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Effects of Virtual Reality on Static and Dynamic Balance
among Individuals with Down Syndrome

Ebad-ur-Rehman Khan Ghouri', Aamir Gul Memon?*, Saima Ali’?,
Quratulain Adnan?, Saira Tahir*

ABSTRACT

OBJECTIVE: To determine the effects of virtual reality on static and dynamic balance among individuals
with Down syndrome.

METHODOLOGY: A quasi-experimental study was conducted at Imran Rehabilitation Center, Karachi,
Pakistan, from Nov 2020 to April 2021 through a randomized sampling technique. Twenty-four Down
syndrome individuals between 6 and 9 years of Age were included. Children who could stand and walk
independently, comprehend the instructions and were diagnosed with 50% to 70% IQ level (assessed
using the Stanford Binet Intelligence Scale) were included. In contrast, DS children with autism,
impaired vision or hearing loss and any associated neurological disorders, i.e. Epilepsy, muscular
dystrophies and traumatic brain injury (TBI), were excluded. Data was analyzed using the SPSS version 23.
RESULTS: Group A (n=12) participants had a mean age of 8.08%+0.79 years, and Group B (n=12)
participants had a mean age of 7.61+£0.94 years. Both groups had similar gestational Age and IQ levels.
The Pediatric Balance Scale (PBS) and Rhomberg test assessed balance and motor control. Within-
group analysis revealed significant improvements in both groups for PBS scores. Group analysis did
not demonstrate significant differences in the PBS scores or Rhomberg test outcomes. The mean PBS
scores for Group A and Group B were 50.33%2.22 and 49.41+3.20, respectively. In the Rhomberg test, no
significant differences were found between the two groups with eyes open or closed.

CONCLUSION: The study concluded that static and dynamic balance was significantly improved in both
groups; however, virtual reality group intervention showed a more significant improvement in static
balance.
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INTRODUCTION

Down syndrome (DS), also known as trisomy 21, is a
genetic disorder caused by the presence of an extra
chromosome 21. It is one of the most common genetic
chromosomal anomalies in approximately 1 in 700 live
births worldwide. Individuals with Down syndrome
often face various physical and cognitive challenges,
which can impact their functional abilities and overall
quality of life’.

Considerable variability exists among infants and
children with DS about the degree of disability and the
specific features affected. More excellent joint range
of motion, presumably attributable to ligamentous
laxity, delayed development of postural reactions and
myelination, low muscle tone, and congenital heart
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defects, all contribute to delayed motor skills. For
example, children with DS tend to sit without support
by 11 months, pull up to a standing position at about
17 months, and walk three indegendent steps at an
average age of 24 to 26 months®. A study found that
73% of the children with DS whom they observed
longitudinally were able to stand by 24 months of Age
and that 40% could walk by 24 months. In contrast,
the average onset of standing alone and walking in
infants with typical development are 11 and 12
months, respectively®.

Among the physical challenges experienced by
individuals with Down syndrome, issues with balance
and motor control are particularly prevalent. Impaired
balance can significantly affect their daily activities,
mobility, and risk of falls, leading to reduced
independence and social participation®. Traditional
rehabilitation approaches have been used to address
these balance deficits; however, incorporating
innovative and engaging interventions may further
enhance treatment outcomes®.

Virtual reality (VR) is a technology that provides a
computer-generated, interactive, and immersive
experience where users can interact with and
manipulate a three-dimensional virtual environment in
real-time®. VR-based interventions have gained
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popularity in various rehabilitation settings because
they can provide task-specific and challenging training
scenarios  while  promoting engagement and
motivation’.

VR in balance training among individuals with
neurological conditions has shown promising results.
Studies in populations with stroke and cerebral palsy?,
have demonstrated improvements in postural control
and dynamic balance following VR-based
interventions. However, the application of VR in
individuals with Down syndrome remains relatively
underexplored®.

Regular physical activity is vital for the mental and
physical progress of individuals with Down syndrome
(DS), fostering motivation and emotional stability. This
study aims to explore the potential benefits of a VR
intervention targeting functional fithess in young adults
with DS and mild-to-moderate mental retardation. The
study expects improvements in postural stability,
weight  distribution, and  functional balance
performance using an immersive VR environment.
The findings can inform effective intervention
strategies to enhance the well-being and physical
abilities of individuals with DS. This research could
contribute valuable insights into rehabilitation and
assistive technology, promoting inclusivity and
optimizing support for individuals with diverse skills.

METHODOLOGY

A quasi-experimental study was conducted at Imran
Rehabilitation Center, Karachi, Pakistan, from Nov
2020 to April 2021. Down syndrome individuals aged
between 6 and 9 years were included in this study.
Children who could stand and walk independently,
comprehend the instructions and were diagnosed with
50% to 70% IQ level (assessed using the Stanford
Binet Intelligence Scale) were included. In contrast,
DS children with autism, impaired vision or hearing
loss and any associated neurological disorders, i.e.
Epilepsy, muscular dystrophies and traumatic brain
injury (TBI), were excluded. Non-probability purposive
sampling was used. The recruited participants were
divided into two equal groups using the sealed
envelope method. The ethical research committee
department of Ziauddin College of Rehabilitation
Science, Ziauddin University, approved the study.

Consent has been obtained from the parents or legal
guardians of the individuals with Down syndrome
participating in the study exploring the effects of virtual
reality on static and dynamic balance. Both the groups
performed warm-up exercises for 10 minutes that
consisted of generalize stretching exercises of all four
limbs. The intervention protocol of Group A
(Experimental/Intervention group) included Nintendo
Wii and Nintendo Fit exercises based on virtual reality
games. Three games based on virtual reality were
performed for 30 min. The games include the football
heading game, ski slalom game, and table tilt game,
which are exclusively based on improving the strength
of the trunk, lower limb, and postural stability in Down
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syndrome children. Each game was performed for 10
minutes, with a rest duration of 2/3 minutes between
each game. Group B (Control Group) were given
intervention based on traditional therapy that
comprised ball throwing and catching, reaching for an
object while the participant was standing or sitting on
an even or uneven surface, and stairs climbing up and
down. Each intervention was performed for 10
minutes with a 2/3 minute rest between each.

The intervention given to the control group
participants is exclusively based on improving
children's balance and strength at the level of trunk,
core and lower limbs. Both groups performed each
session for approximately 30 — 40 minutes thrice a
week for eight weeks. Twenty-four sessions were
given in total. We assessed a static balance using the
Rhomberg test with excellent reliability (r =0.8)".
Static balance was assessed with feet apart and feet
together. The balance was evaluated at feet apart by
keeping the participant's eyes open, and eyes closed,
followed by feet together. The pediatric Berg balance
scale (PBS) is widely used to measure the functional/
dynamic balance (r = 0.9)'". The PBS is a scale with
14 items, each score from 0 — 4, in which 0 means
lowest function, and 4 indicates highest function, with
a maximum score of 56. The 14 Items are related to
maintaining a balanced transition of movement.

Data was analyzed using the SPSS version 23.
Independent T-test analysis was used within and
between the group analyses, and paired T-test was
used.

RESULTS

The demographic characteristics of the study
participants are presented in Table 1. Group-A
comprised 12 participants with a mean age of
8.08+0.79 years, gestational Age of 8.83+0.57 weeks,
and 1Q level of 62.42+2.90. Group B also consist of 12
participants with a mean age of 7.6110.94 years,
gestational Age of 9+0 weeks, and 1Q level of
62.58+4.07. These findings suggest that the two
groups were similar in terms of Age, gestational Age,
and 1Q level.

Pediatric Balance Scale & Rhomberg Test
Independent T-Test Analysis

A paired t-test was applied for the group analysis as
the data was normal. It was observed that Group A
was significantly improved to 50.3312.22 from
34.75+2.73 while Group B was also considerably
enhanced to 49.42+3.20 from 33.75+3.69. However, a
slightly higher improvement was noted in Group A
(Table II).

Table I: Descriptive Data

Age Gestational

Group N (years) Age (weeks) 1Q Level
A 12 8.08+0.79 8.83+0.57 62.421+2.90
B 12 7.61+£0.94 910 62.58+4.07
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Table Il: Outcomes of within groups
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Group AMean* Group AMean*SD Group B Mean %

Group B Mean *

Outcomes SD (Pre) (Post) SD (Pre) SD (Post)
Pediatric Balance Scale 34.75+£2.73 50.33+2.22 33.75+3.69 49.42+3.20
Mean Difference 15.58+0.51 15.67+0.49
P-value 0.005 0.00
Rhomberg Test
Feet Apart w/ Arms Hanging 23.58+3.02 29.08+1.16* 21.75+3.46 27.42+2.87*
Mean Difference 5.50+1.86 5.67+0.59
P-value 0.049 0.002 0.007 0.008
Feet Together w/ Cross Arms 21.50+3.58 27.67+2.30* 20.58+4.50 26.42+3.17*
Mean Difference 6.17+1.28 5.83+1,33
P-value 0.014 0.005 0.015 0.019
Feet Apart w/ Arms Hanging EO 24.67+3.25 29.58+1.44* 22.00+2.98 28.17+2.40*
Mean Difference 4.91+1.81 6.17+0.58
P-value 0.049 0.002 0.007 0.008
Feet Apart w/ Arms Hanging EC 22.00+2.98 28.004£2.33* 19.00+3.69 26.25+2.30*
Mean Difference 6.00+0.65 7.25+1.39
P-value 0.014 0.005 0.015 0.019
Note: SD = Standard Deviation; EO = Eyes Opened; EC = Eyes Closed; *Significant difference at p < 0.05.
Pediatric Balance Scale and Rhomberg Test DISCUSSION
Paired-T Test Analysis The current study demonstrated significant

For the Rhomberg test, in feet apart with arms in
hanging position, Group A was improved to
29.08+1.16 from 23.58+3.02 with eyes open, while
Group B was improved to 29.58+1.44. With eyes
closed, Group B was enhanced more than Group A,
i.e. 28.17+2.40. Group B was improved to 28+2.33 in
feet and cross arms, while similar improvements were
noted in both groups with closed eyes (Table Iil).
Pediatric Berg balance scale (PBS) before starting the
virtual reality technology and after VR technology
indicates improvement in scores.

Table Ill: Between-Group Analysis

Group A Group B
Outcomes (n=12) (n=12)  P-value
Pediatric 50.33+222 4941+320  0.38

Balance Scale

Rhomberg Test (Feet apart)

Eyes open 29.08 £1.16 29.58 +1.44 0.40
Eyes closed 27.66 £2.30 28.16 +2.40 0.81
Rhomberg Test (Feet closed)

Eyes open 27.14 £2.87 28.01+2.33 0.17
Eyes closed 26.41+3.17 26.23+2.30 0.21

Note: Values are presented as mean t standard
deviation (SD). P-values indicate the significance of
between-group differences.
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improvements in the Pediatric Balance Scale scores
for both Group A and Group B, indicating the positive
impact of the intervention on balance skills. These
findings are consistent with previous literature, which
reported similar improvements in balance and motor
skills in children with developmental coordination
disorder following a comparable intervention'®".
However, in contrast to former research, where no
significant improvements in balance outcomes were
observed despite a similar intervention, factors other
than the intervention may have influenced the
results™'®. Furthermore, the study's findings align with
those of other studies, showing significant
improvement in balance skills among children with
motor impairments following a different intervention
approach. The results emphasize the potential
effectiveness of individualized interventions in
optimizing balance outcomes for children with motor
difficulties'™.

Both Group A and Group B in the current study
showed improvements in all Rhomberg test
conditions, consistent with prior studies, indicating the
potential  effectiveness of  balance training
interventions in enhancing children's balance abilities.
However, mean improvements in the current study
(Group A: 5.50 points, Group B: 5.67 points) were
slightly lower than previous findings (mean
improvement: 6.80 points)'”'®, possibly due to
differences in intervention protocols or participant
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characteristics.

Compared to the present study, they revealed notably
higher mean improvements in the experimental group
than in the control group, implying the potential
advantages of interventions targeting proprioceptive
and vestibular inputs to enhance balance under
reduced visual conditions'. Similarly, another study
exhibited superior balance performance outcomes in
participants who underwent proprioceptive training
compared to those in the control group®®?'. Moreover,
prior research demonstrated that vestibular-based
interventions resulted in more significant
enhancements in postural stability among individuals
with balance impairments compared to conventional
balance training??. Collectively, these findings
emphasize the significance of addressing sensory
inputs in balance interventions and highlight the
potential effectiveness of tailored strategies focusing
on proprioceptive and vestibular mechanisms to
optimize balance abilities in specific populations.

The current and previous studies both explored the
effects of balance training on postural control in
children. While both studies observed improvements
in the Rhomberg test, they used different intervention
approaches and outcome measures. The current
study focused on the Rhomberg test under different
visual conditions, while the former employed a
multidimensional balance training program targeting
various balance-related tasks. Both studies reported
significant improvements in balance abilities, but the
specific areas of balance enhancement and
intervention strategies differed®?*; this indicates the
potential benefits of utilizing various balance training
approaches tailored to children's needs to optimize
postural control outcomes.

CONCLUSION

The findings of this study indicate that both the virtual
reality and traditional exercise interventions positively
impacted the participants' static and dynamic balance.
However, it is worth noting that the group that
received the virtual reality intervention demonstrated a
more significant improvement in static balance than
the traditional exercise group. These results highlight
the potential of virtual reality as a promising tool for

balance training in individuals with balance
impairments.
Ethical permission: Ziauddin University, Karachi,

Pakistan, ERC letter No. 35862940.

Conflict of Interest: No conflict of interest, as stated
by authors.

Financial Disclosure / Grant Approval: No funding
agency was involved in this research.

Data Sharing Statement: The corresponding author
can provide the data proving the findings of this study
on request. Privacy or ethical restrictions bound us
from sharing the data publicly.

119

J Liaquat Uni Med Health Sci APRIL - JUNE 2024; Vol 23: No. 02
AUTHOR CONTRIBUTION

Ghouri ER: Conception and design, critical revision for
the important intellectual content
Memon AG: Manuscript drafting, final approval

Ali S: Analysis and interpretation of data
Adnan Q: Assembly of data

Tahir S: Data collection, assembly of data
REFERENCES

1. Asadzadeh A, Samad-Soltani T, Salahzadeh Z,
Rezaei P. Effectiveness of virtual reality-based
exercise therapy in rehabilitation: A scoping
review. Inform Med Unlocked. 2021; 24(5):
100562. doi: 10.1016/j.imu.2021.100562.
Syed-Abdul S, Malwade S, Nursetyo AA, Sood M,
Bhatia M, Barsasella D et al. Virtual reality among
the elderly: a usefulness and acceptance study
from Taiwan. BMC Geriatr. 2019; 19(1): 223.
doi: 10.1186/s12877-019-1218-8.

Alsakhawi RS, Elshafey MA. Effect of core
stability exercises and treadmill training on
balance in children with Down syndrome:
randomized controlled trial. Adv Ther. 2019; 36(9):
2364-73. doi: 10.1007/s12325-019-01024-2. Epub
2019 Jul 12.

Aprigio J, de Castro CM, Lima MA, Ribeiro MG,
Orioli IM, Amorim MR. Mothers of children with
Down syndrome: a clinical and epidemiological
study. J Community Genet. 2023; 14(2): 189-95.
doi: 10.1007/s12687-022-00627-7. Epub 2022
Dec 23.

Shelton AR, Malow B. Neurodevelopmental
disorders commonly presenting with sleep
disturbances. Neurotherapeutics. 2021; 18(1): 156
-69. doi: 10.1007/s13311-020-00982-8.

Javaid M, Khan [IH. Virtual reality (VR)
applications in cardiology: a review. J Industr
Integr Manag. 2022; 7(02): 183-202.

Cieslik B, Mazurek J, Rutkowski S, Kiper P,
Turolla A, Szczepanska-Gieracha J. Virtual reality
in psychiatric disorders: A systematic review of
reviews. Complement Ther Med. 2020; 52:
102480. doi: 10.1016/j.ctim.2020.102480. Epub
2020 Jun 9.

Gao Y, Ma L, Lin C, Zhu S, Yao L, Fan H et al.
Effects of virtual reality-based intervention on
cognition, motor function, mood, and activities of
daily living in patients with chronic stroke: a
systematic review and meta-analysis of
randomized controlled trials. Front Aging
Neurosci. 2021; 13: 766525. doi: 10.3389/fnagi.
2021.766525.

Bezerra ED, Orssatto LB, Oliveira SN, Sakugawa
RL, Ribeiro AS, Diefenthaeler F, Moro AR. One-
year cessation following resistance training
differently affects neuromuscular, body
composition, and functional capacity in older
adults. Sport Sci Health. 2021; 17: 347-55.

10. Cuenca-Garcia M, Marin-Jimenez N, Perez-Bey



Ghouri et al.

1.

12.

13.

14.

15.

16.

17.

A, Sanchez-Oliva D, Camiletti-Moiron D, Alvarez-
Gallardo IC et al. Reliability of field-based fitness
tests in adults: a systematic review. Sports Med.
2022; 52(8): 1961-79. doi: 10.1007/s40279-021-
01635-2. Epub 2022 Jan 22.

Erden A, Acar Arslan E, Dindar B, Topbas M,
Cavlak U. Reliability and validity of Turkish
version of pediatric balance scale. Acta Neurol
Belg. 2021; 121(3): 669-75. doi: 10.1007/s13760-
020-01302-9. Epub 2020 Feb 19.

Andermo S, Hallgren M, Nguyen TT, Jonsson S,
Petersen S, Friberg M et al. School-related
physical activity interventions and mental health
among children: a systematic review and meta-
analysis. Sports Med Open. 2020; 6(1): 25.
doi: 10.1186/s40798-020-00254-x.

Ferguson GD, Jelsma D, Jelsma J, Smits-
Engelsman BC. The efficacy of two task-
orientated interventions for children  with
Developmental Coordination Disorder:
Neuromotor Task Training and Nintendo Wii Fit
training. Res Develop Disabil. 2013; 34(9): 2449-
61. doi: 10.1016/j.ridd.2013.05.007.

Ali MS. Impact of core stability education on
postural control in children with spastic cerebral
palsy. Bull Faculty Phys Ther. 2019; 24: 85-9.
Chen FT, Etnier JL, Chan KH, Chiu PK, Hung TM,
Chang YK. Effects of exercise training
interventions on executive function in older adults:
a systematic review and meta-analysis. Sports
Med. 2020; 50(8): 1451-67. doi: 10.1007/s40279-
020-01292-x.

Zago M, Duarte NA, Grecco LA, Condoluci C,
Oliveira CS, Galli M. Gait and postural control
patterns and rehabilitation in Down syndrome: a
systematic review. J Phys Ther Sci. 2020; 32(4):
303-14. doi: 10.1589/jpts.32.303.Epub 2020Apr 2.
Posnick JC. Temporomandibular Disorders:
Effects of Occlusion, Orthodontic Treatment, and
Orthognathic Surgery. Orthognathic Surgery.
2022: 306.

120

18.

19.

20.

21.

22.

23.

24.

J Liaquat Uni Med Health Sci APRIL - JUNE 2024; Vol 23: No. 02

De Ponti R, Marazzato J, Maresca AM, Rovera F,
Carcano G, Ferrario MM. Pre-graduation medical
training including virtual reality during COVID-19
pandemic: a report on students' perception. BMC
Med Educ. 2020; 20: 332. doi: 10.1186/s12909-
020-02245-8.

Rios-Rincén AM, Adams K, Magill-Evans J, Cook
A. Playfulness in children with limited motor
abilities when using a robot. Phys Occup Ther
Pediatr. 2016; 36(3): 232-46. doi: 10.3109/01942
638.2015.1076559. Epub 2015 Nov 13.

Karakas H, Seebacher B, Kahraman T.
Technology-Based Rehabilitation in People with
Multiple Sclerosis: A Narrative Review. J Multiple
Sclerosis Res. 2021; 1(3): 54-68. doi: 10.4274/
jmsr.galenos.2021.2021-10-3.

Battilana F, Steurer S, Rizzi G, Delgado AC, Tan
KR, Handschin C. Exercise-linked improvement in
age-associated loss of balance is associated with
increased vestibular input to motor neurons. Aging
Cell. 2020; 19(12): e13274. doi: 10.1111/acel.
13274.

Ptito A, Papa L, Gregory K, Folmer RL, Walker
WC, Prabhakaran V et al. A prospective,
multicenter study to assess the safety and efficacy
of translingual neurostimulation plus physical
therapy for the treatment of a chronic balance
deficit due to mild-to-moderate traumatic brain
injury. Neuromodulation. 2021; 24(8): 1412-21.
doi: 10.1111/ner.13159. Epub 2020 Apr 29.
Schedler S, Brock K, Fleischhauer F, Kiss R,
Muehlbauer T. Effects of balance training on
balance performance in youth: are there age
differences? Res Q Exerc Sport. 2020; 91(3): 405-
14. doi: 10.1080/02701367.2019.1676371. Epub
2020 Jan 6.

Alghwiri AA, Whitney SL. Balance and falls in
older adults. In: Guccione's Geriatric Physical
Therapy. 2020; p.p. 220-239. doi: 10.1016/B978-0
-323-60912-8-00010-5.



