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ABSTRACT

BACKGROUND OF THE STUDY: Down syndrome is one of the most common genetic
causes of developmental delays. Virtual reality is an innovative tool of rehabilitation based on
computer technology. It has been applied in the rehabilitation of many developmental areas.
Virtual reality-based therapy (VRT) has been used nowadays as a balance and motor learning
tool in order to facilitate the development and learning process in down syndrome.
OBJECTIVE OF THE STUDY: : The objective of the present study is to review the articles for
identifying the Effect of virtual reality-based therapy on balance and/or motor learning in down
syndrome Patients.

METHODOLOGY: We had searched for articles and abstracts that were published from 2010
to 2023 and were included in this review. Randomized controlled trials and non-randomized
controlled trials, systemic reviews, cohort studies and comparative studies were included in this
review of literature.

RESULT: From the selected 13 relevant research reports almost, studies included in the review
showed that Virtual Reality is most effective treatment to improve balance and motor learning in
down syndrome.

CONCLUSION: From this review of literature concluded that virtual reality therapy (VRT)
may be helpful in helping people with Down syndrome become more agile and strong, as well as
helping their children to improve more balance, coordination and motor learning.

KEY WORDS: Down Syndrome, Virtual Reality based Rehabilitation, balance, motor learning

INTRODUCTION 19th century as “Mongolian family” and then
Down syndrome (DS) is the most frequently ~ “Mongol idiot” [ based on their innate
diagnosed chromosomal disorder in new- physical characteristics. Due to his discovery,
borns, ' 3 formerly scientifically described by ~ he was called as “father of this disease” and
John Langdon Down in the second half of the named derived from his name.’! The cause of
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DS was only discovered in 1959 by Jerome
Lejeune, when he realized that individuals
with the syndrome had an extra chromosome
in their karyotype, totally or partially
accompanying chromosome 21. Thus, DS
became understood as an imbalance in the
chromosomal constitution of chromosome
21.1°1 Therefore, Down syndrome, also known
as trisomy-21. It can affect individuals of any
race or ethnicity, and the overall prevalence is
10 per 10,000 live births worldwide; however,
in recent years, the prevalence has been
increasing. ' The discovery of a link between
a supernumerary chromosome 21 and the DS
phenotype was first reported in 1959 and
was an important landmark for the
development of genetic medicine. Mouse
models for the study of DS were first
developed in 1990°! and the complete
nucleotide sequence of the long arm of Homo
sapiens chromosome  21(HSA21) was
published in 2000 by a multinational
consortium of investigators.l') Substantial
progress has been made in the ensuing 19
years in understanding the molecular
pathophysiology of the different phenotypic
manifestations of DS, which is currently
considered a disorder of gene expression
dysregulation. In addition, widely used
screening methods have been introduced for
the prenatal detection of DS.1!-14]

Individuals with Down Syndrome have
unique physical, neurological,
musculoskeletal, sensorimotor and learning
and communication characteristics that can
impact each other as well as the Individuals’
ability to develop age-appropriate skills.
[15,16,17]

The most effective traditional approaches for
treating sensorimotor problems in children
with DS include: Sensory integrative (SI)
therapy, Perceptual-motor (PM) approach,
Neurodevelopmental treatment (NDT) [8
while one of the advance treatment
approaches for Down syndrome is virtual
reality.

Virtual Reality

Virtual reality is a simulated experience that
can be similar to or completely different from
the real world.[**1 It means to a user—computer
interface  that consists of  real-time
environmental simulation, that is, the users
could interact with the scenario or
environment via multiple sensory channels.!?"]
It is a highly interactive, computer-based
multimedia environment in which the user
becomes the participant in a computer-
generated  world.®  Virtual  learning
environments provide three-dimensional (3D)
insights into the structures and functions of
any system desired. It is known that VR can
make the artificial as realistic as, and even
more realistic than, the real ™%, VR can be
used as an auxiliary tool involving a playful,
motivational objective that can facilitate the
development of perceptions and motor skills
through the training of planning skills and
motor control as well as stimulation of the
plasticity of the central nervous system. [21.22]
Applications of virtual reality include
entertainment (e.g. video games), education
(e.g. medical or military training) and
business (e.g. virtual meetings). Other distinct
types of VR-style technology include
augmented reality and mixed reality,
sometimes referred to as extended reality.
Currently, standard virtual reality systems use
either virtual reality headsets or multi-
projected environments to generate realistic
images, sounds and other sensations that
simulate a user's physical presence in a virtual
environment. A person using virtual reality
equipment is able to look around the artificial
world, move around in it, and interact with
virtual features or items. The effect is
commonly created by VR headsets consisting
of a head-mounted display with a small screen
in front of the eyes, but can also be created
through specially designed rooms with
multiple large screens. Virtual reality
typically incorporates auditory and video
feedback, but may also allow other types of
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sensory and force feedback through haptic
technology.™**!

Classification

VR is classified into three major types:

1. Non-Immersive VR Systems

2. Semi-Immersive VR Systems

3. Immersive  (Fully  Immersive) VR
systems.[*%]

Virtual reality video games such as

1. Nintendo Wii

2. Wii Fit

3. Wiihab

1. Nintendo Wii: is played with a wireless
controller, fitted with acceleration sensors.
This controller responds to changes in
direction and speed, and interacts with the
Elﬁyer through a motion detection system

2. Wii Fit: is a video game released for
Nintendo Wii that is played using a
special Wii balance board in order to
perform activities like yoga jogging and
aerobics 241,

3. Wiihab: is an abbreviation for "Wii
habilitation” a new idea that came about
after the introduction of the Nintendo Wii
to use the console for habilitation and
rehabilitation. Nintendo’s Wii changed the
way video games were viewed because it
actively involved the gamer in the playing
of the game [2°],

Objective of the Study
The objective of the present study is to review
the articles for identifying the Effect of virtual

REVIEW OF LITERATURE

reality-based Rehabilitation on balance and/or
motor learning in down syndrome Patients.

METHODOLOGY

Search duration: Article published from

2010 - 2023 were included in this review.

Search database: Studies were identified

from the following databases:

e Google scholar, Wikipedia.org,
nchi.nim.nih.gov, PubMed, Physiopedia,
springer.com, sciencedirect.com,
researchgate.net

Study design: A Literature Review.

Inclusion criteria:

e Articles published in English language

e Articles between 2010 to 2023

e The Primary aim of the study was to find
out the Effect of virtual reality-based
rehabilitation on balance and/or motor
learning in down syndrome Patients

e The publication had been peer reviewed.

Exclusion criteria:

e Articles published in languages other than
English

e Case reports

e Comments and letters or report
information
e Study includes the Effect of virtual

reality-based rehabilitation other than
down syndrome patient

e Study includes the Effect of virtual
reality-based rehabilitation other than
balance and motor learning

No | Author/year Study title Place of | Type of Study Conclusion
Study

1 Samia Abdel Rahman | Efficacy of Virtual Reality- | Egypt Randomized This study showed that improvement in
Abdel Rahman | Based Therapy on Balance in control trial postural stability of children with DS, aged
12812010 Children with Down 10 to 13 years, was possible through the

Syndrome use of VR-based therapy in the form of
Wii-Fit.

2 Yee-Pay Wuang, | Effectiveness of  virtual | Taiwan Quasi- Inconclusion, therapeutic intervention (i.e.,
Ching-Sui Chiang, | reality using Wii gaming experimental VR Wii or SOT) conducted at a regular
Chwen-YngSu, Chih- | technology in children with Study basis was beneficial in _improving
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Chung Wangh!?" Down syndrome sensorimotor functions in school-aged

2011 children with DS. More effort should be
made to help these children generalize the
training effects to the functional tasks that
demand similar motor skills

3 Lilian Del Ciello de | Motor Learning and Virtual | Brasil Literature They conclude that individuals with Down
Menezes1, Thais | Reality in Down Syndrome; Review syndrome
Massettil,3 a Literature Review respond positively and effectively, with
Et al 12015 improvements in sensory motor control,

when stimulated with tasks that are
complementary to

conventional therapy, including therapy
involving virtual reality.

4 Juliana Ribeiro | Virtual Reality Therapy: | Brazil Quasi- In their study they concluded that
Gouveia Reis 1; | Motor Coordination And experimental performing the Virtual Reality Therapy
CassianoMerussi Balance Analysis In Children Study and | program, conducted in short sessions,
Neiva 2; And Teenagers randomized associated with normal activities of the
Etal 12017 With Down Syndrome control trial institution, may be included as an adjunct

to children and adolescents with Down
Syndrome  physiotherapy  treatment,
contributing to a better performance in
motor coordination and balance

5 Mohamed A. Abdel | Effect Of Virtual Reality | Egypt Randomized Wii games-based balance training has the
Ghafar, Osama R. | Versus Traditional Physical Comparative potential to improve the functional balance
Abdelraouf ¥ Therapy On  Functional Study in children with Down syndrome and it
2017 Balance In Children With can be used as an alternative modality

Down whenever conventional physical therapy is
Syndrome: A Randomized not feasible.
Comparative Study

6 Carlos Bandeira de | Short-term motor learning | USA Experimental In their study they concluded that
Mello Monteirol,2, et | through non-immersive Study individuals with DS who started with low
al B42017 virtual  reality task in performance  improved  coincidence-

individuals  with down timing task with virtual objects, but were
syndrome less accurate than typically developing
individuals.

7 Jamile Benite Palma | Protocol study for a | Brazil Randomised Non-invasive brain stimulation method
Lopes,1 Luanda | randomised, controlled, Controlled Trial | (TDCS) will be employed to facilitate
André Collange | double-blind, clinical trial motor cortical excitability in the areas
Grecco,2 et al B212017 | involving virtual reality and subjacent to stimulation to enhance the

anodal transcranial direct effects of motor control and learning
current stimulation for the

improvement of upper limb

motor function in children

with Down syndrome

8 Nicolas Gomez | Effect of an intervention | Brazil Intervention A virtual reality-based intervention was
Alvareza, Alexandra | based on virtual reality on based research effective in GWBB, providing low-impact
Venegas Mortecinosb | motor  development and exercises to improve postural control and
et al %2018 postural control in children thus leading to improved motor skills in

with Down Syndrome children with DS.

9 Reham A. Mohamed, | Virtual Reality for Motor | Egypt Systematic Studies included in their article gave
Samia A. Abd El- | Rehabilitation of Children Review moderate  evidence  regarding  the
Rahman.et.al.,®42019 | with  Down  Syndrome: effectiveness of virtual reality in motor

Systematic Review rehabilitation of children with Down
syndrome.  Further  well  designed
randomized controlled trials on the
effectiveness of virtual reality on children
with Down syndrome are necessary.

10 | Jessica Standerl Effect of virtual reality | South Systematic In their study they concluded that VRT
Jennifer C. du Preezl | therapy, combined with | Africa Review may be valuable to improve agility and
et al 912021 physiotherapy for improving strength in individuals with Down

motor proficiency in syndrome, and balance and coordination in

individuals  with  Down children with Down syndrome.

syndrome: A systematic

review

11 | Jamile Benite Palma | Brain activity and upper limb | Brazil Randomised VR activities constitute a promising
Lopes, Isabela | movement analysis in Controlled Trial | resource in the rehabilitation process by
Marques Miziara et al | children with Down promoting the repetition of movements
13612022 syndrome undergoing during functional and motor training, the

transcranial _ direct current improvement of sensorimotor and adaptive
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stimulation combined with
virtual reality training: study
protocol for a randomized
controlled trial

information, and the overcoming of
difficulties with regards to activities of

12 | ElvioBoato

GeizianeMelo,et al B | Computational Technologies

2022 in the Psychomotor and
Cognitive Development of
Children with
Down Syndrome: A

Systematic Literature Review

The Use of Virtual and | Brazil

daily living.
Systematic The games used in these studies were able
Review to stimulate, through the visual field, the

skills of global motor skills, balance, body
scheme and spatial organization, in
addition to the learning of mathematical
concepts, in order to directly influence the
autonomous life activities, language skills,
social skills and educational aspects of
people with DS.

13 | Joypriyanka Reinforcement

learning- | Saudi

Experimental In their study they concluded that when

Mariselvaml, based Al assistant and VR | Arabia Study compared to  other  reinforcement
Surendran Rajendranl | play therapy game for algorithms, the performance of the Al
and Youseef Alotaibi | children with Down helper agent is at its highest when it is
13812023 syndrome bound to trained with PPO-Actor Critic and A3C.
wheelchairs
DISCUSSION natural-like environments to allow for

Down Syndrome is a genetic disorder caused
when abnormal cell division results in extra
genetic material from chromosome 21. They
have difficulty with equilibrium, balance,
protective response and graded muscle
movement leading to wide base of support in
sitting and standing and delay in postural
control and locomotion %4941 Slow postural
responses to loss of balance lead to
inefficiencies in maintaining stability. Such
balance problems may result from higher-
level postural control mechanisms such as
delayed cerebellar maturation and a relatively
small cerebellum and brainstem ©24% The
most effective traditional approaches for
treating sensorimotor problems in children
with DS include sensory integrative (SI)
therapy, the perceptual-motor (PM) approach,
and neurodevelopmental treatment (NDT)!2l,
The impact of VRT on motor and
psychosocial outcomes in children who have
a developmental coordination disorder,
showed a significant improvement in their
motor proficiency 4. Virtual reality therapy
can also improve the spatial orientation
capacity and activate the cerebral cortex, thus
facilitating better balance control and motor
function °. Virtual Reality could create an
exercise environment in which the practice
intensity and positive sensory feedbacks (i.e.
auditory, visual, and proprioceptive) can be
manipulated systematically in different

individualized motor training programs 41,

In our review article two of the studies shows
effectiveness of VR on Balance. In which
Samia Abdel Rahman Abdel Rahman et at
[2010] reported that VR based therapy in
form of Wii-fit could improve balance and
confidence via Wii-fit balance board and
improve functional mobility in older adults
via VR exercise, improve postural control via
virtual cycling training 8. It is supported by
other article reported that VR in form of Wii
games is superior than traditional physical
therapy to improve functional balance in
children with down syndrome. Wii games
involves augmented forms of sensory
feedback enhance different balance challenges
by detection of posture and balance
disturbances and corrections, thus allowing
the participant to use both timely feedback
control and feed-forward preparatory control
[rg)?uired during different balance challenges
There are few studies that shows effectiveness
of VR on Motor learning. In which Two of
the study reported that improvement in motor
learning by using VR. Wii that adaptively
modulated muscle activity, producing rapid
bursts to contrast sudden variations joints or
restore basic muscle hypotonia during relaxed
limp oscillation. Repetitive intensive training,
observation, practice and representation on
screen of task specific activities can facilitate
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brain plasticity in down syndrome that engage
the mirror neuron system that enhance
sensorimotor function. 2728

Felipe fregeni et al in their study they
concluded that short term motor learning
through non immersive VR task in individuals
with down syndrome was facilitate the
performance of temporary effects during
acquisition but also provide improved durable
performance of retention and transfer tests
and also optimizing movement speed and
energy efficiency B4,

In our Review there are few studies that
shows effectiveness of VR on both balance
and motor learning. Nicolds Gomez-Alvarez
et al reported that effect of an intervention
based on virtual reality on motor development
and postural control in children with Down
Syndrome. They also concluded that a virtual
reality-based intervention was effective for
the WBBG as it provides low-impact
exercises to improve postural control and
thereby leading to better performance in
TGMD 2 in children with DS B8, Two of the
studies reported that VR for Motor
rehabilitation of children with down
syndrome improve motor proficiency, visual-
integration abilities and SI functioning and
also improve child’s postural stability, UL co-
ordination, Manual dexterity, strength,
balance and running speed and agility. VR
provide multisensory feedback that improve
performance and affect brain reorganization,
motor capacity, visual-perceptual skills and
personal factor B+*1, Juliana Ribeiro Gouveia
Reis et al shows effect of VR on motor Co-
ordination and balance using two games, one
was River Rush and second was Hall of
ricochets. It involves body movement such as
balance, co-ordination, visual manual and
gross motor co-ordination from Kinect
adventure 2%,

In general, most of the studies recommend to
use larger no. of children with DS. Though
only few studies Included in this review it

gives evidence supporting the use of VR for
improving balance and motor learning.

CONCLUSION

The current review discovered evidence of
using virtual reality to help children with
down syndrome with their balance and motor
learning. Few studies have been conducted on
the subject; more carefully planned
randomized controlled trials are still required.
High-caliber studies in the future could
support the current data about VR's benefits
for kids with Down syndrome. VRT may be
helpful in helping people with Down
syndrome become more agile and strong, as
well as helping their children to improve more
balance, coordination and motor learning.

Declaration by Authors

Ethical Approval: Not Applicable
Acknowledgement: None

Source of Funding: None

Conflict of Interest: The authors declare no
conflict of interest.

REFERENCE

1. Holz, F.; Plenzig, S.; Held, H.; Verhoff, M.;
Birngruber, C. Trisomy 21 in forensic
autopsies: Review of a 20-year period.
Forensic Sci. Int. 2019, 297, 302-306.
[CrossRef] [PubMed]

2. Kaczorowska, N.; Kaczorowski, K.
Laskowska, J.; Mikulewicz, M. Down
syndrome as a cause of abnormalities in the
craniofacial region: A systematic literature
review. Adv. Clin. Exp. Med. 2019, 28, 1587—
1592. [CrossRef] [PubMed]

3. Parker, S.E.; Mai, C.T.; Canfield, M.A.;
Rickard, R.; Wang, Y., Meyer, R.E,;
Anderson, P.; Mason, C.A.; Collins, J.S.;
Kirby, R.S. Updated national birth prevalence
estimates for selected birth defects in the
United States, 2004-2006. Birth Defects Res.
Part A Clin. Mol. Teratol. 2010, 88, 1008—
1016. [CrossRef]

4. 4. Van Robays, J. John Langdon Down
(1828-1896). Facts Views Vis. ObGyn 2016,
8, 131. [PubMed]

International Journal of Health Sciences and Research (www.ijhsr.org) 193
Volume 14; Issue: 5; May 2024



Khushi Desai et.al. Enhancing balance and motor learning in down syndrome: a review of virtual reality
rehabilitation

5. Carothers AD, Hecht CA, Hook EB. 16. LaVeck, B. and G.D. LaVeck, 1977. Sex
International variation in reportedlive birth differences in development among young
prevalence rates of Down syndrome, adjusted children with Down syndrome. J. Pediatr., 91:
for maternal age.J Med Genet. 1999; 36:386— 767-769.

93. 17. Shumway-Cook, A. and M.H. Woollacott,

6. Sherman, S.L.; Allen, E.G.; Bean, L.H; 1985. Dynamics of postural control in the
Freeman, S.B. Epidemiology of Down child with Down syndrome. Phys. Ther., 65:
syndrome. Ment. Retard. Dev. Disabil. Res. 1315-1322
Rev. 2007, 13, 221-227. [CrossRef] 18. Wuang, Y. P., Lin, Y. H., & Su, C. Y. (2009).
[PubMed] Pasch analysis of the Bruininks—Oseretsy test

7. Weijerman, M.E. & De Winter, J.P., 2010, of motor proficiency-second edition in
‘Clinical practice’, European Journal of intellectual disabilities. Research in
Pediatrics 169(12), 1445-1452. Developmental Disabilities, 30, 1132-1144.
https://doi.org/10.1007/s00431-010-1253-0 19. https://www.researchgate.net/publication/354

8. Leleune J, Gautier M & Turpin R Study of 065442_VR-Research_paper
somatic chromosomes from 9 mongoloid 20. Burdea, G. C. (2003). Virtual rehabilitation-
children [French]. C. R. Hebd. Seances. Acad. benefits and challenges. Methods of
Sci 248, 1721-1722 (1959). This study is the Information in Medicine, 42, 519-523.
first  description of the chromosomal 21. Lin HC, Wuang YP. Strength and agility
abnormality in DS. training in adolescents with Down syndrome:

9. 4. Davisson MT, Schmidt C & Akeson EC a randomized controlled trial. Res Dev
Segmental trisomy of murine chromosome 16: Disabil2012; 33:2236-44.

a new model system for studying Down 22. Mello B, Ramalho T. Use of virtual reality in
syndrome. Prog. Clin. Biol. Res 360, 263280 the physical therapeutic treatment of
(1990). [PubMed: 2147289] individuals with down syndrome.

10. Hattori Met al.The DNA sequence of human RevistaNeurociéncias2015; 23:143-9.
chromosome 21. Nature405, 311-319 (2000). 23. Saposnik, G., Teasell, R., Mamdani, M., Hall,
[PubMed: 10830953] A landmark paper on J., Mcllroy, W., Cheung, D. et al.,, 2010,
the sequencing of the long arm of HSA21. ‘Effectiveness of virtual reality using Wii

11. AntonarakisSEDown syndrome and the gaming technology in stroke rehabilitation: A
complexity of genome dosage imbalance. Nat. pilot randomized clinical trial and proof of
Rev. Genetl8, 147-163 (2017). [PubMed: principle’,  Stroke  41(7), 1477-1484.
28029161] https://doi.org/10.1161/STROKEAHA.110.58

12. Herault Y et al. Rodent models in Down 4979
syndrome research: impact and future 24. Ewalt, D.M., 2008. Nintendo's power up:
opportunities. Dis. Model. Mech10, 1165— How an oddly-named gizmo rebooted the
1186 (2017). [PubMed: 28993310] video game industry. Harvard Asia Pacific

13. Chen XQ & Mobley WC Exploring the Rev., 9: 38-40
pathogenesis of Alzheimer disease in basal 25. Shinkle, E., 2008. Video games, emotion and
forebrain cholinergic neurons: converging the sixsenses. Media Culture Society, 30: 907-
insights from alternative hypotheses. Front. 915.

Neurosci 13, 446 (2019). [PubMed: 26. Rahman SA, Rahman A. Efficacy of virtual
31133787] reality-based therapy on balance in children

14. Reeves RHetal.Paving the way for therapy: with  Down syndrome. World Applied
the Second International Conference of the Sciences Journal. 2010;10(3):254-61.
Trisomy 21 Research Society. Mol. 27. https://www.sciencedirect.com/science/article
Syndromol9, 279-286 (2019). [PubMed: [abs/pii/S0891422210002404
30800043] 28. de Menezes LD, Massetti T, Oliveira FR, de

15. Chamberlain, C.E. and R.M. Strode, 1999. Abreu LC, Malheiros SR, Trevizan IL,
The Source for Down syndrome. New York: Moriyama CH, de Mello Monteiro CB. Motor
Plenum Press. learning and virtual reality in Down

International Journal of Health Sciences and Research (www.ijhsr.org) 194

Volume 14; Issue: 5; May 2024



Khushi Desai et.al. Enhancing balance and motor learning in down syndrome: a review of virtual reality
rehabilitation

29.

30.

31.

32.

33.

34.

35.

syndrome; a literature review. International
Archives of Medicine. 2015 Jul 22;8.

Reis JR, Neiva CM, Pessoa Filho DM, Ciolac
EG, Verardi CE, da Cruz Siqueira LO, de
Freitas Goncalves D, da Silva GR, Hiraga
CY, Tonello MG. Virtual reality therapy:
Motor coordination and balance analysis in
children and teenagers with Down syndrome.
European Journal of Human Movement. 2017
Jul 19; 38:53-67.

Ghafar MA, Abdelraouf OR. Effect of virtual
reality versus traditional physical therapy on
functional balance in children with down
syndrome: A randomized comparative study.
Int. J. Physiother. Res. 2017; 5:2088-94.

de Mello Monteiro CB, da Silva TD, de
Abreu LC, Fregni F, de Araujo LV, Ferreira
FH, Leone C. Short-term motor learning
through non-immersive virtual reality task in
individuals with down syndrome. Bmc
Neurology. 2017 Dec; 17:1-8.

Lopes JB, Grecco LA, de Moura RC, Lazzari
RD, Duarte ND, Miziara I, de Melo GE,
Dumont AJ, Galli M, Oliveira CS. Protocol
study for a randomised, controlled, double-
blind, clinical trial involving virtual reality
and anodal transcranial direct current
stimulation for the improvement of upper
limb motor function in children with Down
syndrome. BMJ open. 2017 Aug
1;7(8):e016260.

Alvareza NG, Mortecinosb AV, Rodriguezb
VZ, Fontanillab ML, Vésquezb MM, Pavez-
Adasmea G, Hernandez-Mosqueiraa C. Effect
of an intervention based on virtual reality on
motor development and postural control in
children with Down Syndrome.
Revistachilena de pediatria. 2018 Aug
8;89(6):747-52.

Mohamed RA, Abdel-Rahman S, Aly MG.
Virtual reality for motor rehabilitation of
children with Down syndrome: Systematic
review. Med J Cairo Univ. 2019;87(2):1117-
23.

Stander J, du Preez JC, Kritzinger C,
Obermeyer NM, Struwig S, van Wyk N,
Zaayman J, Burger M. Effect of virtual reality
therapy, combined with physiotherapy for
improving motor proficiency in individuals
with Down syndrome: A systematic review.

36.

37.

38.

39.

40.

41.

42.

43.

44,

The South African Journal of Physiotherapy.
2021;77(2).

Lopes JB, Miziara IM, Kahani D, Parreira
RB, de Almeida Carvalho Duarte N, Lazzari
RD, Santos LV, de Mello Monteiro CB, da
Silva Cardoso DC, de Oliveira Hassel Mendes
J, dos Santos Alves VL. Brain activity and
upper limb movement analysis in children
with Down syndrome undergoing transcranial
direct current stimulation combined with
virtual reality training: study protocol for a
randomized controlled trial. Trials. 2022 Jan
28;23(1):87.

Boato E, Melo G, Filho M, Moresi E,
Lourenco C, Tristao R. The Use of Virtual
and Computational Technologies in the
Psychomotor and Cognitive Development of
Children with Down Syndrome: A Systematic
Literature Review. International Journal of
Environmental Research and Public Health.
2022 Mar 3;19(5):2955.
https://lwww.researchgate.net/publication/370
828988_Reinforcement_learning-

based Al _assistant and_VR_play_therapy ¢
ame_for_children_with_Down_syndrome_ho
und_to_wheelchairs

Chamberlain, C.E. and R.M. Strode, 1999.
The Source for Down syndrome. New York:
Plenum Press.

LaVeck, B. and G.D. LaVeck, 1977. Sex
differences in development among young
children with Down syndrome. J. Pediatr., 91:
767-769.

Shumway-Cook, A. and M.H. Woollacott,
1985. Dynamics of postural control in the
child with Down syndrome. Phys. Ther.,65:
1315-1322.

LeBlanc, D., R. French and B. Schultz, 1977.
Static and dynamic balance skills of trainable
children with Down syndrome. Percept Motor
Skills, 45: 641-642.

Connolly, B.H. and B.T. Michael, 1986.
Performance of retarded children, with and
without Down syndrome, on the Bruiniks
Oseretsky Test of Motor Proficiency. Phys.
Ther., 66: 344-348.

Hammond, J., Jones, V., Hill, E.L., Green, D.
& Male, 1., 2014, ‘An investigation of the
impact of regular use of the Wii Fit to
improve motor and psychosocial outcomes in
children with movement difficulties: A pilot

195

International Journal of Health Sciences and Research (www.ijhsr.org)
Volume 14; Issue: 5; May 2024



Khushi Desai et.al. Enhancing balance and motor learning in down syndrome: a review of virtual reality
rehabilitation

45.

46.

study’, Child: Care, Health and Development
40(2), 165-175.
https://doi.org/10.1111/cch.12029

Mao, Y., Chen, P. & Le Li, D.H., 2014,
‘Virtual reality training improves balance
function’, Neural Regeneration Research
9(17), 1628. https://doi.org/10.4103/1673-
5374.141795

Wilson, P., Foreman, N., & Stanton, D.
(1997). Virtual reality, disability and

rehabilitation. Disabilities and Rehabilitation,
19, 213-220.

How to cite this article: Khushi Desai, Ruchi
Patel, Nidhi Patel, Dhwani Gohil, Pranali
Thakkar. Enhancing balance and motor learning
in down syndrome: a review of virtual reality
rehabilitation. Int J Health Sci Res. 2024;
14(5):188-196. DOI: 10.52403/ijhsr.20240522

*khkkkk

International Journal of Health Sciences and Research (www.ijhsr.org) 196
Volume 14; Issue: 5; May 2024



