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Abstract

Background: Exergames (exercise and gaming) or virtual exercises have been reported to improve balance and functional 
mobility in older adults. The present study was conducted to evaluate the effects of  virtual reality exercise, on the static balance, 
postural stability, and functional mobility among older women. 
Methods: In this quasi-experimental pilot study, 15 older women aged 65 years old and above were divided into control and 
experimental groups. Our participants were recruited from Gorgan Neighborhood House in Tehran-Iran in June and July 2020. 
Following the pre-test, the experimental group completed three weeks of  virtual training three times per week via Xbox Kinect 
Software, and the effects were measured after three weeks. The Biodex Balance System was employed to measure the fall risk 
index and postural stability index. Moreover, Timed Up and Go (TUG) test were used for functional mobility. 
Results: One-way analysis of  covariance (ANCOVA) revealed a statistically significant difference in post-test between the groups 
concerning fall risk index in open eye conditions, (P<0.001), fall risk index in close eye conditions (P<0.001), overall stability 
index (P<0.001), and TUG (P<0.001).
Conclusion: This study demonstrated that virtual reality exercise could improve the fall risk index and functional mobility of  
healthy older women. Consequently, these types of  exercise could be recommended as practical exercises for elderlies to be done 
at home or health care institutions.
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1. Introduction

Aging is an essential process from the perspective 
of sociologists and geriatricians (1). According to the 
World Health Organization, most developed countries 
face this problem, and developing countries will also 
face this problem in the near future (2). According to 
these reports, only 5.4% of the Iranian population was 
over 60 years old in 1975, which will increase up to 
about 10.5% in 2025 and, surprisingly, in 2050, it would 
reach 21.7% (3). With the increase in age, physical and 
mental function among the elderly gradually decreases, 
which leads to greater dependence on daily activities 
and therefore isolation (4). Falling is the result of a 
disturbance of balance and the departure of the center 
of gravity from the level of reliance (5). Fall is a serious 
issue among the elderly, which has caused widespread 
controversy among experts. Apart from the external 
factors triggered by environmental factors, the internal 
factors could also increase the risk of this issue; these 
factors include weakness of lower limb muscles, 
decreased mental and sensory abilities, decreased 
balance and instability in the body, and slow sensory 

and motor responses (6). Yamada and colleagues (7) 
showed that around a third of 65-year-old adults fall 
once a year at minimum while 6% of such falls cause 
fractures. Moreover, it has been observed that two-
thirds of falls in the older people can be theoretically 
prevented (8). Numerous ramifications of falling 
include hip and wrist fracture, permanent disability, 
reduced quality of life, and even death (9).

Women sustained fall-associated injury rates higher 
than men of comparable ages. Women’s hospitalization 
rates for fall injuries were about 81% higher than those 
of men’s, suggesting that women sustained more severe 
injuries (10). With the increase in age, bone structure 
of women deteriorate, which decreases bone mineral 
density, and increases fragility, lack of balance, and 
a greater likelihood of fracture (11). Active video 
game or exergame is a new enjoyment intervention 
to improve cognition, attention, intelligence, balance, 
physical mobility, and strength, which also affects 
pain improvement. There are certain significant 
deterrents to traditional balance training programs for 
the elderly residing in the society, such as the lack of 
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public availability of high-tech facilities, transportation 
barricades for the elderlies, the problems with the costs, 
and cost-effectiveness of any high-tech programs (12). 
Recently, investigators have examined the effects of 
Xbox Kinect intervention on reduction of falls among 
the older adults (13-15).

Previous studies have evaluated the effects of the 
intervention on balance improvements using manual 
balance-testing methods. The Biodex Balance System 
(BBS) has been proven to be a reliable and objective 
tool for balance assessment among older adults (16). 
The BBS measures the fall risk index and stability index 
among this group.

Ibrahim and colleagues (17) measured the effects of 
virtual reality exercise on balance among older male 
and female adults. To the best of our knowledge, no 
studies have so far considered Xbox Kinect exercise to 
improve the static balance and fall risk index among 
older women. The current pilot study aimed to evaluate 
the effectiveness of virtual reality exercise on fall 
prevention of older women. 

2. Methods

2.1 Study Design 

Fifteen older women participated in this quasi-
experimental pilot study. They were recruited from 
Gorgan Neighborhood House in Tehran-Iran in June 
and July 2020. They were randomly divided into two 
groups of experimental and control using an online 
randomization system (randomizer.org). A member 
of the research team, who was not involved in the 
selection of the samples, determined the randomization 
sequence with a computer program. The participants 
were notified of their group allocation with a sealed 
envelope. The virtual training was as independent 
variables and the fall risk index, timed up and go 
test, and postural stability index were as dependent 
variables. 

2.2 Selection and Description of the Participants

The inclusion criteria comprised women aged 65 years 
and older, able to walk without an assistive device, and 
with no history of syncope falls. The exclusion criteria 
included those with an acute or chronic disease with 
influence on balance control (for example, Parkinson’s 
disease, diabetes, or peripheral neuropathy) and those 
who participated in regular exercise programs in 
the final 6 months prior to this study. The proposal 

and design of the study were approved in the Ethical 
Committee of Kharazmi University in Tehran. All our 
participants filled up and signed the consent form. 

The sample size estimation was determined a priori 
utilizing G*Power (version 3.1.6). Assuming an effect 
size of 0.54 (18), with an alpha level of 0.05, 16 subjects 
participated in this study with 90% power. 

2.3 Exercise Protocol

In this group, the virtual training sessions were 
performed with Xbox Kinect software with a Console 
and Kinect Sensors. The sensor is an infrared camera 
that diagnoses the position and movements of the 
players automatically and records various activities 
of the them. After selecting the games, the person is 
placed in front of the infrared camera and performs 
the movements based on the movements performed by 
the console (19). The experiment was carried out three 
times per week and continued for three weeks. Each 
session was 40 minutes, including warming up and 
cooling down before and after the exercise protocols. 
All the exercise sessions were performed by a certified 
physical trainer and under the supervision of the 
researcher. 

2.4 Test Protocol

Balance Test

The Biodex Balance System (Biodex Medical 
Systems Inc) was employed for assessing fall risk index 
and postural stability index. In the fall risk test, the 
platform was unstable, and the subjects’ sway was used 
for the calculation of the fall risk index. The test was 
done in close and open eyes conditions. According 
to the standard software configuration, two trials, 20 
seconds each at a stability level of 8, were calculated 
with a 10-second rest between the trials (17). (Figure 1)

For the postural stability test, three 20-second trials 
were conducted with one-minute intervals between 
them. The platform was fixed, and the subjects’ sway 
was considered in order to calculate the overall stability 
index (OSI).

Timed Up and Go Test

The TUG is widely used for balance and gait and 
is typically employed to measure the risk of fall in 
the elderlies (20). The TUG evaluates different parts 
of functional mobility, which includes balance or 
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stability, walking, standing up and sitting down, and 
also turning whilst walking (20). The test has shown 
inter-rater reliability (ICC=0.99) and intra-rater 
reliability (ICC=0.99) in a sample of a community-
dwelling older people aged 62 years old (21). Moreover, 
concurrent validity has been reported with the Berg 
Balance Scale (r=-0.61) and the Barthel index (r=-0.51) 
(21). In the TUG test, the partakers have to arise from 
a standard chair having a seat height of 40 cm. At that 
juncture, they were queried to walk for 3 meters at a 
normal speed, turn, walk back to the chair, and sit 
down. The time, recorded in seconds, is computed once 
“go” was expressed and stops once their backs touch 
the chair backrest. If this stage takes a shorter time, it 
could be said that a better balancing ability exists. To 
achieve the TUG score The average of the two trials was 

documented and kept for the data analysis (7).

2.5 Statistical Analysis 

For the data analysis, we employed the SPSS software 
(IBM SPSS Statistics for Windows v. 26, Armonk, 
NY, USA). Separate one-way analysis of covariance 
(ANCOVA) across the two groups (VR vs CON) was 
also used. To compare the within-group (pre-test and 
post-test) differences, A Wilcoxon signed rank test was 
conducted. The α level was set to 0.05.

3. Results

Table 1 represents the demographic variables of the 
participants. The results of independent t-test showed 
no significant differences between the experimental 
(n=7) and control (n=8) groups regarding age (P=0.532) 
and BMI (P=0.437). 

Following the intervention period, ANCOVA 
analyses revealed the significant effect between groups 
for fall-associated risk index in open eye conditions 
(P=0.001, η2=0.752, ω²=0.717). A Wilcoxon signed 
rank test showed a significant difference (Z=-2.371, 
P<0.05) between the scores given for the pre-test fall 
risk index in open eye conditions compared to the post-
test fall risk index in open eye conditions. The median 
score for the post-test was 2.98 compared to 4.94 for 
the pre-test. Furthermore, ANCOVA analyses revealed 
the significant effect between groups for fall risk index 
in close eye conditions (P<0.001, η2=0.893, ω²=0.877). 
A Wilcoxon signed rank test illustrated a significant 
difference (Z=-2.366, P<0.05) between the scores given 
for the pre-test fall risk index in close eye conditions 
compared to those of the post-test fall risk index in 
close eye conditions. The median score for the post-test 
was 4.33 compared to 6.34 for the pre-test.

According to ANCOVA analyses, there was a 
significant effect between groups for the overall stability 
index (P<0.001, η2=0.723, ω²=0.685). A Wilcoxon 
signed rank test showed a significant difference (Z=-
2.366, P<0.05) between the scores given for the pre-test 
fall risk index in close eye conditions compared to those 
of the post-test fall risk index in close eye conditions. 
The median score for the post-test was 1.75 compared 
to 2.24 for the pre-test. ANCOVA analyses exhibited 
a significant main effect of group for the TUG test 
(P<0.001, η2=0.645, ω²=0.624). Based on A Wilcoxon 
signed rank test, a significant difference (Z=-2.366, 
P<0.05) was observed between the scores given for the 
pre-test fall risk index in close eye conditions compared 

Figure 1: The Biodex Balance SystemTM device.

Table 1: Anthropometric Variables of Participants between 
Groups (mean±SD)
Variables Virtual Control
Age 71.28±5.70 73.12±5.38
BMI 23.45±3.25 24.65±2.54
BMI: Body Mass Index (kg/m2)
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to those of the post-test fall risk index in close eye 
conditions. The median score for the post-test was 9.96 
compared to 11.45 for the pre-test. Table 2 depicts the 
mean differences between the pre- and post-tests for 
each group.

4. Discussion

The findings of the current study indicated that 
the virtual training significantly affects fall risk index, 
postural stability, and functional mobility among older 
women. Virtual reality exercise could increase the 
muscle group’s coordination and improve the response 
to the sensory information. It might also lead to an 
increase in balance and functional mobility. The static 
balance ability, which is referred to as the capability 
of sustaining equilibrium while stationary. Balance is 
the essential element in the daily activities and a factor 
of great necessity for function among the elderlies. 
Balance and motor control are crucial for every skill 
and a pivotal part in preventing injuries. 

The outcomes of the present research revealed 
that the Xbox Kinect exercise significantly improved 
the static balance among elder women in opened and 
closed eye conditions. In contrast to the earlier findings 
reported by Van Diest and colleagues, the balance 
concerning sway characteristics enhanced averagely 
by 17.4% (Eye Open) and 23.3% (Eye Close) following 
six weeks of training (P<0.05) (22). Nonetheless, the 
above-mentioned study was conducted during six 
weeks as an unsupervised home exercise with a small 
number of participants; meanwhile, the current study 
was conducted during three weeks with three training 
sessions a week of supervised exercises. In addition, 
in the previous research, the single-leg stance test 
was utilized whereas the current study measured the 
balance with the Biodex Balance System.

The results of this study illuminated that the Xbox 
Kinect exercise as virtual reality improved the balance 

among older adults. Our findings seem to be consistent 
with those of other researches which found that 
exercises with virtual reality could improve the balance 
among the older adults (23). However, our results 
are in contrast with the results reported by (24) who 
did not observe any balance improvement following 
virtual based balance exercise. Such a difference 
could be attributed to the differences concerning the 
methodology and exergame software.

The results of the current study demonstrated 
that Xbox Kinect exercise significantly improved the 
static balance compared to the conventional balance 
exercise. The obtained findings herein mirror those 
of the previous studies that compared the effect of 
exergaming activities with the traditional rehabilitation 
program influencing the balance in older adults (25-
27). The research conducted by Sims and colleagues 
(28) established that Wii fit exercise was more effectual 
compared to that of the traditional exercise on 
balance. The efficacy of Wii Fit training on the balance 
control among the elderlies in comparison with the 
conventional balance training was established in the 
study of (29) as well, where they concluded that Wii 
Fit training could enhance balance more effectively. 
The results of our research are not in accordance with 
those of the research by Yesilyapark and colleagues (30) 
who found no significant differences between virtual 
and conventional balance exercises among the older 
adults aged between 65 and 82 with a history of fall 
and living in nursing homes. In our study, Xbox Kinect 
was utilized for game exercise, which was more feasible 
for older adults. Playing without any remote or cable 
connection and force plate is one of the advantages of 
the Xbox Kinect exercise. This also accords with our 
earlier observations which shed light to the fact that 
exergaming might elevate the balance confidence and 
diminish the risk of falls in the community-dwelling 
females (31). It is suggested that Xbox Kinect exercise 
could increase the muscle group’s coordination and 
improve the response to the sensory information. A 

Table 2: Pre-test and posttest of dependent variables (mean±SD) of groups
Variables Groups Pre-Test Post-Test
Fall Risk Index Open eyes (°) Virtual 4.84±0.34 3.10±0.53*

Control 4.94±0.26 4.68±0.43
Fall Risk Index Close eyes (°) Virtual 6.31±0.54 4.51±.43*

Control 6.38±0.31 6.50±.28
Stability Index (°) Virtual 2.27±0.19 1.68±0.18*

Control 2.23±0.21 2.34±0.24
TUG (s) Virtual 11.80±0.55 9.97±0.66*

Control 11.60±1.22 11.80±0.84
(°)=Degree, (s)=Second, TUG=Timed Up and Go Test, *Signifies difference between pre and post-test.
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possible explanation for this might be the fact that 
Xbox Kinect exercise program, in comparison to the 
conventional interventions, is beneficial and enjoyable 
and seems to be more achievable and feasible (32, 33). 
There are certain significant deterrents to the traditional 
balance exercise programs for the older adults living 
in a community, such as the lack of public availability 
of high-tech facilities, transportation barriers for 
the older adults, and the problem of cost-benefit and 
cost-effectiveness of any high-tech program (12). It 
was hypothesized that Xbox Kinect exercise could 
bring about an interactive setting demanding gestures 
and movements of the upper or lower extremities to 
prompt the on-screen gameplay. Virtual environments 
are based on real environments to be able to add new 
virtual environments efficiently and quickly.

The results herein would be useful for the 
physiotherapists and physical therapy centers; they 
could adopt them in treating and prevent the fall risk 
among the elderlies. Exergaming interventions are 
also safe for older adults and include home situation, 
monitoring performance, motor control and cognitive 
function, motivation, and social interaction. New 
types of exergaming systems, the Microsoft Xbox 
Kinect for instance, do not oblige the players to stay 
on a raised surface or hold the controller and could 
yield a securer exercise than the other systems of 
exergaming for older people. Therefore, this enjoyable 
and low-cost activity would prevent illness and 
health problems associated with physical activity and 
motivate people to have further practice, particularly 
the older adults in families and society. The findings 
from this study make several contributions to the 
current literature. Primarily, previous studies have 
measured the effects of virtual reality employing other 
types of balance tests. To the best of our knowledge, 
not a lot of studies used the Biodex balance system 
for measuring the effects of virtual reality on balance. 
Secondly, this is the first study reporting an advantage 
of virtual reality on balance among women in Iran. 
Overall, this study suggested that the exergames with 
the conventional exercise are practicable and suitable 
for the community-dwelling elderlies and might 
characterize an innovative way in diminishing the 
fall-risk factors among the elderly.

There are some limitations for the current study, 
firstly, this study only investigated the female elderly, 
and the researcher could not apply the fall preventions 
intervention to the male elderlies. Second, Routine daily 
activities and nutritional status of the participants could 
not be controlled by the researcher in this research.

5. Conclusion 

The results of the current study revealed that virtual 
reality training, as an enjoyment and feasible tool, 
improves balance and functional mobility of older 
women and as a result, reduces the risk of fall. In sum, 
this study suggested that exergames are practicable 
and suitable for the community-dwelling elderlies and 
might characterize an innovative way of diminishing 
the risk factors associated with fall among older people.

Acknowledgements 

We would like to thank all the participants who 
allowed us to carry out this research with their presence. 
This paper reported the results of a project. 

Ethical Approval

The Ethics Review Board of Kharazmi University 
approved the present study under the following 
number: IR.KHU.REC.1398.038.

Funding: This study was supported by Kharazmi 
University and Vice-Presidency for Science and 
Technology-Iran. 

Conflicts of interest: None to declare. 

References

1. Harper S. The Challenges of Twenty-First-Century 
Demography. Challenges of Aging: Springer; 
2015;17-29.

2. Nations U. World population ageing 2013. 
3. Tanjani PT, Motlagh ME, Nazar MM, Najafi F. The 

health status of the elderly population of Iran in 
2012. Arch Gerontol Geriatr. 2015;60(2):281-7. doi: 
10.1016/j.archger. 2015;60(2):281-7. PubMed PMID: 
25619817.

4. Buford TW, Anton SD, Clark DJ, Higgins TJ, Cooke 
MB. Optimizing the Benefits of Exercise on Physical 
Function in Older Adults. PM R. 2014;6(6):528-43. 
doi: 10.1016/j.pmrj.2013.11.009. PubMed PMID: 
24361365; PubMed Central:PMC4064002.

5. Sadeghi H, Shojaedin SS, Alijanpour E, Abbasi 
A. The Effects of Core Stability Exercises on 
Balance and Walking in Elderly Fallers with Mild 
Cognitive Impairment: A Randomized Control 
Trial. J Res Rehabil Sci. 2020;1:110-7. doi: 10.22122/
jrrs.v1i1.3502.

6. Ozturk TC, Ak R, Akoglu EU, Onur O, Eroglu S, 
Saritemur M. Factors associated with multiple falls 



42 Women. Health. Bull. 2021; 8(1)

Sadeghi H et al.

among elderly patients admitted to emergency 
department. 2017;11:85-9. doi: 10.1016/j.
ijge.2016.05.009. 

7. Yamada M, Aoyama T, Nakamura M, Tanaka 
B, Nagai K, Tatematsu N, et al. The reliability 
and preliminary validity of game-based fall risk 
assessment in community-dwelling older adults. 
Geriatr Nurs. 2011;32(3):188-94. doi: 10.1016/j.
gerinurse.2011.02.002. PubMed PMID: 21501899.

8. Slade SC, Carey DL, Hill AM, Morris ME. Effects of 
falls prevention interventions on falls outcomes for 
hospitalised adults: protocol for a systematic review 
with meta-analysis. BMJ open. 2017;7(11):e017864. 
doi: 10.1136/bmjopen-2017-017864. PubMed PMID: 
29133324; PubMed Central PMCID: PMC5695509.

9. Sartini M, Cristina ML, Spagnolo AM, Cremonesi 
P, Costaguta C, Monacelli F, et al. The epidemiology 
of domestic injurious falls in a community dwelling 
elderly population: an outgrowing economic 
burden. Eur J Public Health. 2010;20(5):604-6. doi: 
10.1093/eurpub/ckp165. PubMed PMID: 19843597.

10. El-Menyar A, Tilley E, Al-Thani H, Latifi R. 
Females fall more from heights but males survive 
less among a geriatric population: insights from an 
American level 1 trauma center. BMC geriatrics. 
2019;19(1):238. doi: 10.1186/s12877-019-1252-
6. PubMed PMID: 31464582; PubMed Central 
PMCID: PMC6716940.

11. Sadeghi H, Ashraf A, Zeynali N, Ebrahimi B, A Jehu 
D. Balance and functional mobility predict low bone 
mineral density among postmenopausal women 
undergoing recent menopause with osteoporosis, 
osteopenia, and normal bone mineral density: A 
cross-sectional study. Geriatr Nurs. 2020;42(1):33-
6. doi: 10.1016/j.gerinurse.2020.10.020. PubMed 
PMID: 33221555.

12. Mert A, Buirma R, van Luijk J, Melkonian G, Pels 
J, Vermetten E. Development of a theory-based 
applied game for the treatment of Post-Traumatic 
Stress Disorder: proof of feasibility. Games for 
Health: Springer; 2013. 247-53.

13. Kayama H, Okamoto K, Nishiguchi S, Yamada 
M, Kuroda T, Aoyama T. Effect of a Kinect-based 
exercise game on improving executive cognitive 
performance in community-dwelling elderly: case 
control study. J Med Internet Res. 2014;16(2):e61-e. 
doi: 10.2196/jmir.3108. PubMed PMID: 24565806; 
PubMed Central: PMC3961700.

14. Sato K, Kuroki K, Saiki S, Nagatomi R. Improving 
walking, muscle strength, and balance in the elderly 
with an exergame using Kinect: A randomized 
controlled trial. Games Health J. 2015;4(3):161-
7. doi: 10.1089/g4h.2014.0057. PubMed PMID: 

26182059.
15. Kayama H, Okamoto K, Nishiguchi S, Yukutake T, 

Tanigawa T, Nagai K, et al. Efficacy of an Exercise 
Game Based on Kinect in Improving Physical 
Performances of Fall Risk Factors in Community-
Dwelling Older Adults. Games Health J. 
2013;2(4):247-52. doi: 10.1089/g4h.2013.0006. 
PubMed PMID: 26192228.

16. Parsa M, Rahimi A, Noorizadeh Dehkordi 
S. Studying the correlation between balance 
assessment by Biodex Stability System and Berg 
Scale in stroke individuals. J Bodyw Mov Ther. 
2019;23(4):850-4. doi: 10.1016/j.jbmt.2019.04.014. 
PubMed PMID: 31733771.

17. Ibrahim MS, Mattar AG, Elhafez SM. Efficacy 
of virtual reality-based balance training versus 
the Biodex balance system training on the body 
balance of adults. J Phys Ther Sci. 2016;28(1):20-6. 
doi: 10.1589/jpts.28.20. PubMed PMID: 26957722; 
PubMed Central: PMC4755968.

18. Collado-Mateo D, Dominguez-Muñoz FJ, Adsuar 
JC, Merellano-Navarro E, Gusi N. Exergames for 
women with fibromyalgia: a randomised controlled 
trial to evaluate the effects on mobility skills, 
balance and fear of falling. PeerJ. 2017;5:e3211-e. 
doi: 10.7717/peerj.3211. PubMed PMID: 28439471; 
PubMed Central: PMC5401622.

19. Sadeghi H, Hakim MN, Hamid TA, Amri SB, 
Razeghi M, Farazdaghi M, et al. The effect of 
exergaming on knee proprioception in older men: A 
randomized controlled trial. Arch Gerontol Geriatr. 
2017;69:144-50. doi:10.1016/j.archger.2016.11.009. 
PubMed PMID: 27923177.

20. Donoghue OA, Savva GM, Cronin H, Kenny RA, 
Horgan NF. Using timed up and go and usual gait 
speed to predict incident disability in daily activities 
among community-dwelling adults aged 65 and 
older. Arch Phys Med Rehabil. 2014;95(10):1954-61. 
doi: 10.1016/j.apmr.2014.06.008. PubMed PMID: 
24977931.

21. Shumway-Cook A, Brauer S, Woollacott M. 
Predicting the probability for falls in community-
dwelling older adults using the Timed Up & Go 
Test. Phys Ther. 2000;80(9):896-903. PubMed 
PMID: 10960937.

22. van Diest M, Stegenga J, Wörtche HJ, Verkerke 
GJ, Postema K, et al. Exergames for unsupervised 
balance training at home: a pilot study in 
healthy older adults. Gait Posture. 2016;44:161-
7. doi:10.1016/j.gaitpost.2015.11.019. PubMed: 
27004651.

23. Davies TC, Vinumon T, Taylor L, Parsons J. Let ’ 
s Kinect to Increase Balance and Coordination of 



43Women. Health. Bull. 2021; 8(1)

Virtual reality to reduce risk of fall

Older People : Pilot Testing of a Balloon Catching 
Game. Int J Virtual Worlds Hum Comput Interact 
2014;2. doi: 10.11159/VWHCI.2014.005.

24. Keogh JW, Power N, Wooller L, Lucas P, Whatman 
C. Physical and psychosocial function in residential 
aged-care elders: effect of Nintendo Wii Sports 
games. J Aging Phys Act. 2014;22(2):235-44. doi: 
10.1123/japa.2012-0272. PubMed PMID: 23752164.

25. Gil-Gómez J-A, Lloréns R, Alcañiz M, Colomer 
C. Effectiveness of a Wii balance board-based 
system (eBaViR) for balance rehabilitation: a pilot 
randomized clinical trial in patients with acquired 
brain injury. J Neuroeng Rehabil. 2011;8:30. 
doi: 10.1186/1743-0003-8-30. PubMed PMID: 
21600066; PubMed Central: PMC3120756.

26. Bainbridge E, Bevans S, Keeley B, Oriel K. The 
Effects of the Nintendo Wii Fit on Community-
Dwelling Older Adults with Perceived Balance 
Deficits: A Pilot Study. Phys Occup Ther Geriatr. 
2011;29:126-35. doi: 10.3109/02703181.2011.569053.

27. Van Diest M, Lamoth C, Stegenga J, Verkerke G, 
Postema K. Exergaming for balance training of 
elderly: state of the art and future developments. J 
Neuroeng Rehabil. 2013;10:101-. doi: 10.1186/1743-
0003-10-101. PubMed PMID: 24063521; PubMed 
Central: PMC3851268.

28. Sims J, Cosby N, Saliba EN, Hertel J, Saliba 
SA. Exergaming and static postural control in 
individuals with a history of lower limb injury. 
J Athl Train. 2013;48(3):314. doi: 10.4085/1062-
6050-48.2.04. PubMed PMID: 23675790; PubMed 

Central: PMC3655744.
29. Bateni H. Changes in balance in older adults based 

on use of physical therapy vs the Wii Fit gaming 
system: a preliminary study. Physiotherapy. 
2012;98(3):211-6. doi: 10.1016/j.physio.2011.02.004. 
PubMed PMID: 22898577.

30. Yeşilyaprak SS, Yıldırım MŞ, Tomruk M, 
Ertekin Ö, Algun ZC. Comparison of the effects 
of virtual reality-based balance exercises and 
conventional exercises on balance and fall risk in 
older adults living in nursing homes in Turkey. 
Physiother Theory Pract. 2016;32(3):191-201. doi: 
10.3109/09593985.2015.1138009. PubMed PMID: 
27049879.

31. Singh DKa, Rajaratnam BS, Palaniswamy V, 
Pearson H, Raman VP, Bong PS. Participating 
in a virtual reality balance exercise program can 
reduce risk and fear of falls. 2012;73(3):239-43. doi: 
10.1016/j.maturitas.2012.07.011. PubMed PMID: 
22884437.

32. Webster D, Celik O. Systematic review of 
Kinect applications in elderly care and stroke 
rehabilitation. J Neuroeng Rehabil. 2014;(3)11:108-
. doi: 10.1186/1743-0003-11-108. PubMed PMID: 
24996956; PubMed Central: PMC4094409.

33. Pompeu JE, Arduini La, Botelho aR, Fonseca MBF, 
Pompeu SMaa, Torriani-Pasin C, et al. Feasibility, 
safety and outcomes of playing Kinect Adventures!™ 
for people with Parkinson’s disease: a pilot study. 
Physiotherapy. 2014;100(2):162-8. doi: 10.1016/j.
physio.2013.10.003. PubMed PMID: 24703891.


