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ABSTRACT

Background: The aging population is growing and reduction in physical activity is an
important problem that particularly causes impairment in balance and increased risk of
falling. Older adults find routine exercise programs to be challenging in improving balance.
Virtual reality systems done with non immersive devices have shown positive results in
improving balance and reducing fall risk but they are found to be less beneficial and has
practical constraints such as portability and distractions from environment than immersive
virtual reality (IVR) system. This study intends to analyse the effect of IVR training on
balance in elderly population.

Methods: Fourty four older adults were assigned to either the IVR training group with
oculus quest 2 device or conventional balance training group. The outcome measures used
were Berg balance Scale (BBS), Timed up and go test ( TUG), Multidirectional reach test
(MDRT) and Fall efficacy scale International(FES-I).

Results: Paired t test showed significant difference in all parameters except TUG in IVR
group whereas conventional balance training group showed only in TUG and MDRT forward.
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Unpaired t test showed IVR group improved significantly in balance parameters BBS, MDRT
Forward, right, left and FES-I (p<0.05) than conventional balance training except TUG.

Conclusion: The findings of this study demonstrates potential benefits of IVR training on
balance parameters and reduction in fall risk. IVR training is a safe and well-accepted
effective intervention with enjoyable option which can be included in the standard practice
of care in elderly population.

Keywords — elderly, balance, fall, fall risk, fear of fall and virtual reality

INTRODUCTION

Elderly population is defined as people aged 60 and above and they account for more than
one fifth of the population globally. There were nearly 138 million elderly persons in 2021 in
India which is expected to grow to almost 194 million in 2031 that needs to be addressed
from a public health perspective [1]. Aging is one of the key risk factors for impaired
mobility due to physical, sensory, and cognitive changes which can lead to fall and fear of
fall [2].

Aging affects the functioning of all systems of the body such as cognition, vision,
musculoskeletal function, vestibular and proprioception [3]. Age-related disturbances to the
central nervous system and neuromuscular system result in a progressive decline in physical
and psychological health causing neuromuscular deficits such as reduced muscle power,
strength, speed and coordination which leads to impaired balance and reduced physical
performance [4,5]. In addition, the elderly population are present with poor postural
control, diminished body orienting reflexes and incoordinated gait patterns which affects
the height of stepping and impaired ability to avoid falls after an accidental trip or slip.
Impaired balance and reduced physical performance can lead to falls and an increased risk
of falls up to 60% [6].

Balance is defined as the consistency of the body maintaining its line of gravity within its
base of support which is achieved and maintained by a complex integration of multiple
sensorimotor systems that include sensory inputs from vision, proprioception and vestibular
systems along with feedback from the motor component from musculoskeletal system [7].
Impaired balance in elderly people can lead to fall and fear of fall which results in
hospitalisation due to serious health issues such as fractures, joint dislocation, traumatic
brain injury, spinal cord injury and disability. Fear of fall leads to activity limitation, anxiety
about normal activities, decreased mobility, and increased dependence [8]. Fall and fear of
fall can cause restricted activities of daily living, reduced quality of life and finally leading to
a sedentary lifestyle [9].
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Literature states that multi-component exercise and balance training programs appear to be
the most effective intervention for improving balance and preventing falls [10]. Exercise
programs promise effective fall prevention strategies by improving strength, endurance and
body mechanics and thereby improved balance, physical function and a significant reduction
in falls in the elderly [11]. Although the benefits of physical activity and exercise are widely
acknowledged, elderly individuals remain sedentary since they face several internal and
external barriers such as health, environmental factors and individual motivation which
makes elderly challenging to participate in and practice physical exercise programs [12,13].

With the emerging and increasing use of technology in the rehabilitation setting, many
researchers are exploring the effectiveness of virtual reality (VR) as an assessment and
rehabilitation tool. VR systems use computer interfaces to provide immersion, simulation
and interactions to participants in virtual interactive environments with a high degree of
realism provided through the senses [14]. VR allows users to gain real life-like experience
without exposing them to risks, thereby VR game based training improves functional
outcomes of individuals who have impaired physical and/or cognitive abilities [15,16].

VR system provides the participant with multisensory feedback such as visual, auditory and
tactile which are repetitive and task-specific in nature through gaming. VR systems deliver
effective cognitive and neuromuscular training with entertainment value, thereby allowing
the patient to exercise more regularly, effortlessly, and effectively [17]. Non-immersive VR
devices are systems of choice which use external screens for projection for the participants
to provide virtual environment. Newer systems are using immersive virtual reality (IVR)
devices which has portable head-mounted displays with larger stereoscopic visual fields
which are updated continuously using head position and rotation [18].

Previous studies on VR have shown positive results in outcomes such as Berg balance scale
(BBS), Timed up and go (TUG) and Fall efficacy scale International (FES-1), thereby improved
balance, reduced falls and fall risk in elderly with balance deficits which are mostly done on
non-immersive VR systems [19]. They are found to be less beneficial and has practical
constraints such as portability and distractions from the environment than IVR system which
are portable and provides more realism, simulation and interactions in virtual environments
[9,20]. In addition, participants using IVR systems perform better in cognitive functions
[21,22]. Considering the benefits of VR and the lack of adequate evidence in IVR systems on
balance in the elderly, this study intends to analyse the effectiveness of IVR on balance
parameters with BBS, TUG, Multidirectional reach test (MDRT) and fall risk with FES-I in
older adults.

Subject recruitment:
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The study was conducted in old age homes in Chennai, Tamilnadu. 32 male and 12 female
participants aged 60 years and above who were able to comprehends to command with a
BBS score of 35-40 and corrected visual and auditory impairment were included in the
study. Individuals with neurological or musculoskeletal diagnosis that could account for
imbalance or fall and history of more than two falls in the past six months were excluded
from the study.

Instrumentation

Immersive virtual reality system:

IVR system is defined as an advanced form of human-computer interfaces which allows
the user to immerse and interact in virtual environment that reflects real life
experience. These computer interfaces provide immersion, simulation and interactions to
participants in virtual interactive environments with a high degree of realism provided
through the senses. In this study a computer based IVR system oculus quest 2 was used. The
device consists of a wireless head mount which provides visual and auditory feedback which
are updated continuously using head position and rotation. A wireless Joystick for both
hands which provides tactile feedback and tracked through infrared cameras in the head
mount. The IVR system can be handled by self or instructor and mirroring to external device
is also possible. This device has many games which are task specific and progressively
challenging.

Figure 1: Immersive virtual reality system

Berg balance scale:

BBS is a tool that primarily used to evaluate both static and dynamic aspects of balance
including independent sitting, standing, transfers, reaches in all directions and single-leg
standing. BBS has excellent test-retest reliability and interrater/intrarater reliability
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(1ICC=0.97)] [23,24]. It is a 14-item test with a five-point likert scale for each item that
ranges from 0 to 4 with 4 denoting the greatest level and 0 denoting the lowest level the
test can be finished in around 15 minutes.

Timed up and Go test:

TUG test is a simple outcome measure predominantly assesses the dynamic balance
and likelihood of falls in the elderly population with excellent test-retest reliability (ICC
= 0.97) [25,26]. The patient is asked to sit in the chair and then stand up, walks three
meters at moderate speed, turns around, and then return to the chair and seat down.
When the patient receives instructions, the clock begins, and it stops when they are
seated back.

Multidirectional reach test:

The MDRT is a clinical assessment test that determines a person's maximum voluntary reach
in the anterior-posterior and medial-lateral directions while they are standing with their feet
and shoulder-width apart. MDRT has excellent test-retest reliability (ICC =0.75) and
internal consistency [24,27]. When standing, while maintaining a fixed base of support,
measure the distance between the length of maximum reached arm in forward, right,
and left side.

The falls efficacy scale international:

FES-1 is a simple tool for measuring fear of fall. A 16-item survey with a score ranging
from a minimum of 16 which represents no fear of falling and to a maximum of 64
which represents severe fear of falling. FES-I has excellent test-retest reliability
(ICC=.96) and internal consistency [28,29]. The participants are instructed to rate their
level of fear about falling during an activity on a Likert scale of 1 to 4, with 1
representing no fear at all and 4 representing extreme fear.

PROCEDURE

Participants who met the inclusion criteria were assigned to either the IVR training group or
conventional balance training group by lot method after receiving the informed consent.
The baseline measurements of BBS for static balance, TUG for dynamic balance, MDRT for
limits of stability and FES-I for fear of falls were taken.
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The two groups underwent a 4-week program with three sessions per week. Each session
consisted of 5 minutes of warm-up and 30 minutes of training. The conventional balance
training group was trained with a combination of mobility, weight shifting, strengthening
and multiple reach exercise. IVR training group was trained using IVR gaming using oculus
quest 2 device. The games were task-specific and allow participants to move
multidirectional. All participants were guarded by a physical therapist with a gait belt in the
event of loss of balance. Adequate education about the device was given. The physical
therapist handled the controls of the IVR device. A chair was available for rest periods if
participants required a break. All safety precautions was taken to prevent the spread of
COVID 19. After the 4 weeks program both the groups were assessed with same outcome
measure.

IVR training
* Deep breathing exercise — 5reps/3 sets
* Neck, shoulder, elbow, hip, knee and ankle range of motion exercises —

10reps/set
Game Description Duration
. Getting adapted to IVR headset )
First steps . 5 mins
and its controls
Multiple goal-oriented reaches .
Beat saber . 10 mins 407
with arms
Trunk mobility with vestibular .
Roller coaster o 5 mins
training
Multiple goal-oriented reaches .
FITXR . 10 mins
with whole body movements

Conventional balance training

Exercise Repetition

Deep breathing exercise Sreps/2 sets

Neck, shoulder, elbow, hip, knee and

. . 10reps/set
ankle range of motion exercises
Forwards and sidewards walking 10steps/2sets
Single leg standing 10counts/2sets
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Sit to stand 10 reps/2sets

Multiple reaches in sitting and standing 10counts/2sets

Back leg raises with support 10counts/2sets
Side leg raises with support 10counts/2sets
Partial squatting with support 10counts/2steps
Tandem walking 10steps/2sets
Step up 10counts/2steps

Figure 2 and 3: Participant receiving IVR game based balance training
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Consort flow diagram

Elderly screened for eligibility
Enrollment (n=70)
Excluded (n=21)
Not meeting inclusion criteria
(n=19)
*  Visual/auditory
impairment,
*  Musculoskeletal/
Neurological disorder
Declined to participate (n=2)
v
| . .
Allocated to Control Group (n=25) ) Allocated to interventional group
[ Allocation ] (n=24)
410
v
Lost to follow-up (n=3) Lost to follow-up (n=2)
. *  Medical issue
e Shifted to other Old age home o ..
o Follow-Up * Not willing to participate from
e Medical issue ond
| | week
Analysed (n=22) Analysed (n=22)

[ Analyvsis ]

Ethical approval

This research related to human use has complied with all the relevant national regulations
and institutional policies, has followed the tenets of the Declaration of Helsinki, and has
been approved by the Ethics Committee of Sri Ramachandra Institute of Higher Education
and Research (CSP/22/APR /109/309).

Informed consent
Informed consent has been obtained from the all individuals included in this study.
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STATISTICAL ANALYSIS AND RESULTS

Statistical analysis was done with SPSS version 21.0. The values of BBS, TUG, MDRT and FES-I
was used for data analysis. Paired t test was used to find out differences within the group

and unpaired t test was used to find out differences between the groups.

In this study data from 44 participants were analysed, the baseline characteristics for each

group are shown in Table 1. No significant between-group differences were found at

baseline. Paired t test showed that conventional balance training group improved

significantly in TUG and MDRT forward and IVR training group improved significantly in BBS,
FES-I, MDRT forward, right and left at p<0.05. (Table 2) Unpaired t test showed IVR training
group improved significantly in balance parameters such as BBS, MDRT forward, right, left

and FES-I (p<0.05) than conventional balance training group except TUG. (Table 2)
Table 1 : Baseline characteristics

MEAN MEAN
CONTROL (SD) INTERVENTIONAL (SD)
AGE 66.33(6.51) 69.44(6.66)
GENDER M/F 15/7 17/5
BBS 37.72(1.88) 37.77(2.11)
TUG 18.63(1.32) 18.68(2.27)
FES-I 40.95(1.70) 40.54(1.84) 411
MDRT FORWARD 5.52(1.31) 5.8(1.34)
MDRT RIGHT 5.08(1.11) 4.63(1.22)
MDRT LEFT 4.64(1.28) 4.24(0.98)
Table 2: Comparison of BBS, TUG, FES-I and MDRT within the groups and
between the groups
Within the groups Between
the
Control (n = 22) Interventional (n =22)
Outcome groups
Pre Mean Post Mean Pre Mean Post Mean
(SD) (SD) p value (SD) (SD) p value | pvalue
BBS
37.72(1.88) | 39.22(4.36) 0.746 37.77(2.11) | 42.40(2.03) | <0.001* | 0.003*
TUG
18.63(1.32) | 16.54(1.71) | <0.001* | 18.68(2.27) | 17.27(2.62) | 0.080 0.288
FES-I 40.95(1.70) | 39.86(2.56) 0.093 40.54(1.84) | 35.36(2.05) | <0.001* | <0.001*
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MDRT
5.52(1.31) | 7.36(1.23) <0.001* 5.8(1.34) 9.07(1.41) | <0.001* | 0.001%*
FORWARD
MDRT RIGHT | 5.08(1.11) 6(1.87) 0.601 4.63(1.22) | 7.59(0.95) | <0.001* | 0.009*
MDRT LEFT | 4.64(1.28) | 5.45(1.52) 0.921 4.24(0.98) | 7.43(0.88) | <0.001* | <0.001*
Paired and Unpaired t test p < 0.05* significant
412
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Figure 6: Comparison of BBS, TUG and FES-I

between the groups
BBS TUG FES-I

H Control M Interventional

45

40

35

30

25

20

15

10

Figure 7 : Comparison of MDRT between the groups 413
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DISCUSSION

The consistency of the body in maintaining its line of gravity within the base of support
continuously plays a vital role in preventing falls and serious injuries. VR is one of the
most valuable applications with technology in the domain of rehabilitation playing an
important role in rehabilitating physical and cognitive system [30]. In this study we have
assessed the effectiveness of IVR on balance, fall and fear of fall in elderly population where
32 males and 12 females participated.

IVR system stresses the balance and multisensory sensory systems of body under safe and
closely supervised environment which is not physically exhausting compared to usual
balance training exercises. An additional advantage of this system is that they also train
cognitive function by engaging the patient with entertainment value which motivates the
elderly population to exercise regularly, effortlessly and effectively through IVR gaming.
Participants in both the groups were trained with components which include progressive
change in the base of the support, dynamic movements that changes the centre of gravity
and strengthening to postural control muscles .

The IVR games demands and allows maximal use of active movements of all joints and
muscles at higher rate which could have brought improvement in the muscle strength
thereby balance in elderly population. The baseline mean BBS score of conventional balance
training and IVR training group was 37.72 and 37.77 respectively which shows that they
would have had increased risk of falls as shown by the study done by Viverio et.al, 2019
[31]. The post intervention value of BBS shows a change of 39.22 and 42.40 in conventional
balance training and IVR training group respectively which shows a significant improvement
in balance parameters (p<0.05) especially in components of standing unsupported, sitting to
standing, transfers and reaching forward.

The minimal detectable change of BBS with an initial score of 35-44 in elderly population
requires 5 points change as studied by Donoghue and stokes 2009. This true change in BBS
scores is seen only in the IVR training group and this is concordance with the study done by
Noorolla et.al 2021 where the participants were trained with non-immersive VR system
which showed improvement in mean score of balance, as BBS was enhanced among elderly
people after the intervention. The findings revealed that receiving visual feedbacks in virtual
environment could lead to the increased awareness of their balance control and enhanced
self- efficacy [9].

Limits of stability determines the maximal voluntary reach which is prerequisite for
functional mobility and prevention of falls. Games played by the participants allowed them
to stretch their limits of stability in all directions than of conventional balance training
making the participant to train for their maximal potential. The baseline mean MDRT score
of conventional balance training and IVR training group was 5.52 and 5.8 in forward, 5.8 and

el55MN 1203-5150 @
WANW. NEUroq uantology.com

414



NeuroQuantology| January 2023 | Volume 21 | Issue 1 | Page402-418 | doi: 10.48047/ng.2023.21.01.NQ20031
MUGUNDAN LAZAR / EFFECT OF IMMERSIVE VIRTUAL REALITY ON BALANCE IN ELDERLY POPULATION

4.63 in right and 4.64 and 4.24 in left respectively which shows that they have reduced
limits of stability when compared to normative values for elderly population leading to fear
of fall as denoted by the study Newton, 2001 [27]. Maximum difference was seen in MDRT
forward when compared to normative values which could result in increased fear of forward
reach with planned activities.

The post interventional mean MDRT score of conventional balance training and IVR training
group shows a change of 7.36 and 9.07 in forward, 5.45 and 7.59 in right and 5.45 and 7.43
in left respectively which shows significant improvement in interventional group (p<0.05),
thereby improved limits of stability in all directions which prevents fall episodes. This is
supported by the study Holbein et.al 2007 which addresses limits of stability as valid
indicator for the balance and fall risk which could be useful in predicting posture, movement
and compensatory stepping reactions [24].

VR gaming gives real life experience with a continuous change in the direction, speed and
spontaneity of movements which are mentally and physically challenging for the
participants [32]. As a result, post training the participant achieves increased information
processing, body balance control and increased confidence resulting in reduced fear of fall.
FES-I scores has shown significant change in IVR training group from 40.54 to 35.36
(p<0.001) which could be due to reduced fear of fall, increased awareness of body and
enhanced self-efficacy thereby improving functional well-being and active lifestyle in elderly
population [33].

TUG test predominantly projects the dynamic balance which is found to be significant in
conventional balance training than IVR training group which is probably due to gaming
techniques. IVR games played by the subjects were confined to a specific diameter whereas
the conventional balance training group were trained for walking in all directions which
could have improved TUG values. A study done by Steven Phu et al., 2019 in older adults on
VR showed similar improvements in balance parameter and fall risk as assessed with TUG
and FES-I on both control and intervention group which is in contrast with the finding of this
study [34].

IVR balance training in elderly population has shown better improvements in balance
parameters such as BBS, MDRT and reduction in fall risk with FES-I. IVR training is a safe and
well-accepted effective intervention with enjoyable option for elderly population that could
become a successful intervention for falls prevention in elderly in the near future.

CONCLUSION

The findings of this study demonstrates potential benefits of IVR balance training which has
shown improvements on balance parameters such as BBS, MDRT and reduction in fall risk
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with FES-I. IVR training is a safe and well-accepted effective intervention with enjoyable

option for elderly population that could become a successful intervention for fall prevention

in elderly in the near future.
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