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Purpose: Exercise programs designed for falls prevention have been proven effective in
reducing falls by approximately 21%. Virtual reality may provide a viable alternative
intervention for falls prevention. This study compared the effects of virtual reality training
using the Balance Rehabilitation Unit (BRU) versus exercise using a modified Otago
Exercise Programme (EX) on improving balance and physical performance in the short-
term restorative care setting of the Gait and Balance Gym (Gabagym).

Patients and methods: This was a pre- and post-intervention study of 195 participants
(median age 78 years, IQR 73—84; 67% female) who presented with a risk and/or history of
falls. Participants were assigned to either EX (n=82) or BRU (n=63). Supervised sessions
occurred twice a week for 6 weeks. Participants receiving interventions were compared to a
separate group (n=50) with similar characteristics who did not receive any intervention.
Balance and physical performance were assessed at initial and final attendance and included
the 5 Times Sit to Stand (5STS) test, Timed Up and Go (TUG), gait speed and posturography
assessment using the BRU. Fear of falling was assessed using the Falls Efficacy Scale.
Handgrip strength and adherence were also monitored.

Results: Post-intervention, EX and BRU groups achieved similar improvements and
reported similar adherence rates (71% vs 72%, respectively). Both intervention groups
improved in balance and physical performance measures. Both interventions showed sig-
nificantly better improvement than the non-intervention group in TUG (p<0.001), gait speed
(»=0.021), limits of stability in posturography assessment (»=0.008), FES-I score (p=0.013)
and handgrip strength (p=0.021). Only the BRU group improved control of static posture in
the eyes closed (p=0.002) and foam eyes closed (p=0.006) tasks.

Conclusion: This study highlights the potential use of virtual reality as a practical alter-
native to improve outcomes of balance training for reduction of falls risk in older adults.
Keywords: posture, falls, fractures, virtual reality, exercise

Introduction

Falls and the often-resulting fear of falling are major causes of disability in older
adults by inducing reduced mobility and low quality of life." This is of concern
given that falls occur in approximately 30% of older adults® and are the leading
cause of hospitalized injury in this population.” Superficial injuries including
bruising and cuts are common outcomes of falls, with approximately 4% resulting
in a fracture (primarily attributed to osteoporosis).” In the first three months after

the hip fractures, 5-8 times higher mortality rate has been reported compared to
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those without hip fractures.* Falls and fall-related injury
evidently have an impact on individuals, family and their
caregivers not withstanding costs to society and the health
care system in general.’

Evidence of exercise for falls prevention is well
established,® with the Otago Exercise Programme (OEP)
being an example of a well validated falls prevention
program,’ which was initially designed as a home-based
protocol but is also being effectively used in community
programs.® However, adherence to exercise programs in
older adults is often low due to barriers including lack of
motivation,” enjoyment and fatigue.'®

Interestingly, a recent systematic review has found
higher adherence to technology-based programs'' includ-
ing use of the WiiFit, Balance Rehabilitation Unit (BRU),
and other computer-based systems. The BRU (Medicaa,
Uruguay) is a virtual reality system used in the assessment
and treatment of balance disorders by combining input
from a force platform and virtual reality glasses containing
a head tracker.'>”'” It has been validated and found to be
highly reliable when assessing balance in both younger
and older participants with vestibular disorders.'> BRU
has also been shown to be effective in reducing falls risk
in high risk older persons, with improved control of static
posture, reductions in measures for fear of falling and a
decrease in fall rates demonstrated.'® This study aimed to
provide further evidence for the effects of individualized
virtual reality training using the BRU on balance and
physical performance, and compare these results with a
group exercise program using a community-based OEP in
the clinical setting of the Gait and Balance Gym
(Gabagym). We hypothesized that BRU intervention
could not only improve static, but also transfer to dynamic
balance.

Materials and methods
Study population

This was a pre- and post-intervention study of 195 com-
munity-dwelling older adults. Study participants were
recruited from the local hospital, geriatricians and general
practices across 2 sites in western Sydney (NSW,
VIC,
Australia). All participants were recruited using the same

Australia) and western Melbourne (Sunshine,

criteria as follows: aged over 65 years and self-reported
balance deficits or a history of falls in the past year prior to
assessment. A fall was defined as an “an unexpected event
in which the participants come to rest on the ground, floor,

or lower level”.'"® Further inclusion criteria consistent
between the 2 sites included: being ambulant and able to
mobilize independently (including the use of walking
aids), absence of cognitive impairment (MMSE >24/30)
and capacity to understand and follow simple instructions.
Those who attended with a history of chronic disease
(such as cardiovascular disease, diabetes, arthritis and
osteoporosis) required clearance to exercise. Medical
clearance was attained from the general practitioner who
was provided with the American College of Sports
Medicine for absolute and relative contraindications for
exercise.'” Ethics approval was received from the
Nepean Blue Mountains Local Health District Human
Research Ethics Committee, and all participants provided
written and informed consent prior to assessment and
commencing their program. The study was conducted in
accordance with the Declaration of Helsinki (1983) stan-
dards. Data across the 2 sites were collected between
January 2013 and November 2015 (western Sydney) and
January 2016 to February 2019 (western Melbourne) with
the same individual conducting assessments and collecting
data using identical equipment.

Assessments

Baseline assessment was conducted at both sites and
involved an interview consisting of medical history, pre-
vious falls, symptoms and goals prior to taking part in the
physical performance and posturography assessments. The
Falls Efficacy Scale-International (FES-1)*® was adminis-
tered to determine the participants subjective fear of fall-
ing with respect to activities of daily living. Height was
measured with a stadiometer, and weight taken with a
Tanita digital scale (Tanita Australia, Kewdale, WA,
Australia). Body mass index (BMI) was calculated by
dividing weight by the square of height in meters. All
pre- and post-intervention assessments were conducted
by the identical accredited exercise physiologist who had
over 5 years of experience in developing interventions for
falls prevention and was not blinded to the groups.

Physical performance

Assessments conducted in the study were determined
based on factors including equipment required, time to
perform, simplicity and sensitivity to changes in balance
and physical performance. The assessments conducted
included 5 times sit to stand (5STS), timed up and go
(TUQG), 4 square step test (FSST), gait speed, and handgrip
strength.

submit your manuscript

1568

Dove

Clinical Interventions in Aging 2019:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Phu et al

In the 5STS, participants were asked to stand and sit
from a chair without any assistance or use of arms, 5 times
as quickly as possible with the time to complete assessed.
The chair was 40 cm in height, contained arm rests and
was standardized and kept consistent for both initial and
follow-up assessments. Participants were firstly instructed
not to use chair arms to stand one time, with inability to do
so marked as a failure to complete the test. Following
successful performance of one STS, they were instructed
to perform the test in full. A time of greater than or equal
to 15 s was used to indicate falls risk.*'

The TUG was completed from a chair 40 cm high (as
previously described), with participants asked to stand and
walk 3 m to a marked area at a normal pace, before turning
and returning to the starting position with the time to
complete measured. Participants were provided with 2
trials with the best time recorded. This study used a cut-
point of 13.5 s to determine falls risk.*

The 4-square step test assessed participants’ change of
direction ability, with participants asked to step in various
directions throughout a marked course over a 2-cm high
block. The test was conducted following the protocol
described by Dite and Temple,” with a time to complete
over 15 s indicating increased risk for falls. As with the
TUG, 2 trials were provided for this test and the best time
recorded.

Gait speed was assessed by having the participant walk
a distance of 6 m. A distance of 1 m was designated on
each side for acceleration and deceleration. Gait speed was
calculated using the time taken to walk the middle distance
(4 m) at a normal pace. Participants were provided with 3
trials with the best gait speed used.

Handgrip strength was assessed using a Jamar
Handgrip Dynamometer with the best of 3 trials recorded.

Posturography assessment

The posturography assessment was conducted using the
BRU and involved participants standing on the BRU plat-
form and undertaking several static tasks for 1 min. Tasks
included standing with: eyes open (firm surface) (EOEA);
eyes closed (firm surface) (ECEA); standing on foam with
eyes closed (FECEA); performing a saccadic task (SEA)
and exposure to 2 visual-vestibular interaction tasks
(VVIEA). The posturography assessment was completed
within 30 mins. On completion, a posturography report
was generated providing information regarding the limits
of stability (cm?), ellipse area/center of pressure area (ecm?)
and sway velocity (cm/s) for each completed task. Limits of

stability refers to the area in which an individual is able to
shift his/her center of mass whilst maintaining balance and
without changing the base of support (foot position), and is
positively correlated with static balance, with older adults
often presenting with reduced areas.”* Center of pressure
and sway velocity measures were task-dependent, providing
an insight into the individual’s control of posture according
to the balance system (visual, vestibular, proprioceptive)
assessed. Participants displaying reduced limits of stability
and larger center of pressure and sway velocity were iden-

tified as having greater balance impairment.

Training modes

Participants were placed into either exercise (EX) or vir-
tual reality training (BRU) groups according to their initial
assessment performance. Factors considered included
patient safety, falls risk in a group exercise setting, med-
ical history, performance in physical and balance assess-
ments and clinical judgment. Participants with balance
impairment (limits of stability below 170 cm?) and bal-
ance-related symptoms (ie, dizziness) were assigned to the
BRU group. Both interventions were undertaken twice a
week for 6 weeks, for a total of 12 sessions. Participants
were assessed before and after completing the training
program. Sessions were conducted and supervised by an
accredited exercise physiologist who had received training
in the modified OEP and BRU system.

Exercise program

Those assigned to the exercise program undertook a 60-
mins session which was based on the OEP, with exercises
individually progressed. The OEP is a home-based exer-
cise program which was designed to prevent falls in com-
munity dwelling older adults through strength and balance
training. It has been previously validated in numerous
studies, with significantly reduced falls and mortality
demonstrated.”> In our Gabagym program, the OEP was
modified where exercises were completed in a group set-
ting following a circuit style, including a warm up and
cool down pre/post exercise, and various stretching exer-
cises. Additionally, the program duration was matched to
that of the BRU program to ensure consistency in inter-
vention programs. The group setting for exercise was
chosen to allow for greater numbers of participants to be
treated in a social environment to enhance adherence and

has been proven as an effective mode of intervention.*®
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Virtual reality balance training

Virtual reality balance training was completed using the BRU
system’s preloaded programs for postural training and reha-
bilitation. BRU training followed a previously established
protocol which included a rehabilitation component in addi-
tion to postural training games with each session lasting 30
mins."? Briefly, the BRU software allowed for the creation of
rehabilitation exercises according to individual needs which
were based on exercises performed in the posturography
assessment. Rehabilitation exercises included tasks per-
formed standing with virtual reality headset on whereby the
visual and vestibular systems were stressed and could be
customized according to the participant’s needs and ability
to tolerate the training stimulus. Variables which could be
modified included time of exposure, rate/frequency and sur-
face. Postural training exercises were used to develop limits
of stability, with 3 exercises performed requiring participants
to move their center of mass to collect rings/blocks through a
course within a given amount of time. Each of the 3 postural
training exercises contained 15 levels of varying difficulty.
Participants undertook a combination of rehabilitation and
postural training exercises, with approximately 15 mins spent
in each. Sessions were tailored to each individual, with
progression achieved by increasing the level of difficulty or
time of exposure for each exercise.

Non-intervention group

Participants in the group who did not receive BRU or EX
were recruited from western Melbourne between January
2016 and February 2019 and fulfilled the inclusion criteria
as previously described. As with the intervention groups,
these participants were recommended to attend the EX or
BRU programs; however, they did not. Participants under-
took the same assessments as the intervention groups using
identical equipment and were provided with education
regarding their falls risk. At follow-up, participants did
not report performing any form of exercise.

Statistical analysis

The majority of data obtained from participants were not
normally distributed; therefore, median and interquartile
ranges are presented for all measures to ensure consis-
tency. Baseline characteristics are presented as frequency
(percentage) for categorical variables and median (inter-
quartile range) for continuous variables. Between-group
differences were assessed using Fisher’s exact tests and
Kruskal Wallis test due to non-normal distribution of con-
tinuous variables.

General estimating equations were used to examine the
changes within groups with an interaction term between time
and group to evaluate whether the effect of intervention
differed. All variables with the exception of gait speed
required log transformation. Statistical analyses were con-
ducted using Stata 13.1 (StataCorp. 2013. Stata Statistical
Software: Release 13. College Station, TX: StataCorp LP.).

Results

Data from 195 participants were collected in our analysis
(median age 78 years, IQR: 73-84, 67% female). After the
initial assessment, 63 (32%) participants were allocated to
the BRU group and 82 (42%) participants undertook exer-
cise-based balance training. The non-intervention “con-
trol” group contained 50 participants (26%).

The baseline characteristics for each group are shown
in Table 1. No significant between-group differences were
found at baseline for demographics, physical and posturo-
graphy measures except for the mobility assessments,
where those in the exercise group performed better com-
pared to the control and BRU groups for the TUG
(»=0.029 and p=0.002, respectively) and gait speed
(»=0.004 and p=0.001, respectively).

After completing the program, the intervention groups
showed a significant improvement in performance for all
physical performance and subjective measures (5STS, TUG,
FSST, gait speed, FES-I and handgrip strength), whereas the
control group did not report improvements in TUG, FES-I
score and handgrip strength (Table 2). Significant differences
between the 3 groups for physical performance and fear of
falling (TUG, gait speed, FES-I score and handgrip strength)
were evident (Table 2), with a comparison of groups shown in
Figure 1. In balance measures, both intervention groups
achieved significant improvements of at least 20% for limits
of stability (BRU p<0.001, EX p=0.01) and FECEA tasks
(BRU p=0.006, EX p=0.04), with small but non-significant
changes observed for the control group (Table 3). Only the
BRU group achieved significant gains in ECEA task
(»p=0.001). No significant differences were observed for the
EOEA and SEA tasks (Table 3). A comparison of changes
between groups can be found in Figure 2.

Adherence was similar between the 2 intervention
groups, with the EX group recording rates of 72% com-
pared to the BRU group of 71%.

Discussion
With the emerging and increasing use of technology in the
exercise and rehabilitation setting, the aim of this study
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Table | Baseline characteristics of included participants reported as median (IQR)

Baseline characteristics BRU, N=63 Exercise, N=82 Control, N=50 Between-group p-value
Age, y 79 (74, 84) 76 (71, 82) 79 (72, 82) 0.37
Sex 0.55
Male, n (%) 19 (30.2) 31 (37.8) 15 (30%)
Female, n (%) 44 (69.8) 51 (62.2) 35 (70%)
Body mass index, kg/m? 27.0 (25.0, 31.0) 27.0 (23.5, 31.0) 28.5 (24.1, 32.6) 0.60
Handgrip strength (kg) 19 (16, 25) 20.5 (17, 27) 22 (16, 28) 0.42
5 Sit to Stand, s 21.1 (16.9, 28.8) 18.5 (15.4, 26.4) 17.8 (14.8, 22.9) 0.11
Timed Up and Go, s 15.0 (11.8, 19.4) 11.9 (10.0, 15.8) 16.0 (10.2, 21.8) 0.005
Gait Speed, m/s 0.78 (0.58, 0.91) 1.03 (0.80, I.13) 0.80 (0.52, 0.98) 0.002
Limits of Stability, cm? 111 (80, 144) 132 (91, 156) 126 (53, 161) 0.55
Falls Efficacy Scale — International (l16-64) 34 (27, 39) 33 (25, 41) 32 (24, 43) 0.93

Abbreviation: BRU, balance rehabilitation unit.

was to evaluate the effects of a virtual reality system on
balance and physical performance in community-dwelling
older adults compared to a modified OEP”** in the short-
term restorative care setting of the Gabagym.

BRU has been previously described as a form of train-
ing which stresses the balance and visual-vestibular sys-
tems in a manner which is not physically taxing.'’ In
addition to this, the one-on-one nature of BRU allowed
participants to receive individually tailored treatment for
their balance deficits, which may further enhance improve-
ments and adherence. A recent systematic review sug-
gested inconclusive effects of virtual reality on physical
function; however, the majority of studies included in the
review used the Nintendo Wii gaming console which is not
specifically designed for balance training as the BRU
system is.>” This study highlights the effectiveness of the
virtual reality BRU system in improving static and
dynamic balance, and physical performance in commu-
nity-dwelling older adults. Improvements in posturography
mirrored that of an earlier study which also found reduced
fear of falling and fall rates over a 9-month period."
However, the previous study did not provide a comparison
to other validated programs for falls prevention such as
our modified OEP. In addition to the improved posturo-
graphy, this study also found significant gains in physical
performance such as handgrip strength, 5STS, TUG, FSST
and gait speed. This may suggest that BRU training, which
is static in nature, may have translatable improvements to

dynamic balance.

The use of exercise as an intervention for falls prevention
has been well established in the research, including a
Cochrane review finding that the most effective program
for fall prevention was multi-component, including the use
of strengthening and balance training programs.” Program
design is particularly important with recommendations stat-
ing that exercises with a moderate or high balance challenge
should be undertaken a minimum of 2 hrs per week on a
continuing basis.*?® The exercise program used in this study
adhered to well-established recommendations’ which may
explain the significantly improved physical performance and
posturography results. Of note is the fact that the BRU group
was able to achieve similar physical improvements to that of
the EX group, despite halved training time. This was surpris-
ing given the nature of BRU training and may be explained
by potential ceiling effects in the EX group considering the
baseline significant differences in TUG and gait speed.
Despite the similar improvements, there is a possibility that
the EX group may have achieved greater improvements
which were not evident due to baseline imbalances caused
by a non-random allocation.

Poor falls efficacy and low confidence in balance can
inhibit the performance of activities of daily living, lead to
cycle of reduced physical capacity, loss of independence
and further falls.?® Our study utilized the FES-I as a
measure of the impact fear of falls presents on completion
of daily activities and falls efficacy. We found a significant
reduction in the FES-I in both groups of at least 10%

which was similar to the modest impacts of exercise
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Figure | Percentage change for handgrip strength, five time sit to stand (5 STS), timed up and go (TUG), four square step test (FSST) and falls efficacy scale (FES-I)
assessments. Absolute change included for gait speed. p-values for comparisons between pre and post intervention are listed on the right hand side for each intervention.
Significant difference was found between the exercise and BRU groups compared to control (non-intervention) for handgrip strength, TUG, gait speed and fear of falling

(FES-I) assessments.

reported in a recent systematic review.”’ Despite the larger
absolute improvements for the majority of physical per-
formance measures in the exercise group, no between-
group differences were evident with BRU, suggesting
that BRU may be as effective as exercise in improving
physical performance and falls risk in older adults.

Limitations

There were several limitations to this study. Firstly, given
the observational nature of the study, we did not control
for activities performed in addition to the supervised

sessions including exercise. Hence, it was possible that
participants were able to increase their activity levels as
their physical performance and fear of falling improved,
resulting in further increases post intervention.

Secondly, participants were not randomized, but the
group allocation was based on initial balance and physical
performance assessment. Given this study did not rando-
mize the allocation of participants to intervention, there is
the possibility for the introduction of bias to the results due
to the occurrence of regression to the mean. Regression to
the mean is a concern for all studies which include
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Figure 2 Percentage change for the posturography assessment results for limits of stability (LOS) and ellipse areas for the following tasks: eyes open (EOEA), eyes closed
task (ECEA), foam eyes closed (FECEA), saccadic (SEA), visuo-vestibular interaction (VVIEA). p-values for comparisons between pre and post intervention are listed on the
right hand side for each intervention. Although the BRU group reported larger and more significant changes, only improvements in limits of stability were significantly

different between groups.
Abbreviation: BRU, Balance Rehabilitation Unit.

repeated measures whereby random error at assessment
may result in the incorrect interpretation of results. As
this study could not address regression to the mean by
randomizing participants to groups, we have ensured that
the assessment results would accurately reflect perfor-
mance through the use of multiple trials for each assess-
ment to allow for familiarization, followed by recording

the best performance in each trial as opposed to the mean.

In some ways, this has reduced the significant difference
between groups for all assessments (with the exception of
TUG and gait speed). Despite this, groups were well
balanced on demographic, physical performance and clin-
ical characteristics. In addition, the control group which
was included was recruited from a different population
(western Melbourne). This may be a confounding factor;
however, the inclusion criteria and baseline characteristics
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were largely consistent between groups with no significant
differences between groups at baseline for the majority of
measures.

Third, the cross-sectional short-term nature of this
study did not allow us to quantify falls in the long term,
which could be a potential outcome in future longitudinal
studies. As a strength of this study, we have tested a new
technology specifically designed to measure and treat bal-
ance in a population of participants at high risk of falls and
fractures. In addition, few studies can offer the breadth of
physical performance and clinical characteristics available
in this study for use in understanding the effect of virtual
reality on falls risk.

Conclusion

Falls prevention programs involving the use of exercise
have been extensively studied in the literature and shown
to be effective. The findings of our study have demon-
strated the potential benefits of virtual reality balance
training on balance and physical performance, factors
important for falls prevention. When compared to OEP,
the BRU was found to produce similar results to that of
exercise. Given that there is often a void in short-term
restorative care programs providing treatment between an
individual having a fall and returning to daily life in the
community, this study provides a basis for future research
by highlighting the possibilities of virtual reality balance
training to improve balance and physical performance, to a
similar degree as traditional exercise. This may particu-
larly benefit those who present with contraindications for
or are reluctant and/or non-adherent to conventional exer-
cise programs.
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