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Main Points

* VRT significantly improved the over-

all balance in elderly individuals,
as measured by Balance Evaluation
Systems Test (BESTest) scores com-
pared to conventional training
alone.Marked improvements were
seen in reactive balance and gait
stability (Sections 4 and 6), indicat-
ing better dynamic postural control
which may in prevention of falls in
the elderly.

VRT is a safe and effective adjunct
therapy, offering a multisensory
feedback which can be used in fall
prevention strategies.
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ABSTRACT

Objective: Falls in the elderly are significantly linked with morbidity, mortality, and healthcare costs; hence, it is
important to treat the balance deficits in these older adults. In recent times, virtual reality (VR) has developed rapidly
and is a promising tool in rehabilitation. However, research on virtual reality training (VRT) programs lacks method-
ological consistency, and their interventions and outcomes have produced contradictory results. Furthermore, there
is a significant research deficit in the benefits of VRT, notably on balance in older persons in the Indian population.
Hence, the current pilot study was done to see the effect of VRT on balance in older adults using the Balance Evaluation
Systems Test (BESTest) scale. Hence, the objective of this study was to find the effect of VRT on balance in the elderly.

Methods: The study was conducted in a Tertiary hospital and geriatric centre, Pune, India. The study duration was from
December 2020 to January 2022. A pretest-posttest study was conducted with 30 healthy participants aged 65-85 years.
They were divided into 2 groups, 15 in each group: control and experimental. Both groups received 30 minutes of con-
ventional balance treatment, and the experimental group additionally received 10 minutes of VRT. A pre-assessment
was conducted using BESTest (Balance Evaluation Systems Test) for both groups on day 1, followed by the intervention,
and a post-assessment was conducted after 4 weeks. The intervention was given 3 times a week for 4 weeks.

Results: The mean age of the participants was 69.66 * 5.67 in the VRT group and 71.2 + 5.12 in the control group.
Statistical analysis showed a significant difference in the BESTest scores in both groups after intervention P < .05). There
was a significant difference in the BESTest scores when compared between the groups. This shows that VRT substan-
tially improved balance in the elderly.

Conclusion: This pilot study concludes that VRT significantly impacts balance in the elderly using the BESTest scale.

Keywords Aging, balance, BESTest scale, elderly, virtual reality

Introduction

Balance is an essential part of daily activities, which helps an individual to help elderly individuals in their
day-to-day activities. As age advances, various physiological changes occur, including decreased muscle
strength, sensory perception, and coordination, which can influence the balance in older adults and thus
increase the fall risk." Falls in the aged are significantly linked with morbidity, mortality, and healthcare
costs; hence, it is important to treat balance deficits in these older adults. The undesirable shift in position
that ends on the ground or a surface lower than the ground is sometimes referred to as a fall.2* One in
every 3 adults over 65 and 1 in every 2 over 80 falls at least once every year.*
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In recent times, virtual reality (VR) has developed rapidly and is a
promising tool in rehabilitation. The immersive technology of VR
creates a realistic environment for an individual, offering interactive
environments and challenging exercises that can help improve bal-
ance and mobility.> Immersive technology can provide real-time feed-
back and adjustments, facilitating motor learning and sensorimotor
integration.® Additionally, VR interventions can be designed as per
the individual’s needs, offering specific rehabilitation programs.” As
rehabilitation takes place in a controlled environment, virtual reality
training (VRT) is safer for elderly individuals compared to traditional
methods of training.®

Most of the balance measurement instruments are used in the popu-
lation with balance problems, but they lack the ability to identify the
underlying postural problem.®' The BESTest balance tool was designed
to determine which underlying postural control systems might be in
charge of inadequate functional balance so that the rehabilitation pro-
gram can be aimed specifically at the underlying faulty systems.®

However, research on VRT programs lacks methodological consis-
tency,>®' and their interventions and outcomes have produced
contradictory results.>'® Furthermore, there is a significant research
deficit in the benefits of VRT, notably on balance in older persons in
the Indian population. Hence, the existing pilot study was done to see
the effect of VRT on balance in older adults using the BESTest scale.
Hence, the authors hypothesize that adding VRT to conventional bal-
ance treatment may improve the balance in these individuals.

Methods

The study was conducted on 30 healthy elderly participants within the
age group of 65 to 85 years. It was a pretest-posttest design where
a follow-up was done after 4 weeks. The study was conducted in a
Tertiary hospital and geriatric centre, Pune, India. The study dura-
tion was from December 2020 to January 2022. The elderly fall into

normal and overweight body mass index (BMI) categories, and the
ability to walk independently was included in the study. Participants
with known orthopedic, neurologic, or cardiovascular disorders, or
cognitive impairment were excluded from the study. The sample size
was considered based on earlier studies using the mean and SD of the
BESTest scale.®'" The BESTest (Balance Evaluation Systems Test) scale
was developed by Horak FB, et al. It is a 27-item scale with an ICC of
.97. The higher the score, the better is the balance in the individual.’
The study was approved by the Institutional Ethics Committee of Dr. D
Y Patil Vidyapeeth University (Approval no. DYPV/EC/448/2020, letter
dated January 27, 2020), and written informed consent was taken from
all the participants.

Procedure

The study was done usinga randomized controlled design, single-blind,
where the evaluator was blinded, and using a computer approach and
a concealed envelope. Thirty healthy older people were randomly
assigned to 1 of 2 groups. Thirty participants were divided into 2
groups: 15 in the VRT group and 15 in the control group. Both groups
received conventional training; additionally, the VRT group received
VRT. The conventional balance training included: a) Flexibility, calf,
hamstring, quadriceps, hip flexors and hip adductors (15-sec hold
and 5 repetitions); b) Strength: abdominal (curl-ups), spinal extensors
(prone extension), hip abductors (side lying with a weight around the
ankle), hip extensors (in prone), hamstring (prone knee flexion), and
quadriceps (knee extension in high sitting): all movements were given
for 10 repetitions; c) Postural control: stepping in all directions, reach-
ing to limits of stability in different positions (kneeling, half kneeling,
standing: on a hard surface and foam surface), stepping up and down,
tandem standing and walking, single limb standing (eyes open and
closed); d) Endurance training.”®'? The control group received treat-
ment for 30-40 minutes, and the progression was given according to
the response received from the elderly, with an increase in repetition
and also an increase in the intensity of the exercises. The VRT group
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Figure 1. Consort chart.



received VRT for 10 minutes, and conventional treatment was given
for 30 minutes. Virtual reality training was given using an Xbox with
Kinect (partially immersive) and a PS4 with headgear (fully immer-
sive) for 10 minutes. The training included Xbox Kinect (Figure 1) sports
games like lawn tennis, bowling alley, football, and PS4 with headgear
ping pong.>"*For the VRTgroup, each participant was made to play all
games alternately with headgear; tennis was mandatory every day for
3 minutes. No adverse events or cybersickness were found. All precau-
tionary measures were taken during treatment. The outcome measure
used in this study was the BESTest scale to measure pre- and post-
balance in the participants. The BESTest is a quantitative evaluation
method. The total BESTest scale consists of 6 sections, including 27
activities (items) and aims to evaluate the following systems: Section
1 (biomechanical constraints), Section 2 (stability limits/verticality),
Section 3 (transitions/anticipatory), Section 4 (reactive), Section 5 (sen-
sory orientation), Section 6 (stability in gait). Each section receives a
maximum score range from 15 to 21, and each item in the BESTest is
rated between 0 (lowest performance) and 3 (highest performance),
with a total score of 108. The percentage of the mean score was taken
into consideration. Pre-assessment was done on day 1, before the start
of the treatment, and the post-assessment was done after 4 weeks
using the BESTest scale (Figure 1).°

Results

The baseline data (Table 1) shows no significant differences between
the VRT and control groups with respect to age and BMI, including
the pre-balance performance by total BESTest score, indicating both
groups matched at the baseline.

The VRT group (Table 2 and Table 3) showed significant improvements
across all sections of the BESTest scale post-intervention. Each section,
from Section 1 to 6, showed a marked increase in scores. Also, the total
BESTest score showed significant improvement. These findings suggest
that VRT, adjunctive to conventional training, effectively enhances bal-
ance across multiple components of the BESTest scale, highlighting its
potential as a beneficial intervention for balance improvement.

The control group (Table 2 and Table 3) showed significant improve-
ments in Sections 1, 2, 3, and 5 of the BESTest scale, with P < .05.
However, Section 4 (postural responses) and Section 6 (gait stability)
did not show statistically significant changes. There was a significant
difference in the total BESTest score (P=< .001), indicating an overall
improvement in balance.

The VRT group showed significant change as compared to the con-
trol group in Sections 2, 3, 4, and 6 of the BESTest scale, with P <
.05 (Table 3 and Table 4). There was a notable difference in Section
4 (postural responses). The total BESTest score also had a significant
change in the VRT group, suggesting VRT in combination with con-
ventional training is more effective than only conventional methods
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Table 1. Baseline Characteristics of the VRT and Control Group
Demographic data VRT (Mean £ SD) Control (Mean +SD) P

Age, years 69.66 + 5.67 712 £5.12 .35
M/F 8/7 6/9

BMI 25.79 £ 3.57 25.51+2.85 .81
Total BESTest mean score % 59.73 £ 7.59 55.6 + 8.52 A7

BMI, body mass index.

for enhancing overall balance. No significant differences were seen in
Sections 1 and 5.

Discussion

This study was done to find the effect of VRT on balance performance
in healthy elderly individuals. The study used the BESTest scale as it
is a reliable and valid tool to measure balance ability across multiple
domains while standing and walking.>'*"> Also, it had higher respon-
siveness compared to other balance scales in this population.'®

The study showed significant improvement in balance measured by
the BESTest scale in older adults with VRT as an adjunct to conven-
tional exercise. In both groups, the sensory orientation, i.e., Section 5,
exhibited the highest level of affection in the VRT and control groups.
Section 6 was the least affected in the VRT group, while Section 4 was
the least affected in the control group. The postural response com-
ponent experienced the most substantial improvement, showing a
10% difference between pre- and post-in the VRT group (Table 2). Both
groups showed improvement in all the components of the BESTest
scale, including the total score in the elderly after training.

The finding showed notable improvement in the VRT group across all
sections of the BESTest from the pre- to the post-intervention, with P
< .05 in all sections, including the total BESTest score. The findings
of this study were comparable to the previous study’s findings, which
showed that the use of VRT helps in improving the balance and func-
tional mobility of elderly people, using dynamic and interactive envi-
ronments that imitate real-life situations, and has been proven to be
effective in modifying lagging technology."” Virtual reality has diverse
features, which include multisensory feedback that still stands out as
the key benefit gained from using VR. Besides, the motor learning for
the people and their engagement with the tasks got better balance
control.”®

The results highlighted a steady improvement in the VRT group;
these results confirm the findings of earlier studies, which showed an
improvement in balance components after VRT.”"

Virtual reality offers multisensory feedback, which is one of its major
advantages. Moreover, it enhances motor learning and actively
engages individuals, which results in improved performance and

Table 2. Within-Group Analysis (VRT Group and Control Group Pre- and Post-Test Scores)

VRT Group Control Group
(%Mean + SD) (%Mean + SD)
BESTest Section Pre-Test Post-Test Pre-Test Post-Test
Section 1 (biomechanical constraints) 63.56 +9.72 67.56 £9.72 50.22 £ 10.94 55.56 £ 12.51
Section 2 (stability limits/verticality) 52.06 = 9.60 60 £ 9.49 5245+ 11.10 56.51 £ 9.15
Section 3 (transitions/anticipatory) 57.04 £10.17 66.67 £ 11.31 50 £ 12.60 55.71 £10.31
Section 4 (reactive) 51.11 £ 14.27 69.26 + 6.92 55.93 = 14 56.67 + 12.63
Section 5 (sensory orientation) 4311 £ 831 54.22 £17.97 43.56 £9.38 47.56 £ 12.05
Section 6 (stability in gait) 63.49 £7.35 67.94 + 5.82 5333 +£11.97 56.51 £9.15
Total BESTest score 59.73 £ 7.59 69.60 + 7.08 55.6 + 8.52 59 £7.31

VRT, virtual reality training.
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Table 3. Repeated Measures ANOVA Results for Within-Group Analysis of
BESTest Sections

Group F (df) P Significance
VRT group 4.84 (5, 65) <.001 ok
Control group 3.84 (5, 65) <.001 i

ANOVA, analysis of variance; VRT, virtual reality training.
***Pyalue <=0.05.

better balance control.”?° However, there was no significant change
seen in Section 1 (biomechanical constraints) and in Section 5 (sensory
orientation); this may be due to the inherent limitations that exist in
targeting certain balance components by VRT systems.

A study by Leddy et al™ stated that postural abnormalities are com-
mon in people with Parkinson Disease (PD). When they scored on the
balance measuring on the BESTest scale, they recorded the lowest on
Section 1 (biomechanical constraints, 59%). Average scores were high-
est on Section 2 (verticality/stability limits, 80%), which is interesting
because over a third of this section is devoted to functional reach lat-
erally and forward, and spinal flexibility is thought to be impaired in
people with PD. The remaining items in Section 2 included learning
and midline orientation while sitting, which may not be as affected
in people with PD. Each section’s interrater dependability closely
matched the findings of a mixed population. For the BESTest portions,
test-retest reliability varied. Since intraclass correlation (ICC) compu-
tations automatically compare the measurement error to the overall
variability observed in the group, this variability may be the conse-
quence of the nonnormal distribution of sections 4 and 5, as well as
the reduced heterogeneity of the BESTest’s smaller sections. Fallers
and non-fallers differed statistically in every BESTest segment. No one
area or system of balance control demonstrated a more noticeable
shift among fallers.

On the other hand, the control group, which was conventional treat-
ment, experienced slight improvements in the BESTest scores, with a
smaller increase (P=<.001). The most marked changes were noted
in Sections 1, 2, and 5, but sections like Sections 4 and 6 did not
show any significant improvements. The present study findings agree
with other studies that indicate that traditional balance training
might not be as effective as VRT in producing considerable balance
improvements."

Section 1 (biomechanical constraints): A change was seen in Section 1
from the pre-and post-intervention scores, which increased. This find-
ing supports the statement by Rose et al that the role of VRT enhances
components related to physical functioning, like lower limb muscle
strength and joint range of motion (ROM), which are important for
postural stability.?'Section 1 primarily assesses biomechanical fac-
tors like strength, flexibility, and range of motion, which may require
specific physical training to improve effectively. Virtual reality train-
ing focuses more on cognitive-motor tasks, dynamic adjustments, and

postural control rather than directly addressing these biomechanical
constraints by Porras et al .2

Section 2 (stability limits) had a significant increase, showing that the
participants from the VRT group were able to control the center of mass
and limits of stability better, an important component to avoid falls
while doing dual tasks.> The scores of Sections 3 (anticipatory postural
adjustments) highlight postural adjustments that have improved signif-
icantly using VRT. This states that anticipatory adjustments are crucial
when preparing for voluntary movements such as stepping or lifting,
and improvement in this area may directly reduce the risk of falls.?*

The largest improvement was seen in reactive postural responses (4).
This means that VRT greatly improves the capability of an individual
to react quickly and robustly against external perturbations. This is
because VRT offers a lot of external stimuli that mimic real-life situa-
tions but in a controlled environment.® This, in turn, improved sensory
orientation; Section 5 showed great improvement. The external per-
turbations also improved the ability to integrate visual, vestibular, and
proprioceptive inputs in maintaining balance control. This happens
when one or more sensory systems are challenged.”

Section 5 assesses sensory orientation, ensuring a balance between
visual, vestibular, and proprioceptive input. Although VR can stimulate
visual and proprioceptive responses, it may not effectively challenge
vestibular components, limiting its ability to fully engage and improve
sensory orientation and balance functions. Studies suggest that for a
comprehensive impact on sensory orientation, balance training must
include multisensory challenges outside of VR.?® Section 6, dynamic
gait showed significant changes between pre- and post-test interven-
tion. This suggests that VRT enhances gait, so participants can walk
with more confidence and have better postural control, which reduces
falls during walking.”

Virtual reality training showed better improvement as compared to the
conventional group as it offers several unique features. Virtual reality
training creates an interactive world that allows you to move about in
your surroundings, mimicking the physical sensation. This makes it
very easy for therapists to use virtual reality therapy programs, which
are more engaging environments. Since this multimodal method stim-
ulates motor learning and information processing, training with VRT is
more holistic than conventional exercises.??

Conventional balance training included exercises, such as static and
dynamic postural control exercises, strengthening exercises, and
endurance training. These exercises help in improving stability in con-
trolled environments. However, Sections 4 and 6 of the BESTest did
not show any improvement as the tasks require rapid adjustments
and complex, real-time responses to dynamic situations. Section 4,
which assesses reactive postural responses, measures the ability to
recover quickly from unexpected disturbances, such as slips or exter-
nal pushes. Section 6 evaluates dynamic gait, requiring participants

Table 4. Between-Group Analysis (VRT and the Control group) by Unpaired t-Test

VRT and Control Group (Between-Group Analysis)

BESTest Scale VRT (Mean = SD) Control (Mean + SD) P Effect Size
Section 1 (biomechanical constraints) 4+6.57 533 £6.76 4 —
Section 2 (stability limits / verticality) 7.94+7.12 4.06 + 5.53 .05 0.4
Section 3 (transitions/anticipatory) 9.63 +5.74 429 + 554 <.001 0.83
Section 4 (reactive) 18.15 £ 10.60 0.74 £ 3.56 <.001 0.81
Section 5 (sensory orientation) 11.11£10.29 4+6.07 .66 —
Section 6 (stability in gait) 4441492 3.17 £ 6.89 <.001 0.78
Total BESTest score 9.87 £3.16 3.40 £2.69 <.001 0.79

VRT, virtual reality training.




to adapt to continuous movement challenges that involve stepping,
direction changes, and speed adjustments.?®

Conventional training often lacks the elements of unpredictability and
reactive demands essential for real-world scenarios where falls may
occur due to unexpected events. Studies suggest that conventional
methods may improve static balance but are less effective in enhanc-
ing dynamic postural control and reactive responses, as these abilities
require repeated exposure to varied, real-world conditions. Without
such dynamic practice, the nervous system may not fully develop the
anticipatory and corrective mechanisms necessary to manage real-life
balance challenges.

A review by Darekar et al” specified that VR-based interventions hold
promise as an effective approach for addressing balance and gait
impairments following a stroke. By providing intensive, task-oriented
practice in dynamic environments with added feedback, these interven-
tions support motor learning and rehabilitation. Virtual reality—based
interventions have an intensified benefit over conventional interven-
tions in the improvement of balance while performing functional
tasks, as well as in the improvement of gait speed and the quality of
gait. Preliminary results also suggest that VR-based interventions may
prove advantageous in promoting independent community ambula-
tion. Factors such as repetitiveness, varied practice, increased engage-
ment, motivation, and additional feedback, which are integral to VR
systems and their training methods, may contribute to the enhanced
benefits observed. Yang et al observed a notable enhancement in
bilateral symmetry and reduced center of pressure (CoP) excursion
on the paretic leg during the sit-to-stand task. In contrast, Kim et al
found a significant improvement in sway angles, specifically during a
dynamic weight shift task ensuing a VR-based intervention. Similarly,
when examining clinical balance measures, 5 studies stated significant
enhancements in Berg Balance Scale (BBS) scores, while 2 studies noted
enhanced performance on the Functional Reach Test after VR interven-
tions compared to other treatment methods. The studies focused on
balance improvement often incorporated balance training tasks, while
those targeting gait enhancement used treadmill walking or addressed
specific mechanisms of gait training, such as ankle ROM, strength, or
proper initiation/inactivation of ankle muscles. Balance assessments
are typically counted in CoP measurements (e.g., CoP sway, sway veloc-
ity) during both static tasks (like quiet standing) and dynamic postural
activities, in addition to clinical tests such as the BBS. Gait-associated
outcomes were primarily evaluated through overground walking to
assess the transfer of VRT to real-world gait. These outcomes com-
prised gait speed, spatiotemporal parameters (e.g., stride length, step
length, cadence), as well as kinematic and kinetic gait measures.

A study by Molina et al> mentioned that by enabling practice in chal-
lenging, safe, and enriched situations, VR promotes brain plasticity and
motor learning. It is also regarded as a feasible intervention method
and a different way to supplement traditional activities. Neuroplasticity
can be improved by stimulating intense and repetitive motor training
through particular therapeutic exercises, such as anticipatory postural
adjustments, multi-segment coordination, and tasks requiring divided
attention, in order to overcome these detrimental changes. However, by
combining cognitive and physical demands engagingly and interactively,
exergaming could maximize motor learning by encouraging players to
concentrate on the game; focus could be on the outcome rather than
the movements themselves, and this can be considered a limitation.

Limitations and Strengths

It was observed that a few female participants initially faced difficulty
playing the games due to limited experience. With practice, however,
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they were able to play successfully. Moreover, function-specific activi-
ties or games were not available.

VR systems provide immediate performance feedback, enabling elderly
individuals to understand their progress and identify areas requiring
improvement, thereby facilitating learning and skill acquisition. The
gamification of rehabilitation through VR enhances patient engage-
ment, reduces the perceived effort of exercises, and makes therapy
sessions more enjoyable. Furthermore, VR offers controlled and safe
environments in which patients can practice balance-related tasks
without the risk of falling or injury, which is particularly beneficial for
individuals with significant balance impairments.

Conclusion

This pilot study concludes that VRT has a significant impact on balance
in the elderly using the BESTest scale. There was a significant differ-
ence in the total BESTest score, indicating an overall improvement in
balance after the VRT intervention. The inclusion of VRT into balance
training programs for the elderly can lead to meaningful improve-
ments in their ability to maintain balance and stability. The findings
indicate that VRT can be a valuable tool in balance rehabilitation pro-
grams, with the BESTest scale used to assess various components of
balance performance.
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