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Neural Control of Movement
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Abstract - Aim: This study aims to evaluate the additional acute effect of virtual reality (VR) head-mounted displays
(HMD) when associated with balance exercises in balance outcomes in non-disabled individuals. Methods: Thirty
individuals were randomized into two groups: balance exercise group (GBE; n = 15); and virtual reality + balance exer-
cise group (GVR + BE; n = 15). The individuals were evaluated by static and dynamic balance using the tandem test
(TT), single-leg stance (SLS), and Fukuda stepping test (FST). Both groups performed 30 min of balance exercises. The
GVR + BE performed 8 additional minutes of virtual reality prior to balance exercises. A roller coaster application was
used for the HMD. The Mann-Whitney test was used for intra-group and differences of inter-group analysis, consider-
ing a significance level of p < 0.05. Results: In the GBE group analysis, there was observed an increase of time in TT
with closed eyes (p = 0.025) and SLS with closed eyes (p = 0.003). In the same way, the GVR + BE group increase TT
with closed eyes (p = 0.003) and SLS with closed eyes (p = 0.002) after the intervention. In the intergroup analysis, the
increase in the SLS with closed eyes was superior in the GVR + BE group when compared with GBE (p = 0.006;
d=1.67). Conclusion: The use of HMD in combination with balance exercise has an acute effect on increasing static
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balance in non-disabled individuals.
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Introduction

Postural control involves the coordination of sensory-
motor strategies to stabilize the body mass center during
postural instability'? and can be altered by somatosensory
demands®*. The influence of sensory input or integration
of multisensory inputs of postural control was widely
investigated®™®. Chiba et al.” showed that the neural con-
troller might regulate muscle control in a situation where
one or several sensory inputs are inhibited to keep the bal-
ance during standing. Multisensory reweighting of visual,
vestibular, and somatosensory inputs allows us to maintain
balance as environmental conditions change®. Allison
et al.” reported that sensory reweighting exercises by
manipulating surface and visual conditions would benefit
postural stability in adults®,

One of the ways of reweighting multisensory inputs
in non-disabled individuals is through the use of immer-

sive virtual reality (VR) by somatosensory and visual con-
flict. VR is the name given for virtual experiences through
head-mounted displays (HMD) and consoles with this
kind of technology, which allow maximum interactions
similar to real ones. VR with two-dimensional presenta-
tions is considered non-immersive. Three-dimensional
presentations utilizing stereoscopic projections or displays
with a fixed visual perspective are considered semi-
immersive. Fully immersive systems allow for changing
visual perspective with head movement’'".

Several authors discuss the use of balance training
interventions using VR in a variety of populations. In a
study on non-disabled participants, visual stimuli that pro-
duced a conflict with simultaneous somatosensory and ves-
tibular signals generated by horizontal motion elicited more
accurate postural corrections'>. Streepey et al.'? described
an increased effect of visually simulated motion on postural
responses when the subject base of support was decreased,
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making them more dependent on the erroneous, simulated
visual information. However, negative results of using fully
immersive systems were observed in some studies, such as
nausea and dizziness in longer exposure'* and motion sick-
ness due to visual-vestibular conflict'”.

Virtual environments can manipulate the specificity
and frequency of visual and auditory feedback and can
affect motor, perceptual, and cognitive functions'®. Thus,
it provides a tool that can be used to harness the nervous
system's capacity for sensorimotor adaptation. In addition
to having real-time multisensory feedback, it provides
great variation, progression, and repetitive and task-orien-
ted training'>. The environment provided by HMD can
induce the reorganization of neural plasticity and improve
motor abilities'®!”. VR-HMD systems can offer ecologi-
cally valid scenarios to assess and train functional balance
and can be used alone or in addition to other inter-
ventions'®. However, the additional effects of VR-HMD
on a specific balance exercise program are little explored
in the literature. In addition, there is no minimum time
established in the literature to avoid adverse effects, and at
the same time to verify outcomes improvement in non-
disabled individuals.

Therefore, this study aims to evaluate the addi-
tional acute effect of VR-HMD when associated with
balance exercises in postural control in non-disabled
individuals. The null hypothesis (HO) of this study is that
the HMD associates with balance exercises will not
modify the static and dynamic balance in the non-dis-
abled individuals. However, the alternative hypothesis
(H1) of the study is that HMD associated with balance
exercise will modify static and dynamic balance in these
individuals. Therefore, if it confirms the alternative
hypothesis, it can be important as a therapeutic guide to
clinical decision-making.

Methods

Study design, setting, and participants

This is a proof-of-concept study with two arms in 30
non-disabled individuals. The individuals were randomly
assigned to the Center of Rehabilitation of Faculty of
Human Talent and subjected to static and dynamic balance
evaluation conditioned in three treatment groups: 1) GBE:
treatment with conventional balance exercises (15 indivi-
duals); GVR + BE: treatment with HMD and conventional
balance exercises (15 individuals). This research was
approved by the Ethics Committee on Human Research at
the Faculty of Human Talent (0023/2018), and written
informed consent was obtained from the participants of
this study.

Sample size calculation

Based on the sample size calculation, 30 individuals
should be included, 15 in each group. The parameters used
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were test power 80%, the significance level of p < 0.05,
and Cohen effect size 0.90. The sample size calculation
was performed in G*Power 3.1 software.

Inclusion criteria

We included non-disabled individuals without ves-
tibular dysfunction (absence of nystagmus in the Dix-
Hallpike and supine roll tests); without cognitive altera-
tions (Mini-Mental State Examination according to educa-
tion); with ocular motility integrity; no visual sensory
disturbances (>6 in the Snellen test); no auditory altera-
tions (no alterations in the tuning fork tests); the bilateral
presence of symmetrical tactile, thermal, and painful sen-
sations in comparison to the two feet; and no history of
lower limb fractures and lesions in the control system of
balance, such as the brainstem and cerebellum.

Exclusion criteria

Subjects were excluded from participation if they
had a known history of balance impairment (for any rea-
son); peripheral neuropathy (clinically diagnosed or if
they had symptoms of numbness/tingling in the lower
extremities); orthopedic lower extremity or lumbosacral
conditions requiring consultation with a health care pro-
fessional (to include ligamentous injuries, osteoarthritis,
or joint replacement); the pain of any level presenting
simultaneously in both lower extremities; or unilateral
lower extremity pain. Pregnant women were also exclu-
ded.

Randomization and blinding

The concealed randomization schedule was estab-
lished using a computer-generated random number
sequence and maintained by an off-site investigator who
was neither involved with the enrollment nor with the
assessment of study participants. A second research assis-
tant then opened consecutively numbered, randomly
ordered, opaque envelopes containing the group allocation
(in a 1:1 ratio) after the baseline assessment.

Data sources/measurement

The following tests were used for static balance
evaluation'*?’:

Tandem test (TT)

The subject stood upright on a 60 X 60 X 7.5-cm
piece of foam, which had a density of 28 kg/m® with one
foot in front of the other forming a straight line, remain-
ing in position for 30 s with eyes open (with visually
focus on a dot marked 1.5 m away at eye level) and 30 s
with eyes closed. A Technos Digital Quartz® chron-
ometer was used to mark the time. The test was inter-
rupted if the support base was changed. The individual
had three opportunities to perform the test, with the
highest time being chosen.
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Single leg stance test (SLS)

In the upright position, the subject was placed in a
single leg position with arms resting at their sides on a
60 X 60 x 7.5-cm piece of foam, which had a density of
28 kg/m’, without letting their legs touch each other,
remaining in position for 30 s with eyes open (with
visually focus on a dot marked 1.5 m away at eye level)
and 30 s with eyes closed. A Technos Digital Quartz®
chronometer was used to mark the time. The test was dis-
continued if there was a change in the support base. The
individual had three opportunities to perform the test, with
the highest time being chosen.

To evaluate the dynamic balance, the following test
was used:

Fukuda stepping test (FST)

Three concentric circles were drawn on the ground.
These circles were divided into 12 equal parts by straight
lines crossing the center, forming an angle of 30°. The
patient performed a stationary gait, raising the knees
approximately 45° without moving, running 50 steps (one
per second) with the shoulder at 90°, and blindfolded. At
the end of the test, the rotation angle was noted in
degrees”' 2.

Interventions

Balance training was performed in only a single ses-
sion, with an average duration of 30 min in all groups. The
individual was subjected to an initial evaluation of the bal-
ance tests, and after the intervention, the tests were repe-
ated for static and dynamic balance evaluation.

GBE

Treatment with conventional balance exercises for
30 min. The individuals performed two types of exercises:
static and dynamic balance exercises, modified from Sil-
supadol et al.'’. Static balance training consisted of the
following: (a) standing with feet apart with eyes open, fol-
lowed by placing feet together; (b) standing with feet apart
with eyes closed; (c¢) standing with the dominant foot in
front of the other foot (or tandem posture); (d) disturbance
during the standing position; and (e) standing on a firm
surface (e.g., wooden floor or cement) or unstable surface
(e.g., foam, grass, or sand). The protocol under dynamic
balance training conditions consisted of (a) the double
support stance on a firm surface while holding a glass of
water, (b) tandem posture while rotating hand quickly, and
(c) playing and receiving a ball while standing. Two
dynamic tasks, that is, reaching and throwing the ball,
increased the balance function in the anteroposterior and
mid-lateral directions. The subjects ended the training
with a circuit with small obstacles, as well as balance
activities (unipodal support and unipodal squatting) on the
level and uneven surfaces.

GVR plus balance training

The intervention consisted of an immersive VR
application, which utilized a VR box play (Shenzhen
Ginotech Technology Co., Ltd) and earphones in a dark
room. An iPhone 8 Plus was used in the VR box to per-
form the 3D SBS VR roller coaster game application. The
game consists of high-flow images projected from a roller
coaster in different directions. The environment was com-
posed of roller coaster tracks, people in a grandstand, and
natural vegetation. Each individual watched the simulation
for 8 min in full HD VR in an upright position while
standing on a 60 X 60 X 7.5-cm piece of foam, which had
a density of 28 kg/m>. The piece of foam (unstable sur-
face) was used to increase the activation of the vestibular
system. After VR applications, the balance exercises
described above were applied for 30 min.

Static and dynamic balance evaluation was reas-
sessed immediately after interventions.

Statistical methods

The data are presented as the average and standard
deviation for the numerical data and percentage for cate-
gorical data. A normality test was performed using the
Shapiro-Wilk test, assuming an asymmetric pattern. Non-
Parametric tests were used to compare the groups. The
Mann-Whitney test was used for intra-group analysis
(before and after intervention in the same group). The dif-
ferences of inter-group (after intervention values minus
baseline values; AGBE x AGVR + BE) were performed
by Mann Whitney test. The effect size was also calculated
and defined as Cohen's D: small (0,20-0,49), moderate
(0,50-0,79), and large (> 0,80). Data were analyzed using
GraphPad Prism version 8 (La Jolla, CA, USA, www.
graphpad.com) and were considered statistically sig-
nificant at p < 0.05.

Results

Baseline data of included participants are shown in
Table 1. No adverse events were reported in this study.

Table 2 showed the intra-group and inter-group bal-
ance outcomes analysis. In the GBE group analysis, we
observed an increase of time in TT with closed eyes
(p = 0.025) and SLS with closed eyes (p = 0.003). In the
same way, the GVR + BE group increase TT with closed
eyes (p = 0.003) and SLS with closed eyes (p = 0.002)
after the intervention. In the intergroup analysis, the
increase in the SLS with closed eyes was superior in the
GVR + BE group when compared with GBE (p = 0.006;
d =1,67). In the TT with closed eyes, there was no differ-
ence between groups, but there was a large clinical super-
iority in the GVR + BE group when compared with GBE
alone (p =0.269; d = 1.22).
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mirror neurons in the primary motor cortex could have
occurred, thus increasing the activity of the antigravity and
postural muscles, thereby increasing single leg control*®*’.

The third mechanism is that the use of dynamic
visual information generates greater vestibular conflict
due to the constant corrections of the extraocular muscu-
lature for fixation of the image in the retina, thus increas-
ing the sensorial information for the vestibular nucleus in
the brainstem, which in turn increases the responses of the
vestibular system for correction (vestibule-ocular reflex)
and adaptation of the balance”®?’. In a systematic review,
the authors showed that modifying visual information and
increasing the complexity of VR protocol, regardless of
their health status, showed overall improvements in vesti-
bule-ocular reflex gain and posturography parameters'®.

The fourth mechanism refers to the priming effect.
The priming effect is the phenomenon by which the expo-
sure of a stimulus influences the subsequent response™,
and the VR-HMD techniques could influence the response
of other techniques and the magnitude of the effect. Vour-
vopoulos et al.®' suggest that VR with HMD can enhance
the activation of brain patterns present during overt motor
execution and concluded that immersive multimodal VR
environment and motor priming can maximize the
engagement of sensory-motor networks, due to the
enhanced modulation of the same cortical areas that are
activated during actual motor preparation and execution.

The limitations of this study are the small sample size
and the non-blinding of the study evaluators. In terms of not
affecting the performance tests of this study, the sample did
not know any of the tests used. However, this is a low-cost
study wherein, in a single VR session associated with bal-
ance exercises, we noted an acute improvement in the static
balance in non-disabled individuals. Thus, this study can be
replicated in any research center worldwide because it is a
feasible, innovative, and playful tool for balance control.
The main implication of the results obtained is that 8 min in
full HD VR associated with balance exercises was suffi-
cient to generate acute effects in static balance without
adverse events, and this approach can be a model to future
studies in disabled people.

Conclusion

It is concluded that the additional use of VRHMD
before balance exercise has an acute improvement in static
balance with eyes closed in non-disabled individuals.
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