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Abstract

Background: Balance training in young adults may increase coordination, cognitive function or strength symmetry on both
sides of the body. It is an essential tool for injury or fall prevention and a precondition for becoming a professional athlete.
Objective: The aim of this study was to assess the effect of Xbox 360 Kinect trainifig on postural balance in young, healthy in-
dividuals.

Material and methods: The study comprised 75 individuals who were randomlyassigned to three equal groups. The first group
(Group VR) performed exercises on an Xbox 360 Kinect console, and the second group (Group T) performed convention-
al all-round exercises. The third group was the control (Group C). Each group underwent balance assessments on the Biodex
Balance posturographic platform, including the Balance Error ScoringSystem test, before and after the training cycle. The lev-
el of statistical significance was set at p<.035.

Results: Group VR and Group T achieved statistically significant improvement in sway index compared to baseline. Group T
gained significant decrease in the sway index on the unstable surface (p=0.002). Group VR and Group T demonstrated sig-
nificant decreases in the mean sway index on stable and umnstable surfaces (Group VR - p=0.035; Group T - p=0.001) Group
C did not achieve statistically significant improvement in sway index. None of the groups demonstrated a statistically signifi-
cant decrease in the test error count.

Conclusions: Virtual reality in the form of video gamesplayed on an Xbox 360 Kinect console may be an effective method of

balance training in healthy individuals.

INTRODUCTION

Computer technology has been rap-
idly evolving over the past few dec-
ades. Virtual reality has come to be
used in many aspects of everyday life,
including physiotherapy. The use of
video games to promote physical ac-
tivity is an extensive field associated
with virtual environment-based reha-
bilitation'. Video games may be used
as a form of training for healthy indi-
viduals or as a form of physiotherapy
for patients diagnosed with musculo-
skeletal disorders.

Video games are employed in reha-
bilitation to increase muscle strength,

general fitness, balance, motor co-
ordination and for other purposes.
They may be combined with conven-
tional rehabilitation or used as an al-
ternative?.

Balance is defined as the abil-
ity to control the line of gravity
against the base of support, which
facilitates planning and perform-
ing movements to maintain vertical
posture’. Balance enables the human
body to maintain upright posture
even in unfavourable external con-
ditions. There is an association be-
tween balance, gait and activities of
daily living*. The perfect combina-
tion of static and dynamic balance is

essential to normally perform activ-
ities of daily living’. It is applied in
both older® and young people who
use specific mechanisms underlying
balance control to maintain balance
during ADLs’.

Balance enables humans to stand
still despite perturbations® and is es-
sential to prevent falls in such condi-
tions’. Postural balance is also funda-
mental for proper gait. If balance is
affected, it might be compensated in
gait by adjusting step length, width
or time to prevent falls, even among
young healthy individuals'. Apart
from the basics, such as fall preven-
tion, proper gait and ADL, good pos-
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tural balance is associated with better
athletic performance!!.

An important issue is the need to
motivate either healthy young or ail-
ing elderly individuals to perform bal-
ance exercises. This is a reason for
increasing the use of new, more pa-
tient-engaging methods of training or
physiotherapy, such as virtual rehabil-
itation. Examining the effects of using
virtual reality in training and physical
therapy is critical, especially because
there are already existing reports in
which it is shown that VR training
may be not only an effective tool in
ameliorating different motor skills,
but it can also be enjoyed more than
other forms of training/rehabilita-
tion'>!314, Ag a product of the consid-
erable progress in virtual reality and
the development of portable devices,
video games differ substantially from
the expensive systems and robots used
in virtual rehabilitation. Gaming sys-
tems provide the user with an avatar,
i.e. an icon representing the person
on a screen. Different game scenarios
are available, varying according to the
task performed. By using controllers
while performing appropriate move-
ments, the user can control an avatar
displayed on the screen.

Two types of video games are uti-
lised in physiotherapy. One compris-
es systems developed specifically for
physiotherapeutic purposes', such.as
the Virtual Balance Clinic System'é,
its use devoted to rehabilitation in
postural balance disorders. The other
type includes existing systems intend-
ed for entertainment, e.g., Nintendo
Wii, Sony Play Station 2 Eye Toy and
Microsoft Kinect!. The Xbox 360
Kinect used in the present study al-
lows its users to control the console
and interact with it through their nat-
ural movements, without having to
touch the controllers. The device uses
an RGB (red, green, blue) camera and
a motion sensor to enable 3D detec-
tion of each movement performed
by the user’s body and recognise ges-
tures'’.

The examination was executed on
a young healthy population, which
is a good reference group in inves-
tigating the effects of balance train-
ing. According to Cone et al., young
healthy people are a good material

for assessment because it is less com-
mon for them to have comorbidi-
ties and balance impairments, thus,
even subtle improvement can be re-
vealed. Additionally, it is likely that
the improvement would be augment-
ed in a population with impaired bal-
ance’. Although differently demon-
strated, Heijnen et al. also suggested
that young adults may provide a per-
fect population for establishing train-
ing parameters that are most effi-
cient at reducing falls due to the high
fall rates observed in their research
among a young healthy population®®.

OBJECTIVE

The aim of the present study was to
assess the effects of Xbox 360 Kinect
training on balance in young healthy
individuals and compare virtual réal-
ity-based training to conventional ex-
ercises against a control group who

did not perform any form ‘of ‘train-

ing. The following reséarch questions

were posed in thestudy:

Primary researchyquestion:

1. Does two-week Xbox 360 Kinect
whole-body training improve pos-
tural balance on stable and unsta-
ble sutfaces (measured by the Bal-
ance Error Scoring System (BESS)
test) in young healthy adults?

Secondary research questions:

2. Does two-week conventional all-
round training designed in the
study improve postural balance on
stable and unstable surfaces (meas-
ured by the BESS test) in young
healthy adults?

3. Does two-week Xbox 360 Kinect
whole-body training have a com-
parable or greater effect on postur-
al balance on stable and unstable
surfaces (measured by the BESS
test) compared with two-week
conventional all-round training
designed in the study?

METHODS

The study was approved by the Bio-
ethics Committee of the Medical
University of Warsaw on 18" Febru-
ary 2014, chaired by professor Boze-
na Tarchalska-Kryfiska (approval No.
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KB/28/2014). Informed verbal con-
sent was obtained from subjects. The
procedures were performed in ac-
cordance with the ethical standards
of the 1975 Declaration of Helsin-
ki, as revised in 2008. The data were
collected in the years 2016-2017 at
the Division of Rehabilitation, De-
partment of Physiotherapy, Faculty
of Medical Sciences, Medical Univer-
sity of Warsaw.

The present study comprised 75 in-
dividuals (52 women, 23 men) who
were recruited from students of the
Medical University and randomly as-
signed to three equal groups by sim-
ple random sampling. The first group
— Group VR, consisting of 25 partici-
pants (17 women, 8 men) performed
whole-body exercises with an Xbox
console; the second group — Group
T, including 25 participants (15
women, 10 men) performed conven-
tional all-round exercises. The third
group — Group C, totalling 25 par-
ticipants (20 women, 5 men) was the
control. The inclusion criteria were
age between 19 and 30 years and
the absence of mechanical injuries
sustained in the period of 3 months
preceding the study. Before the ex-
amination was carried out, all partici-
pants completed a questionnaire con-
cerning personal information, such as
age, sex, body mass and height (from
which BMI was calculated), frequen-
cy and type of physical activity, as
well as type of work.

All study participants underwent
two balance assessments on the Bio-
dex Balance System posturographic
platform. The experimental groups
underwent Examination 1 before the
commencement of the training pro-
gramme, which lasted for 2 weeks.
Examination 2 took place upon com-
pletion of the training programme.
Group C was re-examined two weeks
after Examination 1. The exami-
nation on the platform utilised the
BESS test, which consists of the sub-
ject maintaining three positions:

1. double leg stance (feet together;
hands on the hips);

2. single leg stance (standing on the
non-dominant leg, hands on the
hips);

3. tandem stance: standing heel to
toe (the heel of the dominant foot
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touching the toe of the non-dom-
inant foot, with the hands on the
hips)®.

Each position was assumed twice on
a firm and on a foam surface. In the
course of each 20-second attempt,
the subject had their eyes closed, and
the examiner recorded the number of
errors made during the attempt. The
errors involved opening the eyes, tak-
ing the hands off the hips, making
a step, stumbling or failing to main-
tain the testing position, lifting the
forefoot or heel off, abducting the
hip beyond 30° and the inability to
regain the testing position for more
than five seconds. Apart from record-
ing the error count, sway index was
calculated on the basis of the COG
oscillation. In the period between the
examinations, each group took part
in a different type of training or no
training.

Group VR performed exercises on
the Xbox 360 Kinect console. Train-
ing was performed three times a week
over a period of two weeks, with each
training session lasting 30 minutes.
Exercises were performed for 21
minutes because of the time needed
for transitioning between games and
the breaks needed for the participants
who were playing games that were
designed to be played in shifts. We
assumed that during the 30-minute
training session, transitions between
games took approximately six min-
utes (approximately 45 seconds for
one transition), while intervals dur-
ing shifts took approximately three
minutes. There were no planned ses-

Table 1

sions during the training; the breaks
were applied according to the game’s
course. The study employed the Ki-
nect Sports game, which simulates au-
thentic sport games. The study used
games such as boxing, track-and-
field (in pentathlon form comprising
the sprint, javelin throw, long jump,
discus throw and hurdle race), table
tennis, beach volleyball and football.
These games were general strength-
ening exercises based on upper limb
movements, body mass distribution
and jumping. Through those move-
ments, a user was thrown off bal-
ance and thus, had the opportunity to
train balance. The games were played
in pairs, which allowed competition
between participants and seeming-
ly led to greater enjoyment of the
training. The Xbox Kinect console
and sensor were arranged in specifé
ic orientation. The playing area Was
three x four metres, and the distance
between the participants andsthe, Ki-
nect sensor was approximately two
metres. Group T performed conven-
tional all-round exércises'in the form
of circuit statiomptraining. The train-
ing also included general strengthen-
ing exercises, which affected a user in
a mannerisimilar to that of the vir-
tual training. A list of all performed
exercises in group T is presented in
Table 1. As in the previous group,
the training took place three times
a week over a period of two weeks;
each training session lasted approxi-
mately 23 minutes, and the exercises
were performed for 21 minutes. The
subject performed exercises at each
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station for one minute. Seven exercis-
es were performed during each train-
ing session. Each exercise was re-
peated three times during one train-
ing session. There was one minute of
rest between every set. In Week 1, the
participants performed a different set
of exercises on each day. In Week 2,
the exercise sets from Week 1 were
repeated in the same order in which
they were performed in the previ-
ous week. The workout load was in-
creased by increasing the level of dif-
ficulty of the exercises. All of the par-
ticipants in the experimental groups
had an approximately five-minute
warm-up before the exercises began
and five minutes of cool-down af-
ter the training, both of which were
self-directed. Group C did not per-
form any form of exercise. The dif-
ference in training duration for the
experimental groups was due to the
time needed for transitions between
games and the break for the VR
group during games played in shifts.
Statistical analysis of the results
was conducted with Statistica 13.1
software, the level of statistical signif-
icance set at 5% (P-value<.05). The
key parameters of those listed above
were tested to determine if the distri-
bution of the values obtained in the
study approximated normal distribu-
tion. The Shapiro-Wilk test was used
as a test for normality. As eight out of
a total of 36 parameters studied were
not distributed normally, we decid-
ed to use nonparametric tests for the
analysis. Thus, Wilcoxon’s signed-
rank test was used to compare pa-

Conventional group workout

Day one

Day two

Day three

Sprinting in place

Sideway lunges, switching legs

Jumping in place on one leg with arm circ-
les

Boxing in the air with both arms

Scissors with both legs and arms

Arm circles with one arm forward and the
other arm backward

Forward lunges, switching legs

Jogging in place with backwards arm cir-
cles

Jumping upwards with a 180-degree turn

Gluteal bridges

Side plank, switching sides halfway through
the exercise

Front plank

Ball throw — throw ball upwards, clap 3
times, catch ball

Jumping sideways in place

Handing a ball from one hand to the other
in front of and behind the trunk

Tennis ball bounce, switching hands

Tennis ball throw with one hand, catch with
the other hand

Tennis ball throw from one hand to the oth-
er

Jumping in place on both legs

Trunk rotations

Bent trunk rotations

© AWF Krakow
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rameter changes between Examina-
tions 1 and 2, while the Kruskal-Wal-
lis ANOVA was implemented to com-
pare differences among the groups (it
served to show whether the groups
differed prior to the intervention).

RESULTS

Demographic  characteristics and
physical activity frequency for all
groups are presented in Table 2.
None of the groups achieved
a statistically significant change in
the error count on the BESS test or
a change in the sway index on the
stable surface. Group T was the only
one to demonstrate a statistically sig-
nificant decrease in the sway index
on the unstable surface (p=0.002).
The experimental groups (VR and
T) showed statistically significant de-
creases in the mean sway index in

Table 2

the test on both the stable and unsta-
ble surfaces (group VR - p=0.035;
group T — p=0.001), while Group C
did not achieve any statistically sig-
nificant change. Moreover, the error
count on the unstable surface and the
total error count in group VR was of
borderline statistical significance (as
follows: p=0.061; p=0.063). The
changes in the mean sway index in
individual groups between Examina-
tion 1 and Examination 2 are shown
in Figure 1. The statistical signifi-
cance of the changes in specific pa-
rameters between Examinations 1
and 2 is demonstrated in Table 3.
The Kruskal-Wallis ANOVA re-
vealed that some of the results were
significantly different between the
groups at baseline. Error count on an
unstable surface (the difference oc-
curred between group T and group
C); sway index on an unstable sur-
face (the difference occurred between
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group VR and group C and between
group T and group C) and the mean
sway index (the difference occurred
between group VR and group C and
between group T and group C). Con-
sequently, it was impossible to com-
pare the parameter changes that oc-
curred between Examinations 1 and
2 among the individual groups.

DISCUSSION

A review of the literature shows that
the majority of studies including bal-
ance training are focused on elder-
ly populations, but there are sev-
eral reasons why balance training
should be implemented in young
healthy populations. First of all,
even though balance disorders are
usually associated with the elderly
population, they may also be a seri-
ous issue among young adults. Cal-

Average and standard deviation (SD) of specific demographic characteristics and the physical activity frequency

Group

Average age, standard
deviation (SD)

Average BMI,

standard deviation

Average physical activity
frequency, standard deviation (SD)

Group VR

21.68 +1.75

22.15 £3.07

2.68 +1.52

Group T

23.0 £1.23

22.31 £2.71

2.42 +1.42

Group C

20.96 +1.88

22.80 +2.83

3.0 +1.22

Group VR - group that performed virtual reality exercises; Group T - group that performed conventional exercises; Group C - control group. BMI - body

mass index.

45

35

(%]

Examination |  Examination 2

Group VR

exercises; Group C — control group.

Examination 1
Group T

Group VR — group that performed virtual reality exercises; Group T — group that performed conventional

Examination 2 Examination |  Examination 2

Group C

Figure 1

Changes in sway index between Examination 1 and 2 in Group VR, Group T and Group
C on the basis of the maximum, quartile 1 minimum values

deron-Garcidueanas et al. proved
that approximately 75% of 575
seemingly healthy young urbanities
exhibited gait and balance dysfunc-
tions, which was associated with air
pollution.  Calderon-Garcidueanas
et al. stated that there is a need for
early recognition of gait and balance
dysfunctions. In the study, it has
been demonstrated that balance im-
pairment may be present even if it is
not expected?’. This might be a rea-
son for introducing young seemingly
healthy subjects to the balance train-
ing programme. Balance disorders
can cause an increased risk of falls,
which may also affect young adults.
Heijnen et al. noted that over half of
the examined healthy subjects aged
19-20 experienced falls during a 16-
week period of time. Interestingly,
the falls were not correlated with
weather conditions, the use of tox-
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Table 3

Specific parameter values (average and standard deviation) during Exam-

inations 1 and 2

Group Parameter compared in Examination 1 Examination 2 _value
name Examination 1 and 2 (average = SD) (average * SD) P
Total error count on a stable
surface 3.3 +2.3 2.7 25 0.279
Total error count on an unsta-
. ble surface 13.1 £3.5 11.8 £3.6 0.061
2 Total error count 16.5 +4.8 14.5 +5.3 0.063
3
=4 Mean sway index on a stable
1] surface 24 £0.5 2.2 +0.5 0.072
Mean sway index on an unsta-
ble surface 41 +0.9 4.0 =0.7 0.074
Mean sway index 3.3+06 3.1 x0.6 0.035
Total error count on a stable
surface 3.8 +2.6 3.7 £3.4 0.553
Total error count on an unsta-
ble surface 141 +3.3 13.3 £3.3 0.143
|_
a Total error count 18.0 4.2 16.9 £5.5 0.225
(o] .
& Mean sway index on a stable 24405 23406 0.093
surface
Mean sway index on an unsta-
ble surface 4.2 0.7 3.8 +04 04002
Mean sway index 3.3 +0.5 3.0 0.4 0.001
Total error count on a stable
surface 3.3 +25 24 2.6 0.127
Total error count on an unsta-
ble surface 11.3 £3.6 11.7 £4.4 0.549
(&}
o  Total error count 14.6 £5.1 144 =5.7 0.549
3
(o] .
= Mean sway index on a stable
(O] surface 2.3 £0.6 21 04 0.158
Mean sway index on an unsta-
ble surface 3.5 £0.7 3.4 £0.7 0.074
Mean sway index 2.9+0.6 2.8 £0.5 0.074

Group VR - group that performed virtual reality exercises; Group T — group that performed conventio-
nal exercises; Group C - control group. The p-value is based on the Wilcoxon signed-rank test

ic substances, multi-tasking or phys-
ical activity level, and most of them
occurred during walking'®. Preven-
tion is a key factor in minimising
the possible negative consequenc-
es of a fall. In the study by Park et
al.?!, it was demonstrated that there
are some postural sway and spatial
gait measures that show a linear de-
terioration across the adult age span,
starting at the young age of 21. The
prevention of balance disorders can
start at any moment of a person’s
life, regardless of the moment when
the first falls occur. Therefore, im-
plementing balance training is es-
sential among young adults and el-
derly individuals. Implementing bal-
ance training in young healthy adults
is also a good tool for the preven-
tion and treatment of mechanical in-

juries??, Muscle fatigue is one of the
few factors deteriorating postural
balance parameters in young healthy
subjects as well as in elderly indi-
viduals. The effects of fatigue are
even more pronounced for young
people?’. General and local mus-
cle fatigue may cause postural bal-
ance deficits among young, healthy
athletes, which may lead to a high-
er risk of injuries. Adaptations, such
as proper rest after aerobic exercis-
es and inclusion of postural balance
practice, are needed for injury pre-
vention**. Balance training is essen-
tial for young athletes. In their sys-
tematic review on the effects of bal-
ance training on balance perfor-
mance and their dose-response re-
lationship in youth, Gebel et al.
indicated that balance training im-
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proves static and dynamic balance in
youth and that balance performance
is a prerequisite for becoming a pro-
fessional athlete. Furthermore, there
is a serious civilization issue — a sed-
entary lifestyle — which is associat-
ed with the use of modern technolo-
gies. In research on the subject, it has
been shown that a prolonged dura-
tion of smartphone or computer use
by young healthy subjects may result
in a faulty posture, which leads to
a reduction in postural balance abil-
ity?>¥. A sedentary lifestyle causes
a decline in postural balance among
young healthy individuals compared
to their physically active peers?®?,
This suggests that physical activity
and balance training should be en-
couraged in young healthy popula-
tions. Good balance performance is
needed for a large number of rec-
reational activities with extensive
movements in different directions,
as they result in large displacement
of centre of mass. Balance training
helps improve balance maintenance
in such conditions®. Balance train-
ing in young and healthy people is
also important from the perspective
of balance disorder prevention in an
older age. Sundstrup et al.’! suggest-
ed that lifelong training may influ-
ence postural balance in the future.
Prasertsakul et al.’? proved that bal-
ance training in virtual reality per-
formed by healthy adults can act as
fall prevention in the future. More-
over, balance training among young
adults can improve motor coordina-
tion®?, cognitive functions, such as
memory or spatial cognition®®, the
symmetry of strength on both sides
of the body*, proprioceptive input,
reaction time, specified muscular
strength®® or jumping height’.

A review of the literature allows
to indicate that virtual reality-based
training may be successfully admin-
istered in Old37,38 young12,13,14,39,40,41’
healthy!21314374%41 and  ailing* in-
dividuals, or those who have sus-
tained a mechanical injury®. Vir-
tual reality training has also been
found to be effective in improving
balance as well as gait, reach and
muscle strength® as well as cogni-
tive function in elderly individuals*.
Among young adults with a seden-

© AWF Krakow
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tary lifestyle, virtual reality training
increases physical activity, improves
physical and motor skills as well as
self-perception® and provides en-
joyment to users*. The results of the
present study were compatible with
other research, in which improve-
ment was shown in maintaining bal-
ance for both virtual reality and tra-
ditional training groups measured
among young healthy adults'>!34
whereas different types of virtual re-
ality equipment were used — Ninten-
do Wii'>* and wobble board exer-
gaming system'. Similar findings
were described by Cone et al.” - al-
though the study did not involve
a traditional training group, dynam-
ic balance in young healthy adults
was significantly improved in the
Wii Fit exergaming group. One of
the main limitations of the present
study was the impossibility of com-
paring both training groups and the
control group due to the differenc-
es between groups of these groups
at baseline. Accordingly, Ibrahim et
al.’?, Fitzgerald et al.’® and Vernada-
kis et al.* indicated that despite the
improvement of balance, there were
no significant differences between
the two training programmes'>!340,
There is much less research about
balance training among young
healthy adults, which used the Xbox
Kinect console for exergaming. Bat-
ry et al.' showed a significant be-
tween-group postural control im-
provement in favour of exergaming.
Interestingly, in the study by Barry et
al.'] exactly the same exercises were
used in virtual reality and tradition-
al-based training; the only difference
between interventions was the pres-
ence and absence of virtual stimu-
li, while the present study used sim-
ilar exercises; they slightly differed
between groups. Similar to the pres-
ent study, Su et al.*! investigated the
effect of video games on agility and
balance in young healthy individu-
als, but their study consisted of two
groups — the Xbox Kinect group and
the control group, which received
no training. Despite improved dy-
namic balance in the Xbox Kinect
group, the study did not reveal any
between-group differences in stat-
ic balance, in contrast to the present

study, which demonstrated improve-
ment in sway index with regard to
static balance in both experimental
groups, unlike the control group. An
interesting approach was presented
by Su et al.*!; who conducted a fol-
low-up examination after two and
four weeks of a six-week training
programme. They found incremen-
tal improvements in balance param-
eters at each examination.

Apart from the balance examina-
tion, only in a few studies were the
psychological aspects of the training
evaluated'>'3*47. Most of them indi-
cated a considerable difference with
regard to psychological aspect in fa-
vour of virtual reality training'>!%!]
despite no between-group differ-
ences in training effectiveness on
balance!>¥. The differences were:
a greater score in interest and enjoy#
ment'>B, lower sense of fatiguel,
higher performance expectancy, be-
havioural intention and social influ-
ence'. Additionally, in_the study by
Barry et al.’¥, flow experience (task
concentration, eas€ in playing, clear
feedback, actiomyawareness, altered
perception of time and feeling im-
mersed imythe activity) was signif-
icantly higher in the Xbox Kinect
group. The results show that virtual
réality-based training may be an in-
teresting and encouraging way to in-
sert balance exercises in the training
of young healthy adults. In contrast,
Kliem et al.#” did not demonstrate
any improvement in the well-being
of the individuals exercising with the
Wii Nintendo console. This diver-
gence may result from a difference in
the mean age of examination partic-
ipants — while in the first three stud-
ies'>131* mostly young adults in their
twenties and thirties were examined,
the study by Kliem et al.*” involved
subjects with a vast age range — 18-
67 years old. Interestingly, according
to Subramanian et al.**, motivation-
al factors for playing exergames dif-
fer between young and older adults.
While older people are motivated
by the joy of playing and anticipated
positive health effects, younger peo-
ple’s motivation is based on a game
challenge, in-game rewards and the
ability to personalise games. With
reference to the above, the present
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study used Kinect Sports with a com-
petitive mode, providing a game chal-
lenge for young people. Kinect Sports
also uses in-game rewards, such as
visual information about competi-
tion victory, scoring a goal, breaking
a record, etc., followed by a celebra-
tory music piece. Moreover, at the
end of each performance, users can
watch a short video clip of their best
achievement, which can be down-
loaded or shared on social media.
This fulfils the need of young players
to personalise games.

The present study had a few limi-
tations. One of them was the impos-
sibility to compare the effects of the
intervention between groups due to
the differences that occurred between
the groups at baseline. The rando-
misation did not work possibly due
to an unknown variable, which ap-
peared as a confounder. According to
Saint-Mont’s* mathematical models,
in small and medium-sized samples,
random allocation generally demon-
strates between-group imbalance.

Another limitation of the present
study is the fact that some of the re-
sults, such as the error count on the
stable surface, total error count and
mean sway index on the stable and
unstable surfaces in Group VR, as well
as the mean sway index on the stable
surface in Group T, were of borderline
statistical significance. It is probable
that, with a larger sample, the chang-
es could be statistically significant and
show a decrease in both the total error
count and sway index, which should
be confirmed in further research.

Additionally, the duration and in-
tensity of the training was a limi-
tation of the present study. In stud-
ies investigating virtual reality bal-
ance training effectiveness on young
healthy adults, four!>!) six”*! or
even eight weeks of training were ap-
plied*. The above overview of the lit-
erature reveals that the shortest num-
ber of studies involved three weeks of
training®. If the training programme
administered in this study had last-
ed longer or been more intensive,
the results would have probably re-
vealed a more pronounced difference
between the interventions. Further
studies should be performed to estab-
lish how the increased frequency or
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intensity of training affects balance.
The differences between the two ex-
perimental groups under the same
conditions should also be compared.

Although in the majority of stud-
ies it is demonstrated how effective
balance training is after four or more
weeks, there are reports indicating
that it may be effective even after two
weeks®. Su et al.*l; who investigat-
ed the effect of video games on agili-
ty and balance in healthy individuals,
showed that virtual reality can im-
prove balance after six, four or even
two weeks. The present study was fo-
cused on two weeks of training to
measure the shortest possible train-
ing time for balance improvement in
young healthy adults.

CONCLUSIONS

In the study, primary and secondary
research questions were verified. In
conclusion, the study results allow to
confirm that two-week Xbox 360 Ki-
nect whole-body training improves
postural balance on stable and unsta-
ble surfaces in young healthy adults.
Also, two-week conventional all-
round training designed in the study
improved postural balance on stable
and unstable surfaces. Unfortunate-
ly, the comparison between these two
types of training was impossible due
to the identified differences between
the groups at baseline.

Concluding, virtual reality in the
form of video games played on the
Xbox 360 Kinect console may be an
effective method of balance training
in young healthy adults. Additionally,
it is likely that video game-based bal-
ance training may increase the mo-
tivation to exercise. This aspect re-
quires further research.

The results obtained in the present
study provide a basis for continuing
randomised prospective studies on
the use of virtual reality techniques in
balance training, both as “monother-
apy” and in combination with con-
ventional exercises.
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This study was financed from the NCBIR fund
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References

1.

12

Tylor M.J.D., McCormick D., Shawis T. et al.
Activity-promoting gaming systems in exer-
cise and rehabilitation. J Rehabil Res Dev
2011; 48(10): 1171-1186.

Parker M., Delahunty B., Heberlein N. et
al. Interactive gaming consoles reduced
pain during acute minor burn rehabilitation:
A randomized, pilot trial. Burns 2016; 42(1):
91-96.

Shumway-Cook A., Woolacott M.H. Nor-
mal Postural Control. In: Shumway-Cook
A., Woolacott M.H. (editors). Motor control
translating research into clinical practice.
Wolters Kluwer Health 2012: 161-194.

Lee N.G., Kang T.W., Park H.J. Relationship
between balance, gait, and activities of daily
living in older adults with dementia. Geriatr
Orthop Surg Rehabil 2020; 11: 1-7.

Wang H., Ji Z., Jiang G. et al. Correlation
among proprioception, muscle strength,
and balance. J Phys Ther Sci 2016; 28:
3468-3472.

Hayashi D., Gongalves C.G., Parreira R.B.
et al. Postural balance and physical activi-
ty in daily life (PADL) in physically indepen-
dent older adults with different levels of aero-
bic exercise capacity. Arch Gerontol Geriatr
2012; 55(2): 480-485.

Cone B.L., Levy S.S., Goble D.J. Wii Fit exer-
game training improves sensory weighting
and dynamic balance in healthy young adu=
Its. Gait Posture 2015; 41(2): 711-715.
Kanekar N., Aruin A.S. The effect of aging on
anticipatory postural control. Exp Brain Res
2014; 232: 1127-1136.

Tsai Y.C., Hsieh L.F, Yang S. Age-related
changes in posture response ‘under a con-
tinuous and unexpectedgperturbation. J Bio-
mech 2014; 47(2): 482-490.

Sivakumaran S., Sghinkel-lvy A., Masani K.
et al. Relationship between margin of stabi-
lity and deviations in spatiotemporal gait fe-
atures in healthy young adults. Hum Mov Sci
2018; 57: 366-373.

Han J4 Anson J., Waddington G. et al. The
Role ‘ofyAnkle Proprioception for Balan-
ce Control'in relation to Sports Performan-
ce ‘and Injury. Biomed Res Int 2015; 2015:
842804.

lbrahim M.S., Mattar A.G., Elhafez S.M. Effi-
cacy of virtual reality-based balance training
versus the Biodex balance system training
on the body balance of adults. J Phys Ther
Sci 2016; 28(1): 20-26.

Fitzgerald D., Trakarnratanakul N., Smyth B.
et al. Effects of a wobble board-based the-
rapeutic exergaming system for balance tra-
ining on dynamic postural stability and intrin-
sic motivation levels. J Orthop Sports Phys
Ther 2010; 40(1): 11-19.

Barry G., von Schaik P., MacSween A. et al.
Exergaming (XBOX Kinect™) versus traditio-
nal gym-based exercise for postural control,
flow and technology acceptance in healthy
adults: a randomised controlled trial. BMC
Sports Sci Med Rehabil 2016; 8(25): 1-11.
Hung Y.X., Huang P.C., Chen K.T. et al. What
do stroke patients look for in game-based re-
habilitation: A survey study. Medicine (Balti-
more) 2016; 95(11): 1-10.

Hadamus A., Bialoszewski D., Btazkiewicz
M. et al. Assessment of the effectiveness of
rehabilitation after total knee replacement
surgery using sample entropy and classical
measures of body balance. Entropy 2021;
23(2): 164-172.

Chang Y.J., Chen S.F.,, Huang J.D. A Kinec-
t-based system for physical rehabilitation: A
pilot study for young adults with motor disa-
bilities. Res Dev Disabil 2011; 32(6): 2566-
2570.

Heijnen M.J.H., Rietdyk S. Falls in young
adults: Perceived causes and environmental
factors assessed with a daily online survey.
Hum Mov Sci 2016; 46: 86-95.

Bell D.R., Guskiewicz K.M., Clark M.A. et al.
Systematic review of the balance error sco-

DOI: 10.5604/01.3001.0054.2792

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

eISSN 1896-3250

ring system. Sports Health 2011; 3(3): 287-
295.

Calderon-Garciduefias L., Torres-Solorio
AK., Kulesza R.J. et al. Gait and balance di-
sturbances are common in young urbanites
and associated with cognitive impairment.
Air pollution and the historical development
of Alzheimer’s disease in the young. Environ
Res 2020; 191: 110087. PMID: 32890478.
Park J.H., Mancini M., Carlson-Kuhta P. et al.
Quantifying effects of age on balance and
gait with inertial sensors in community-dwel-
ling healthy adults. Exp Gerontol 2016; 85:
48-58.

Lesinski M., Hortobagyi T., Muehlbauer T. et
al. Dose-response relationships of balance
training in healthy young adults: a systematic
review and meta-analysis. Sports Med 2015;
45(4): 557-576.

Parreira R.B., Amorim C.F., Gil AW. et al. Ef-
fect of trunk extensor fatigue on the postural
balance of elderly and young adults during
unipodal task. Eur J Appl Physiol 2013; 113:
1989-1996.

Steinberg N., Eliakim A., Zaav A. et al. Postu-
ral balance following aerobic fatigue tests: A
longitudinal study among young athletes. J
Mot Behav 2016; 48(4): 332-340.

Gebel A, Lesinski M., Behm D.G. et al. Ef-
fects and dose-response Relationship of ba-
lance training on balance performance in
youth: A systematic review and meta-analy-
sis. Sports Med 2018; 48(9): 2067-2089.
Kang J.H., Park RY., Lee S.J. et al. The effect
of the forward head posture on postural ba-
lance in long time computer based worker.
Ann Rehabil Med 2012; 36(1): 98-104.
Alshahrani A., Aly S.M., Abdrabo M.S. et al.
Impact of smartphone usage on cervical
proprioception and balance in healthy adu-
Its. Biomed Res 2018; 29(12): 2547-2552.
Petroman R., Rata A.L. Balance performan-
ce in sedentary and active healthy young in-
dividuals — a cross-sectional study. Phys
educ stud 2020; 24(2): 115-119.

Aras D., Kitano K., Phipps A. et al. The com-
parison of postural balance level between
advanced sport climbers and sedentary
adults. Int J App Exerc Physiol 2018; 7(3):
2322-3537.

Yaggie J.A., Campbell B.M. Effects of ba-
lance training on selected skills. J Strength
Cond Res 2006; 20(2): 422-428.

Sundstrup E., Jakobsen M.D., Andersen J.L.
et al. Muscle function and postural balance
in lifelong trained male footballers compared
with sedentary elderly men and youngsters.
Scand J Med Sci Sports 2010; 20(1): 90-97.
Prasertsakul T., Kaimuk P., Chinjenpradit W.
et al. The effect of virtual reality-based ba-
lance training on motor learning and postu-
ral control in healthy adults: a randomized
preliminary study. Biomed Eng Online 2018;
124:1-17.

Oliveira A.S., Silva P.B., Lund M.E. et al. Ba-
lance training enhances motor coordination
during a perturbed sidestep cutting task. J
Orthop Sports Phys Ther 2017; 47(11): 853-
862.

Rogge A.K., Roder B., Zech A. et al. Balan-
ce training improves memory and spatial
cognition in healthy adults. Sci Rep 2017,
5661(7): 1-10.

Sannicandro I., Cofano G., Rosa R.A. et al.
Balance training exercises decrease lower
-limb strength asymmetry in young tennis
players. J Sports Sci Med 2014; 13(2): 397-
402.

Granacher U., Gollhofer A., Kriemler S. Ef-
fects of balance training on postural sway,
leg extensor strength, and jumping height in
adolescents. Res Q Exerc Sport 2010; 81(3):
245-251.

Bieryla K.A. Xbox Kinect training to improve
clinical measures of balance in older adults:
a pilot study. Aging Clin Exp Res 2016; 28(3):
451-457.

Wiest S., Borghese N.A., Pirovano M. et al.
Usability and effects of an exergame-based

© AWF Krakow



Medical Rehabilitation / Rehabilitacja Medyczna (Med Rehabil) 2023, 27 (3): 0-00

39.

40.

41,

42.

43.

44,

balance training program. Games Health J
2014; 3(2): 106-114.

Vernadakis N., Derri V., Tsitskari E. et al. The
effect of Xbox Kinect intervention on balance
ability for previously injured young competiti-
ve male athletes: A preliminary study. Phys
Ther Sport 2014; 15(3): 148-155.

Vernadakis N., Gioftsidou A., Antoniou P.
et al. The impact of Nintendo Wii to physi-
cal education students’ balance compared
to the traditional approaches. Comput Educ
2012; 59(2): 196-205.

Su K., Chang Y.K,, Lin Y.J. et al. Effects of
training using an active video game on agi-
lity and balance. J Sports Med Phys Fitness
2015; 55(9): 914-921.

Park D.S., Lee D.G., Lee K. et al. Effects of
virtual reality training using Xbox Kinect on
motor function in stroke survivors: A prelimi-
nary study. J Stroke Cerebrovasc Dis 2017;
26(10): 2313-2319.

Sato K., Kuroki K., Saiki S. et al. Improving
walking, muscle strength, and balance in
the elderly with an exergame using Kinect: A
randomized controlled trial. Games Health J
2015; 4(3): 161-167.

Amijad |., Toor H., Niazi I.K. et al. Xbox 360
Kinect cognitive games improve slowness,

45.

46.

47.

48.

49.

50.

complexity of EEG, and cognitive functions
in subjects with mild cognitive impairment:
A randomized control trial. Games Health J
2019; 8(2): 144-152.

Vojciechowski A.S., Natal J.Z, Gomes
A.R.S. et al. Effects of exergame training on
the health promotion of young adults. Fisio-
ter Mov 2017; 30(1): 59-67.

Yang C., Wickert Z., Roedel S. et al. Time
spent in MVPA during exergaming with Xbox
Kinect in sedentary college students. Int J
Exerc Sci 2014; 7(4): 286-294.

Kliem A., Wiemeyer J. Comparison of a tra-
ditional and a video game based balance
training program. Int J Comput Sci Sport
2010; 9: 80-91.

Subramanian S., Dahl Y., Maroni N.S., et al.
Assessing motivational differences between
young and older adults when playing an
exergame. Games Health J 2020; 9(1): 24-
30.

Saint-Mont U. Randomization does not
help much, comparability does. PLoS 2015;
20(10): 1-24.

Giboin L.S., Gruber M., Kramer A. Task-spe-
cificity of balance training. Hum Mov Sci
2015; 44: 22-31.

DOI: 10.5604/01.3001.0054.2792

elSSN 1896-3250 © AWF Krakow

Address for correspondence

Marta Grabowicz
ORCID number: 0000-0003-4683-0782
Medical University of Warsaw

Department of Rehabilitation, Faculty of Medical

Sciences

ul. Ks. Trojdena 2c¢, 02-109 Warsaw, Poland
Phone No. +48 22 57 20 920

e-mail: marta.grabowicz@wum.edu.pl



