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Abstract

Purpose This study aimed to investigate the effectiveness of a 5-week virtual reality training protocol on static and dynamic
balance and flexibility compared to a traditional training protocol in healthy adult females.

Methods Twenty-one healthy female adults (age, 49.81 +2.99 years) were randomly assigned into three groups: Virtual
Reality (VR; n=7) that performed a 5-week exergame training protocol; Traditional Training (TR; n=7) that performed a
specific training protocol on balance, and lower limbs and abdominal strength; and waitlist control group (CG; n=7) that
continued their daily activities without any type of structured physical activity. Static balance was assessed by the ellipse
area and statokinesigram parameters (Romberg test, in the open-eye (OE) and closed-eye (CE)), dynamic balance by the star
excursion balance test on the right and left leg, and flexibility by the sit and reach test.

Results After the intervention, VR and TR groups showed a significant improvement in static and dynamic balance and
flexibility (all p<0.001) compared to the CG. Compared to TR, the VR training protocol showed greater effect sizes and
was more effective in percentage terms on all measured variables, particularly for Sit and Reach (82% vs. 35%), except the
OE Area (42% vs. 49%).

Conclusions Findings suggest that both a 5-week VR training protocol and a 5-week TR protocol may significantly improve
static and dynamic balance and flexibility in healthy female adults. The VR training protocol showed a greater effect size
compared to the TR training protocol, although it was not statistically significant. Future randomized controlled studies with
a larger sample size and longer training protocols are needed to confirm this finding.
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Introduction

To date, due to significant advances in medical knowledge
and public health, there has been a significant increase in
life expectancy with an increase in the elderly population.
The World Health Organization (WHO) has predicted that
the elderly will exceed 780 million people by 2025 [1].
This phenomenon has led to an increased focus on the
lifestyle of the elderly. Maintaining balance and functional
mobility understood as the ability to move from place to
place, overcome obstacles and participate in activities of
daily living is a fundamental requirement for maintaining
a good quality of life [2]. Advancing age and related dis-
eases can alter balance and the ability to perform activities
of daily living and increase the risk of falls [3]. Although
multiple factors and co-morbidities are related to falls in
the elderly, balance and gait disorders are among the most
common causes [4]. Reduced flexibility may affect stabil-
ity while decreased balance may increase the risk of falls
[5], particularly in women for whom there appears to be a
higher incidence than in men [6]. In contrast to studies on
the elderly population, subjects over the age of 65, little
attention is given to fall risk factors in young and middle-
aged adults [7]. The same authors suggest that falls defined
as accidental can occur in people of all ages and is not
exclusively limited to the elderly population. Traditional
training that stimulates the vestibular system and motor
control through monopodalic and bipodalic exercises on
both flat surfaces and unstable platforms appears to be
an excellent option for improving balance and preventing
falls [8, 9].

Recently, the use of virtual reality and related exer-
games has emerged as a viable alternative to traditional
training [10-13]. Exergames are interactive games that
take advantage of virtual reality technology through
three-dimensional camera systems combined with human
skeletal tracking software, such as the Microsoft Kinect
[10], which observes and reproduces users’ body move-
ment live, providing users with the ability to correct and
improve motor control [11]. These interactive games
include both exercises whose main task is eye-hand coor-
dination such as moving or grasping objects, and exercises
with basic motor patterns such as jumping or sliding, but
also sports games such as skiing, tennis, dancing or box-
ing, making these activities more enjoyable and motivating
[12]. The field of use of virtual reality is wide-ranging;
in fact, the scientific literature is studded with studies in
which exergames are implicated both in rehabilitation
strategies for cognitive-motor impairments such as Parkin-
son’s and stroke [13—16], both to promote psycho-physical
wellbeing in the elderly by promoting the development of a
healthy and active lifestyle [11, 17-20] but also to improve

@ Springer

motor learning in young people of developmental age [21,
22]. Babadi and Daneshmandi [23] showed that a virtual
reality training protocol using exergames was effective
in improving balance compared to the control group but
was not significantly more efficient than traditional train-
ing. In contrast, Sadeghi et al. [24] stated that an 8-week
virtual training protocol was more effective in improving
balance than the traditional protocol. Furthermore, they
suggest that a combined training protocol is more efficient
in improving balance than virtual and traditional training
administered individually.

Ren et al. [25] in a meta-analysis suggest that virtual
reality-based intervention was more effective than tradi-
tional interventions in improving physical function, bal-
ance, and reducing the risk of falling in the elderly with
balance problems. Chen et al. [26] evidence that simplified
and personalized Tai-Chi training conducted through of
reality induced greater improvement in balance control
and functional mobility than traditional Tai-Chi exercises.
Moreira et al. [27] in a study designed to compare an exer-
game (EQG) training program with a 12-week traditional
multicomponent (MG) training program on a group of
prefragile elderly, showed that EG might be a better alter-
native for improving cognition, while MG might be a bet-
ter option for providing physical function gains. However,
more recently Maranesi et al. [28] suggest that exergames
can effectively train cognitive and physical domains as
effectively as traditional exercises in individuals with Par-
kinson's disease.

Although a small number of studies investigated the
effects of virtual training and confirmed its effectiveness
in improving balance and flexibility, the authors did not
always define the intensity, progressions, and structure of
the protocols. Therefore, to date, it is not clear whether
there is a significant difference between virtual training
and traditional training based on structured protocols
for improving balance and flexibility. Finally, the stud-
ies performed almost always used elderly subjects with
associated co-morbidity, and considering the preventive
value of exercise, it might be useful to evaluate healthy
adult subjects. Therefore, this study aimed to investigate
the effectiveness of a 5-week virtual training protocol on
balance and flexibility compared to a traditional training
protocol in healthy adult females.

Hypotheses

We hypothesized that: (1) a virtual training protocol would
increase static and dynamic balance and flexibility in healthy
adult females; (2) a virtual training protocol would more
effectively increase static and dynamic balance and flexibil-
ity than a traditional training protocol.
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Materials and methods
Study design and participants

This study used a prospective longitudinal randomized
controlled study design. Test data were collected before
and after five weeks of the experimental intervention to
analyze the effects of a training protocol through virtual
reality on balance and flexibility and compare it with a
traditional training protocol. The data collection, pre- and
post-treatment tests and training protocols were performed
at an amateur sports association in the province of Bari
(Ttaly).

To establish the sample size needed for the study, an
a priori power analysis [29] with an assumed type I error
(o) of 0.05 and a type II error rate () of 0.20 (80% sta-
tistical power) was calculated and revealed that 21 par-
ticipants in total would be sufficient to observe moderate
“time X group” interaction effects.

Twenty-one healthy adult females (mean
age 49.81 +2.99 years) were recruited and ran-
domly assigned to 3 groups: virtual reality train-
ing (VR; n=7, age=49.86 +3.18 years, body
height=161.14 +8.55 cm, body mass =65.57 +9.59 kg,
BMI=25.24+3.09 kg/mz); traditional training (TR; n=7,
age =50.14 +2.67 years, body height=165.00+7.19 cm,
body mass=72.93+14.86 kg, BMI=26.78 +5.10 kg/
mz); and waitlist control group (CG; n=7,
age =49.43 +3.50 years, body height=159.71+5.79 cm,
body mass = 60.43 +6.63 kg, BMI=23.70 + 2.47 kg/m?).
Simple randomization was carried out through software
available online (www.randomizer.org) and this allowed
participants to be randomly assigned to groups preventing
any selection bias since the influence of external factors
or researcher biases in the distribution of participants was
eliminated. In addition, the randomization list was kept
hidden in the PC of one of the two researchers who then
administered the treatments during the study. Body mass
and body height were measured using the C201 Wunder
medical scale. Body mass index (BMI) was calculated
according to the formula: body mass in kg/body height
in m?,

Forty adult females were contacted through e-mail
invitations and word of mouth, without offering them
any financial compensation. Before the start of the inter-
vention, all participants signed an informed consent and
self-reported their health status as healthy and all resided
in the same city, with a roughly similar socio-economic
background. This study was conducted in accord-
ance with the Declaration of Helsinki and approved by
the Ethics Committee of the Bari University (protocol
code 0015637116/02/23). Firstly, we recognized several

potential risks associated with the study. Physical risks
were inherent in the training activities, whether virtual
reality or traditional, as there was always a possibility of
injury. Psychological risks also needed to be considered,
as engaging in new activities could potentially cause anxi-
ety or stress. To mitigate these risks, we implemented key
strategies. One of the most important steps was obtain-
ing informed consent from all participants. This process
ensured that they were fully aware of the study's potential
benefits, and risks. They were also assured that partici-
pation was voluntary and that they could withdraw from
the study at any time without any repercussions. Eligi-
bility screening process helped to reduce the likelihood
of physical harm. During the training sessions, supervi-
sion by trained professionals was provided to address any
immediate physical discomfort or injuries. Participants
were also given a thorough orientation before the start
of the study, which included detailed instructions on the
training protocols, proper use of equipment, and safety
measures. Monitoring the participants' health and well-
being throughout the intervention was an ongoing pro-
cess. In case of adverse events, we had a clear protocol
for immediate response, including providing first aid and
arranging professional support. Participants would have
received ongoing support and referrals if needed to ensure
full recovery. However, no adverse events were observed,
likely due to our rigorous risk mitigation strategies and
careful monitoring. All participants were informed in
advance about the procedure, benefits, risks, and purpose
of the study. Inclusion criteria were: (1) no training pro-
tocols aimed at improving the variables under analysis
either through exergames or traditional training protocols
in the last 6 months; (2) age between 45 and 55 years;
(3) no history of injuries or fractures that would conflict
with the study; (4) no intake of drugs that could affect
postural control; (4) no alcohol intake for at least 12 h
before the procedure. Participants were excluded in the
presence of (1) pregnancy; (2) neurological diseases; (3)
musculoskeletal pain; and (4) uncorrectable hearing and/
or vision problems. A sample of healthy adult women,
aged 45-50 years, made it possible to evaluate the effects
of training protocols in the absence of confounders due
to pre-existing conditions. An older sample would have
brought with it a greater decline in physical and cognitive
functions physiological to ageing. This aspect, in line with
the primary objective of our study, allowed a more accu-
rate comparison of the two training protocols. The flow
chart of the study design is shown in Fig. 1.

Procedures and measures

Measurements were taken at baseline (pre-test) and
after 5 weeks of intervention (post-test). Both pre- and
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Assessed for eligibility (n = 40)

-
=
E Excluded (n = 19)
= Not meeting inclusion criteria
e | (n=10had already performed balance training
ﬁ protocols)

(n =5 had musculoskeletal pain)

(n = 4 had fractures in the past)

‘ Randomized (n = 21) ’

‘g Allocated to Virtual Reality group (n=7) Allocated to Traditional Training group (n =7) Allocated to Control group (n=7)
§ Did not receive allocated intervention (n =0) Did not receive allocated intervention (n =0)
<
8
3 - Analyzed (n = 7) - Analyzed (n=7) - Analyzed (n = 7)
E - Excluded from analysis (n = 0) - Excluded from analysis (n = 0) - Excluded from analysis (n = 0)

Fig. 1 Flow diagram of study design

post-intervention data were collected on 2 separate days;
the post-test was performed 72 h after the training proto-
col. On the first day, flexibility and dynamic balance were
assessed, and on the second day, static balance was assessed.
All measurements were performed in the same order and
by the same qualified operator blinded to the purposes of
the study and groups allocation. In our study, we employed
several strategies to ensure blinding and minimize bias.
Firstly, the participants were unaware of the objective of
the experimentation. Secondly, who administered the treat-
ments were not involved in the collection or analysis of
outcome data. This prevented them from potentially influ-
encing the outcome assessments. The key to reducing bias
in outcome assessments was blinding the outcome asses-
sors. The outcome assessors were completely blind to the
participants' treatment conditions. To achieve this, assess-
ments were conducted using anonymous codes for partici-
pants, ensuring that the assessors did not know to which
group the participants belonged. Additionally, measurement
tools and data collection procedures were standardized to
minimize the possibility of unconscious bias by the asses-
sors. We verified the success of our blinding procedures
by asking outcome assessors to guess the group allocation
of participants at the end of the study. This allowed us to
analyze whether their guesses were significantly better than
chance, thereby confirming the effectiveness of the blinding.
Additionally, all personnel involved in the study received a
periodic monitoring and audits to ensure that blinding pro-
cedures were strictly adhered to throughout the study. These
measures helped to minimize the risk of bias and ensure that
the outcome assessors remained unaware of the participants'
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treatment conditions. The participants were unaware of the
study hypotheses, but inevitably knew what type of training
they were following, which could represent, even indirectly,
a limitation to the blinding procedure.

Sit and reach test

The Sit and Reach test is a test widely used as a flexibility
test of the lower back and posterior thigh muscles [30]. The
test was performed using the Sit and Reach Box Metal. The
participants performed the test without shoes and with their
palms facing downwards. The examiner recorded the test
after two seconds of maintaining maximum torso flexion.
Each participant performed three trials, and the best score
between the trials was recorded. The test—retest reliability
reported high reliability for the sit and reach (ICC=0.97).

Star excursion balance test

The Star Excursion Balance Test (SEBT) is a widely used
field test to assess dynamic balance [31, 32] that is expressed
as the maximum distance participants can reach with their
foot in 8 directions while maintaining a one-legged stance.
Participants performed the test without footwear and to be
assessed they performed 2 familiarization tests. Each par-
ticipant performed three trials, and the best score between
the trials was recorded. The score was obtained by averaging
the scores of the eight directions. The test—retest reliability
reported high reliability for SEBT on the right (R) and left
(L) leg (ICC=0.94).



Sport Sciences for Health

Romberg test

The Romberg test is widely used to assess static balance
[33]. The stabilometric analysis consists of detecting body
oscillations while the subject maintains the orthostatic
position. The test was performed on the 6-cell stabilometric
platform in the D-Wall (Tecnobody Srl, Dalmine, Italy), all
participants performed the test without shoes in the open-eye
(OE) and closed-eye (CE) variants for 30”. For the assess-
ment of static balance, center of pressure (COP) parameters
were considered, including ellipse of area and perimeter.

Intervention protocol

The intervention lasted five weeks. After data collection, the
subjects of the VR and TR groups performed balance and
flexibility training twice a week for a total of 10 sessions
each lasted 60, divided into three parts: (1) 10 min warm-up
with aerobic warm-up and joint mobility; (2) 40 min training
session; (3) 10 min cool down with stretching exercises and
self-massage with a foam roller. The duration of the inter-
vention was 5 weeks because it was based on the actual time
availability and management skills of the participants. In
addition, other studies have shown significant improvements
in balance and flexibility with a frequency of two sessions
per week [34, 35].

The CG were asked to continue their daily activities such
as walking, hiking and outdoor outings but to avoid initiating
any type of motor activity and structured exercise during the
intervention period in order not to interfere with the trial.
After completion of the study, they were invited to voluntar-
ily participate in the program for 5 weeks by choosing the
protocol to follow.

Virtual training

The VR group, training through virtual reality, performed
training sessions using D-Wall (Tecnobody Srl, Dalmine,
Italy) and Postural Bench. The D-Wall includes a 3D cam-
era, a 65" LCD screen, a 15.6” touch screen tablet, a strength
platform and a configuration software divided into Rehab,
Health Fitness and Sport. The full HD infrared camera can
detect the joints and body segments, position, and move-
ments of the player. The immersive virtual reality on the
screen of this system reproduces the player’s movements
in virtual environments and provides visual and auditory
biofeedback necessary to immediately correct the perfor-
mance. For the intervention, the participants were posi-
tioned on the force platform 1.5-2 m from the camera. For
physical conditioning and balance, the Sports package was
used in the Move section, which includes games in a vir-
tual environment such as skiing, football, basketball, tennis,
and boxing. For motor control and cognitive conditioning,

participants played 2 games from the Exergames package,
which includes a total of 8 interactive games with different
characteristics. Specifically, the games Equilibrium and Fly
were proposed, in which movement control and COP control
in both the anteroposterior and mid-lateral directions were
required with precision. The executions dictated by the tasks
of the different games were interspersed with 60" of passive
recovery. In addition, the interactive game implemented in
the Postural Bench software was used for flexibility train-
ing. The intensity was progressively increased in relation
to the levels of difficulty proposed in the various games.
Every 4 training sessions the intensity was measured through
the OMNI-Resistance Exercise of Perceived Exertion 0-10
scale, aiming for a perceived intensity between 7 and 8 [36]

(Suppl.1).
Traditional training

The TR group performed traditional training sessions
through free-body and counter-resistance muscle strength-
ening exercises, abdominal strengthening exercises and
balance exercises in both monopodalic and bipodalic. Spe-
cifically, the participants performed timed standing, toe
and heel exercises in both bipodalic and monopodalic, with
open and closed eyes. In addition, they performed squats
and lunges, farmer walks, calf raises, planks and lateral
planks. Initially, both timed and repetition exercises were
structured in 1-2 sets for 15"-20" or 6-8 repetitions. The sets
were interspersed with a 60" passive recovery. As the par-
ticipants progressed, the sets, running time, repetitions and
loads were increased where appropriate up to 3 sets for 60"
or 12 repetitions for a perceived intensity of 70/80% of 1RM.
Again, intensity was measured every 4 training sessions via
the OMNI-Resistance Exercise of Perceived Exertion 0—10
scale, aiming for a perceived intensity between 7 and 8 [36].

Adherence and intervention fidelity

Training sessions were facilitated by a certified trainer and
supervised by a researcher not involved in testing. The train-
ers monitored the rate of adherence with the use of logbooks.
The mean number of sessions attended out of a total of 10
sessions were calculated.

Statistical analyses

Statistical analyses were conducted using the JASP soft-
ware v. 0.17.2.1 (JASP Team, 2023; jasp-stats.org). Data
were presented as group mean values + standard deviations
(SD) and were checked for assumptions of homogene-
ity of variances via Levene’s test. The Shapiro—Wilk test
was used to test the normality of all variables. A two-way
ANOVA [group (virtual training/traditional training/control
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group) X time (pre/post-intervention)] with repeated meas-
ures was performed to analyze the effect of the training on
all dependent variables. Subsequently, when “group X time”
interactions showed significance, Tukey's post-hoc test was
conducted to identify significant comparisons within groups.
Percentage changes were calculated as [(post-training value
— pre-training value)/pre-training value] x 100.

Partial eta squared (ns) was used to estimate the magni-
tude of the difference within each group and defined as fol-
lows: small: ’15 <0.06, moderate: 0.06 < 11; <0.14, and large
effect size (ES): ’7;2) >0.14. In addition, Cohen’s d was calcu-
lated for the post hoc tests. The criteria to interpret the mag-
nitude of Cohen’s d were as follows: small: 0.20<d <0.50,
moderate: 0.50<d<0.79, and large ES: d >0.80 [37]. Sta-
tistical significance was set a priori at p<0.05.

Results

Participant characteristics, adherence, and adverse
events

Participant characteristics and anthropometric data meas-
ured at baseline are shown in Table 1. All participants com-
pleted the protocol, without drop-outs. A good adherence to
the intervention protocols was reported, as all participants
attended at least 85% of the exercise sessions. During the
5-week intervention period, no adverse events or health
problems were observed in the participants. The participants
were satisfied with the results of the intervention and stated
that they intended to continue physical activity on their own.

Outcome measures

After the 5-week intervention, all the variables showed a sig-
nificant Time X Group interaction (p < 0.001) that indicated
the effectiveness of the experimental intervention. Tukey’s
post-hoc test was then performed to investigate the differ-
ences within groups. Table 2 shows that for all variables con-
sidered, both virtual reality and traditional training protocols

resulted in statistically significant improvements (p <0.001),
compared to the control group (p > 0.05).

The analysis showed that, for the OE Area (Fig. 2),
the VR group (A e/poq=— 85.40 +18.93 mm*; 95% CI
67.28-103.51) improved by 42% compared to the TR group
(Aprerpost =— 85.50+ 14.65 mm?; 95% CI 67.38-103.61),
which improved by 49%.

For the CE Area (Fig. 3), the VR group
(A prespost = —108.48 + 58.55 mm?; 95% CI 63.83-153.12)
showed a 50% improvement over the TR group
(A prespost = —82.13 £ 15.22 mm?; 95% CI 37.48-126.77),
which improved by 43%.

For the OE Perimeter (Fig. 4), the VR group
(Aprerpost = —90.36 £36.76 mm; 95% CI, 61.06 to
119.66) improved by 17% compared to the TR group
(Aprespost = —82.99 £12.04 mm; 95% CI 53.69-112.29),
which improved by 16%.

For the CE Perimeter (Fig. 5), the VR group
(Aprespost = —107.43 +38.47 mm; 95% CI, 70.93 to
143.91) improved by 19% compared to the TR group
(Aprespost = —88.64£30.61 mm; 95% CI 52.14-125.12),
which improved by 17%.

For the SEBT-R (Fig. 6), the VR group
(A prerpost =4-84+1.26 cm; 95% CI —6.03 to —3.64) improved
by 8% compared to the TR group (A e/pos =3.80+0.78 cm;
95% CI —5.00 to —2.61), which improved by 6%.

For the SEBT-L (Fig. 7), the VR group
(Aprerpost =440+ 1.23 cm; 95% CI —5.92 to —2.88) improved
by 7% compared to the TR group (A /o =3.24 + 1.44 cm;
95% CI —4.76 to —1.72), which improved by 5%.

For the Sit and Reach (Fig. 8), the VR group
(A prefpost=3-33+0.67 cm; 95% CI —4.06 to —2.59) improved
by 82% compared to the TR group (A /o =2-10£0.63 cm;
95% CI —2.83 to —1.36), which improved by 35%.

Discussion

This study aimed to investigate the effectiveness of a 5-week
virtual reality training protocol on balance and flexibility
compared to a traditional training protocol in healthy adult
females. It was hypothesized that: (1) a virtual training

Table 1 Characteristics of the
study participants

Virtual reality (n="7)

Traditional training (n=7)  Control group (n=7)

Mean SD Mean SD Mean SD
Age (years) 49.86 3.18 50.14 2.67 49.43 3.50
Body height (cm) 161.14 8.55 165.00 7.19 159.71 5.79
Body weight (kg) 65.57 9.59 72.9 14.86 60.43 6.63
BMI (kg/m?) 25.24 3.09 26.78 5.10 23.70 247

Data are expressed as mean + standard deviation (SD)

BMI body mass index

@ Springer



Sport Sciences for Health

(100°0 > d) 1s91-01d Woiy JuaIYIp APUEdYIUSIS,

1S9 YOoBAI PUe JIS YPS 1] 7 WSIII Y ‘1S9 90UB[eq UOISINIXA IBIS [gHS ‘QA-Pasold 7)) ‘9ka-uado 7 ‘WeISIsouryoiels 421auiag osdif[o oy jo eare vasy

d

$1°0< M: 19Z1S 10930 93Ie[ pue ‘41°0> M: S 9(°( :9)eIpOW ‘9’0 > Mr ‘[rews :uoneaidiojur az1s 10030 7 (([S) UOTIRIAGD PIEpUE]S F Ueaw St passoidxd a1 ele(]

€260 100°0> 8¥C9S €60 1000> TBIVIT LLOO ¥VILO €ve€'0 69F ¢8C  CLY ¢€L'S 0T «€I'8 9¢°C €09 8LT «8¢L LOE SOF (wo) ¥2pS
YPL'0 1000> ICI9C TH80 100°0> 096'S6 6C0°0 89L0 LI9TO €L'S SO0'€9 SL'S LOCY Wy «bb'e9 €Ly 0009 S991 %089 T69I 69°¢9 (wo) T-1.94S
$98°0 1000> 06¢°LS €160 T000> T6888I €000 €L6'0 LTOO 08L 9¢€9 0SL 65€9 €96 %2099 0SS TCT9 Wrel LS9 vIEl €509 (wo) ¥-1.94S
()
SvL'0 T100°0> 9LT9C ¥98°0 100°0> 000¥IT #SI'0 CTCTO LEG'T SO'09 L869Y 9106 690LY €L8Y «ELIEy 1CTCC LEOCS SO'09 «L8°69v COSY OCLLS  IelWLsd D
()
S6L°0 T00°0> 0O¥8¥E 6L8°0 1000> LSLOET OVTO ¥80°0 9¥8CT 1169 8y €Iy 60°€9 8L'IIY 9TTY «6T1CH TI9Y 8TYOS 6S°S9 =L9°LEy €F'SS €0'8CS  Iewuilled HO
()
8990 1000> L608I S6L°0 1000> TP6'69 0100 €160 1600 65SS ¥YOV9I 6T9S vL¥I91 8CTOS «¥6'0IT LTy LOC6I SY¥S «LT60I €TI0l SL°LIT Baly 90
()
¥06'0 100°0> 8S0°S8 0S6'0 I00°0> TI9¥'8EE 6L0°0 9L¥V'O PLLO 09°SY 96 V¥l LL6V I8¥rl CTL'ET *xSL'88 LOLE STVYLI 1TSS #8861 $87C9 8TSOC BV 4O
as ueN dS UueN dS U dS U 0 dS - UBN das uesiy
M: d s M: d s Mr d g 1804 a1d 1504 a1d 1504 a1d
owmn X dnoin iy, dnoin dnoi3 jonuo) Sururen [euonIpel], K)I[ear Tenyarp SO[qBLIBA

swres3o1d 9s1019%0 pasiazadns Jo yoam-g © 19)je safuey) g d|qel

pringer

As



Sport Sciences for Health

(mmA2)

B p< 0.001 Group
&0 d=1.8
230 - r 1
210 - O Control
190 - ® Traditional Training
170 - O Virtual Reality
150 -
130 -
110 —
90 -
70 = L1
50 — p< 0.001
d=1.8
1
PRE POST
OE Area

Fig.2 Pre- and post-test changes for Open-Eye (OE) Area. Tradi-
tional and Virtual reality training groups showed large effect sizes
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effect size. Virtual reality training group showed moderate effect size

75 Group
p<0.001 O Control
70 — d=,0.,4ﬁ ® Traditional Training
O Virtual Reality
65 —
60 —
L
p<0.001
a d=0.3
55 1
PRE POST
SEBT-L

Fig.7 Pre- and post-test changes for Star Excursion Balance Test on

the left leg (SEBT-L). Traditional and Virtual reality training groups

showed small effect sizes



Sport Sciences for Health

p<0.001
9 - =06 Group
8 - O Control

® Traditional Training

7- O Virtual Reality
5 -
4 —

[
3- p< 0.001

d=09

1

PRE POST
S&R

Fig.8 Pre- and post-test changes for Sit and Reach (S&R). Tradi-
tional training group showed moderate effect size. Virtual reality
training group showed large effect size

protocol would increase static and dynamic balance and flex-
ibility in healthy adult females; (2) a virtual training protocol
would more effectively increase static and dynamic balance
and flexibility than a traditional training protocol.

After 5 weeks, we found a significant improvement in all
measured variables in both the VR and TR groups. There-
fore, the first hypothesis was confirmed. The results obtained
agree with many other studies that have shown the effective-
ness of virtual reality in improving balance and flexibility [5,
23, 38, 39]. Although both training protocols showed sig-
nificant effectiveness between pre- and post-intervention, the
virtual training protocol showed greater effect sizes and was
more effective, albeit not significantly, in percentage terms
on all measured variables, in particular for Sit and Reach,
but except the OE Area. Therefore, the second hypothesis
can be confirmed only partially.

The effectiveness of traditional training in preventing
falls in the elderly is well documented [40, 41]. Concorde,
Filipovi et al. [42] showed that a 12 week intervention can
improve the performance of the Time Up and Go test and the
One Leg Stance test in postmenopausal women. However,
it is also known that traditional training may be monoto-
nous, leading to low compliance and a high drop-out rate
[11, 43]. In contrast, performing physical activity using exer-
games, besides being safe for the safety of the participants,
is considered a hobby, which is why the training protocol is
more fun [44] leading not only to stress reduction [45] but
also improving the promotion and continuation of physical
activity [12, 46]. This concept is highlighted in the review
conducted by Costa et al. [38], in which they found that
subjects undergoing an intervention through virtual reality
showed significant improvement in concentration, challenge,
skill development, sense of control, improved goal setting,
feedback, immersion and opportunities for social interaction.

These effects could be explained by the fact that VR
training protocol has a dual nature, requiring not only
physical but also cognitive work at the same time. The
cognitive stimulation promoted by interaction with the
virtual environment would increase the efficiency of cog-
nitive processing circuits, in particular executive functions
such as working memory, planning and inhibition, to a
greater extent than traditional training [47, 48].

The feedback provided by the virtual systems resulted
in a series of continuous execution adjustments by shifting
body weight from the heel to the toes, repeatedly stimulat-
ing the proprioceptors of the trunk, limbs and vestibular
apparatus, which may have improved balance [49]. A pre-
vious study stated that Wii Fit users showed significantly
improved vestibular and visual integration abilities com-
pared with the control group immediately after training
and at 1-month follow-up [50]. Furthermore, interaction
with an on-screen avatar would promote the activation of
mirror neurons, relating the observed to the action per-
formed, which could promote motor learning.

Other studies have compared the effectiveness of vir-
tual training with traditional training, confirming that
exergames are an effective tool for achieving benefits in
terms of balance, flexibility, and functional mobility in
the elderly [3, 11]. However, it is known that accidental
falls can occur in people of all ages and is not exclusively
limited to the elderly population [7]. Therefore, a strength
of our study is that the intervention was conducted on a
group of adults, highlighting the importance of physical
exercise as a prevention of fall risk factors. Furthermore,
the improvements achieved in balance and flexibility allow
participants to improve their quality of life, as they will
be able to perform daily activities more easily [2]. The
virtual reality protocol as well as the traditional one did
not cause any adverse effects or health problems in the
study participants; moreover, they were satisfied with the
results of the study and expressed interest in continuing
regular physical activity.

The present study had some limitations that must be
considered when extrapolating conclusions based on the
results. The study period was short, only 5 weeks. Prob-
ably the greater results in terms of percentage and effect
size obtained from the virtual training protocol compared
with the traditional protocol in all measured variables
except OF Area were due to the short duration of the
protocol. Thus, longer longitudinal studies are hoped to
confirm the findings. Moreover, our subject population
consisted exclusively of adult females. Another limitation
is that the results therefore cannot be generalized to other
populations, including adolescents, men, and the elderly,
in addition, there may have been potential biases in self-
reported health status.
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Conclusions

The results suggest that a 5-week virtual reality training pro-
tocol may improve static and dynamic balance and flexibility
in healthy adult females as much as a traditional training pro-
tocol. Given the benefits of exercise for maintaining stabil-
ity and preventing falls and the lack of longitudinal studies
investigating risk factors for falls in youth and adults, this
was the first randomized controlled study that has attempted
to fill this gap in the literature. Furthermore, given the prom-
ising results, it can be inferred that the use of virtual reality
could be implemented in traditional protocols by physiother-
apists and kinesiologists to enhance the therapeutic effects
on balance and flexibility and fall prevention.

However, future randomized controlled trials with a dif-
ferent population from the one used to generalize the results,
a larger size and longer training protocols are needed to con-
firm these results.
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