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Abstract

Today, although virtual reality is suggested as a suitable and exciting alternative to other training methods, all
aspects of its effectiveness in combination with other interventions have not yet been well clarified. Therefore,
our aim was to determine the effect of virtual reality with and without transcranial direct-current stimulation on
balance performance. The research participants were 36 sedentary adolescent girls who were purposively
selected and voluntarily participated in this study. The subjects were randomly divided into three control groups
(12 people), VR+a-tDCS (12 people), and VR+sh-tDCS (12 people). First, each group received brain
stimulation (anodal or sham) for 20 minutes with an intensity of 2 MA, then they performed virtual reality
exercises for one hour. The control group did not receive any intervention. Each group conducted 12 sessions
(3 sessions per week) with one day in between. Y and STROK tests were used to evaluate balance. The statistical
test of the Two-way Mixed ANOVA was used at the significance level of 0.05 and SPSS23 software. Static
balance in the anodal group was higher than the sham group (p=0.004) and control group (p=0.001). As well,
the dynamic balance in the anodal group was higher than the sham group (p=0.013) and the control group
(p<0.001). The findings showed that anodal stimulation can increase the effectiveness of virtual exercises more
and more lastingly. This difference was maintained in the retention stage so that performance of the VR+a-
tDCS group was superior to the other two groups.
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Extended Abstract

Background and Purpose

Physical activity is a key factor in overall well-being, in particular during adolescence (1). It has been
shown that girls are less involved in regular physical activity during adolescence leading to a
considerable decrease in their functional capacity (2). Balance is an important factor in running a
healthy life, optimizing exercise performance, and injury prevention. Recent findings have
demonstrated that sedentary life style is associated with a decrease in static and dynamic balance (3).
Accordingly, finding new, interesting, and effective strategies to increase the participation of
adolescents in regular physical activity has been an area of interest lately. Virtual reality games or
active video games have recently been gaining attention as an effective strategy in this regard (4). In
addition, recent findings have also demonstrated that transcranial direct-current stimulation (tDCS),
as a neuromodulatory technique, could improve static and dynamic balance (5). Since no study has
evaluated the effect of concurrent use of these two strategies on balance in adolescent girls, this study
aimed at investigating the effects of 4 weeks concurrent application of virtual reality games and tDCS
on static and dynamic balance of sedentary adolescent girls.

Materials and Methods

Thirty-six sedentary adolescent girls voluntarily participated in the current study. They were
randomly assigned into 3 experimental groups including: 1) Virtual reality + anodal-tDCS (VR+a-
tDCS); 2) Virtual reality + sham-tDCS (VR+sh-tDCS); and 3) Control group (CG). Dynamic and
Static balance of the right leg were measured at baseline using Y balance test and Stroke test,
respectively. Then, VR+a-tDCS and VR+sh-tDCS were involved in 4 weeks of specified virtual
reality games, three times a week. In VR+a-tDCS group, participants received 20 min of anodal-tDCS
at 2 mA intensity before starting the virtual reality game and in the VR+sh-tDCS, participants
received 20 min of sham-tDCS at 2 mA intensity before performing the virtual reality game. The CG
group followed its normal routine during the 4-week experimental period. At the end of the 4-week
intervention and 2 weeks later, the dynamic and static balances were measured again under a similar
condition. Two-way mixed ANOVA (3x3 factorial design, 3 groups and 3 time points) was used for
statistical analysis.

Findings

The overall results of the present study are presented in Table 1. The results showed that there was a
significant difference in the static balance of the right leg among the experimental groups after 4
weeks of intervention (p= 0.002). The pairwise comparisons revealed that the static balance in VR+a-
tDCS was significantly higher than the that of the CG group (p=0.002). The results also demonstrated
a significant difference in the static balance of right leg among the experimental groups 2 weeks after
the end of interventions phase (p= 0.0001). Pairwise comparisons indicated that the static balance in
VR+a-tDCS was significantly higher than those of the VR+sh-tDCS and CG groups (p= 0.0004; p=
0.0001, respectively).

The study’s results also revealed that there was a significant difference in the dynamic balance of the
right leg among the experimental groups after 4 weeks of intervention (p= 0.0001). Pairwise
comparisons showed that the dynamic balance in both VR+a-tDCS and VR+sh-tDCS groups was
significantly higher than the dynamic balance in CG group (p= 0.0001; p= 0.0001, respectively).
Additionally, our results demonstrated that 2 weeks after the end of intervention, the dynamic balance
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in VR+a-tDCS was significantly higher than the dynamic balance in VR+sh-tDCS (p= 0.013) and
CG (p=0.0001).

Table 1-The results of the study

Mean
Dependent . Std.
Variable Group(l) Group(J) leferj)me (I- Error p-value
VR+sh-
pre- test VR+a-tDCS tDCS 2.74055 1.58090 237
Static balance Control -.64129 1.58090 921
VR+sh-tDCS Control -3.38184 1.58090 117
VR+sh-
- 6.20167 3.88301 293
post- test VR+a-tDCS tDCS
Static balance Control 15.15333 3.88301 .002
VR+sh-tDCS Control 8.95167 3.88301 .085
VR+sh-
metention VR+a-tDCS {DCS 18.79500 5.12107 .004
Sl el anes Control 21.76000 5.12107 .001
VR+sh-tDCS Control 2.96500 5.12107 .846
VR+sh-
ore- test VR+a-tDCS {DCS 13.34792 6.15968 111
Dynamic balance Control 7.66250 6.15968 469
VR+sh-tDCS Control -5.68542 6.15968 .657
VR+sh-
post- test VR+a-tDCS {DCS 10.84417 5.16625 126
Dynamic balance Control 42.82083 5.16625 .000
VR+sh-tDCS Control 31.97667 5.16625 .000
VR:#sh- 16.28083 516218 013
Retention VR+a-tDCS tDCS ' ' '
Dynamic balance Control 44.85000 5.16218 .000
VR+sh-tDCS Control 28.56917 5.16218 .000

Conclusion

The findings of the present study showed that the two experimental groups performed balance tasks
better than the control group. Further, the virtual reality group with anodal stimulation showed better
performance in balance test than the virtual reality group with sham stimulation. These results show
that the anodal tDCS might have an additive and long-lasting impact on the effects of virtual reality
on static and dynamic balance in sedentary adolescent girls. It seems that anodal stimulation of the
target areas of the brain in the present study, probably via improving the ability of these areas for
processing the sensory information coming from peripheral and central sources and changing the
functional connections in the brain has been able to induce its favorable changes during the
experimental phase. It leads to better and long-lasting effect on static and dynamic balance (6). On
the other hand, the present study showed that the virtual reality group with sham stimulation
performed better than the control group in the balance task. The neural network used during virtual
reality exercises is quite similar to real movements (7). It seems that the virtual reality games are able
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to induce its favorable changes through a process mediated by mirror neurons in the premotor cortex
(8). In conclusion, it appears that virtual reality games are effective strategies to improve both static
and dynamic balance in sedentary adolescent girls. In addition, using anodal tDCS alongside the
virtual reality games could have an additive effect which might last for a longer period of time.
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Table 1- Average age, height and weight in three groups (mean + standard deviation)
eight) .3
$I g 3| | L”‘\9.1.">| 3| 8 o Bo9
g o3 S Sl e S o . Height Age Groups
Percentage change after intervention before intervention
logsl
-1/398 52/15 + 7/93 52/93 £ 8/21 159/00 + 7/45 16/08 + 1/00 Jos
Anodal
-1/111 55/17 + 10/29 55/79 + 10/55 159/67 + 5/88 15/75 + 0/97 Sfr:;m
0/645 56/16 + 5/74 55/80+5/95  159/33+5/50  16/17 % 1/11 ciﬁjol

1. International Physical Activity Questionnaire (IPAQ)

oy O)Lm:a AT 099 SFeY ).ub “;&})5 s...l;..:;d,) Ol aobilad



Wy w30 (Slaocmon] B malliame (3l y2 S50 (9 9 L (55lme Cundly 1

SrSoilul Sy alolio g 09,5 S8 4 lo Soge;l ol (b Ll Jolas 4 bogs o o lailiwl Gl ool g (1 Kilo aalol jo

] 00 45‘)| 9o o)Low) J9~.X> L

(31l Bl youil £ (5255 0) (5 50310l o) SUSET a3 09,5 w5 (4l & o) Ll Jols' prolio (1Sl -Y Jour
Table 2- Average values of static balance (time in seconds) in three groups by measurement time (mean
( standard deviation)

(Retention) (s & (Post-Test) cyg0 3T (Pre-Test) cyg0 3T o (Groups)eg s
31/93 + 20/66 24/90 + 12/78 8/75 + 4/23 (Anodal) Jlsg'
13/13 + 5/16 18/7 + 9/26 6/01 + 3/02 (Sham)

10/17 = 4/32 9/75 £ 4/73 9/39 * 4/23 Control) Jus

~omld 65lel gasT s Slise 2 Sl (sl Lol Jolas yeia o loosls @355 (1092 (mab (23 b & 4255 L
YU oley Jele o x ¥) oS 10 anly90 lgil (s bl cyg03l 51 pmite (ol (sloadl Lo g 4550 jglate 4 o(P>+/+0) Kby
32 5 syt o) 5] 531 6 S L ool ol fy (a8 ey b ool (s ¥ b5 Jole 5 b
Oeizeed g (F=AVS P=vfe v 1) 09,5 31 (F=AUA P=+/++ 1) 04,5 g Loy s Jolss 31 aS ols oylis gl (P>+/-0) o
Sy olae g lel Bl 5l el b (slias! Jolss yuxie jo (F=YF# P=+/ 1) Lo il

Gl 5031 5 anly s (sll (g lel (el 51 eolil b oy o) 5 09,8 ool Sl Jolas 51 og Jloline & azgi L
Silee G (6 olire glas gl s Al e 40wl HlaS @l Wb ey 6,1, slas S oslail b anl, S slgsl
9 (F=V/7ﬂ &P=’/"Y) L.)5"°)"U’“" J}‘).A B ASL,;”})Q f(F=Y/0/\ tP=’/'ﬂ\) R RY Sg=>g FIESRV 09)5 dw O L».m.:‘ J.)Lu
Sg2g 4y dzgi b .clils dgzg aldlan (slrog Sy Liws] Jolw (1nKiloo o (g, lobias glas (F=V/8Y P=2/-0Y) (6,80
a0 j0 a5 ol lis bt ol eolatwl > g; slhanslie (gl add odsd (ygesl 5l alSlae glaog S s jloline Ciglas
sl m yo a8 o yo P=2/0 2 ¥) 09y S 05,5 5l i (5 lolins gboay Jogil 09,5 o Lo Jolas nuSleo yg03]
Sbas Jogil 09,5 4o Ll Jol 1uSilis ¢ i al> 1o 10 «olggyo (P>+/-0) ais odmlive (g lolins iglis Laog 5
Dgr P=e/e2¥) i8S 09,5 5 (P=+/++¥) o 09,5 5l yiin (5, lolins

oy O)M N0 099 AF.Y ).a.ab “;&’a)’)g ‘;«awg‘}‘s) Ollao doblad



OSe2 9 (55leew WY

(Static balance) Lus! ol

180 - &
160 -
140 -
120 -
100 -
80 -
60 -
40 -
20 -

M Anodal 12T
Bsham i

B Control J yus

(The time in seconds) 4t cws y Ok}

(=]
1

pre-test (9037 s  post-test Ogo3T o  Retention (g laab
Gl Gy ablio LS 4 alsluw 09,5 duw 50 Ly ! Jolai &l pusi — ¥ JSCi
o 0935 U jlolae woldi = &&J 505 09,5 L jlolixo woldy = %

Figure 2- Static balance changes in three intervention groups by different time periods
* = Significant difference with the control group; & = Significant difference with the sham group
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Table 3- Average values of dynamic balance (in centimeters) in three groups by measurement time

(mean £ SD)
(Retention) s .%o (Post-Test) ys051 e (Pre-Test) ;9031 i (Groups)ss 5
141/74 + 11/61 138/91 + 10/93 101/05 = 12/99 (Anodaly Jlsgl
125/46 + 8/44 128/06 + 9/86 87/70 + 15/85 (Sham)
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Figure 3- Dynamic balance changes in 3 intervention groups by different time periods
* = Significant difference with the control group; & = Significant difference with the sham group
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