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This study was conducted to examine the influence of the peripheral vi-
sion (PV) induced by moving people on postural control in healthy 
adults. The subjects consisted of 12 healthy adult volunteers (5 males, 7 
females) who had been informed of the study purpose and procedure. 
The visual interventions were composed of three types. PV1 and PV2 
were stimulated using a one-way vertical striped pattern and a two-
way vertical striped pattern, respectively. To embody the features of 
moving people reflected in the mirrors, researchers recorded move-
ments of people or objects provided by mirrors on video image. In this 
study, this was named PV3. The subjects were exposed to each of the 
visual stimuli for 3 min in a random order, and their postural control was 
then evaluated. All the subjects were allowed to practice once prior to 

performing the one leg stand test, functional reaching test and body 
sway test. All the evaluations were made before and after the visual in-
tervention, and the subjects rested for 30 min between each interven-
tion. PV3 ranked second in before and after differences of trace length 
and velocity and had no significant difference from PV2, demonstrating 
that the PV3, as well as PV2, affected the amount and velocity of body 
sway. In addition, the standard deviation velocity, trace length and ve-
locity values of PV3 were higher than the PV1 values. Therefore, the 
treatment of those who have difficulty with postural control and balance 
maintenance should take place in a controlled therapeutic environment.
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INTRODUCTION

Postural stability depends on postural control, which refers to 
the ability to maintain the centre of gravity of the body within a 
certain space domain. Postural control is essential to lead an inde-
pendent life, perform activities of daily living, and ensure a correct 
gait (Tinetti et al., 1988). Anticipatory postural control is re-
quired while performing voluntary movements and motions to 
minimise centre of gravity movements (Nouillot et al., 1992; 
Wade and Jones, 1997). For precise postural control, information 
provided by the visual, vestibular and somatosensory system is 
very important (Massion, 1992). 

Among the three sensory systems, the visual system primarily 
responds to high-frequency movement (Wade and Jones, 1997). 
However, it is also sensitive to low-frequency stimulation by pos-
tural sway (0.5 Hz or smaller) and gait activity (1.0 Hz or smaller) 
(Wade and Jones, 1997). The interception of visual system may 

trigger postural sway of 50% or higher (Edwards, 1946), and de-
creased vision increases postural sway and falls (Paulus et al., 
1984; West et al., 2002). In addition, a moving visual environ-
ment can lead to visual confusion, triggering postural change, 
motion sickness and postural imbalance (Redfern and Furman, 
1994). Thus, the visual senses play an important role in the hu-
man body’s balance and postural control. 

In humans, the visual field is divided into central vision (CV) 
and peripheral vision (PV). CV detects objects in the gaze direc-
tion, and PV detects the existence of circumjacent objects, al-
though imperfectly (Straube et al., 1994). PV is closely related to 
Y-cells, which are evenly distributed over a large area in the retina 
and sensitive to the movement of objects (Dix et al., 2004). PV 
can give rise to vection, the perception of self-motion, which is a 
kind of optical illusion that involves the feeling of movement in a 
static condition due to dynamic visual stimuli. PV plays a greater 
role in vection than CV; it is also more important than CV in 
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sensing the movement of objects and postural sway (Andersen and 
Braunstein, 1985; Delorme and Martin, 1986; Dix et al., 2004). 

A previous PV visual stimulation study reported that a vertical 
striped pattern greatly affected postural changes (Kim et al., 
1996). More recent research reported that a two-way vertical 
striped pattern had a greater impact on postural changes and PV 
and CV than a one-way vertical striped pattern, with the greatest 
postural sway detected with the two-way vertical striped pattern 
(Park, 2016). As stimulation of the PV is closely related to pos-
tural control and sway, those who have problems with PV have 
problems with postural control. 

The walls of many rehabilitation treatment rooms in Korea are 
covered in mirrors. However, this type of environment may not be 
suitable for the treatment of individuals who have difficulty with 
postural control and perception, as the reflected movements of 
people or objects stimulate the PV, thereby increasing postural 
sway. Accordingly, this study was conducted to examine the influ-
ence of the PV induced by moving people on postural control in 
healthy adults. 

MATERIALS AND METHODS 

Subjects
The subjects in this study were five young males and seven 

young females who listened to the purpose and procedure of the 
experiment and voluntarily consented to participate in the study. 
The average ages, weights, heights and body mass indexes of the 
subjects were 22.08±3.87 years, 55.50±10.06 kg, 167.33±8.22 
cm, and 19.72±2.64 kg/m2, respectively. Individuals who took 
drugs that could affect postural control or who had a disease that 
could influence vision and postural control were excluded from 
the experiment. Ethical approval was granted by Kaya University 
Institutional Review Board.

Visual interventions and methods
The visual interventions were composed of three types (Fig. 1). 

PV1 and PV2 were stimulated using a one-way vertical striped 

pattern and a two-way vertical striped pattern, respectively. To 
embody the features of moving people reflected in the mirrors, re-
searchers recorded movements of people or objects provided by 
mirrors on video image. In this study, this was named PV3. All 
the subjects put on equipment that controlled each of PV stimu-
lations. They then received the visual interventions while stand-
ing 5 m away from the screen. They were exposed to each of the 
visual stimuli for 3 min in a random order, and their postural con-
trol was then evaluated.

In this study, the subjects performed one leg stand test (OLS). 
During the OLS, the subjects had to maintain their balance as 
best they could by supporting their body with the dominant leg, 
with their eyes open (OLSO) and closed (OLSC). The maximal 
duration of the OLS was 30 sec. The subjects’ dynamic balance 
ability was assessed using a functional reaching test (FRT). In ad-
dition, body sway was evaluated. To analyse body sway, the BIO-
Rescue (RM Ingeierie, Rodez, France) device was used. All the 
subjects were allowed to practice once prior to performing the 
OLS, FRT and body sway test. All the evaluations were made be-
fore and after the visual interventions, and the subjects rested for 
30 min between each intervention.

Statistical analysis
To examine the influences of PV induced moving people on 

postural control in healthy adults, one-way repeated analysis of 
variance was used. As a post hoc test, the Bonferroni correction was 
utilized, and the significance level was set at α=0.05. The collect-
ed data were analysed using IBM SPSS ver. 18.0 (IBM Co., Ar-
monk, NY, USA).

 

RESULTS

With the eyes open and closed, there was no significant differ-
ence among the visual interventions in OLS and FRT (Table 1). 
There was a significant difference among the visual interventions 
in the trace length (TL; Fig. 2) and velocity (Fig. 3), with the 
greatest increase in PV2 (Table 2). The standard deviation velocity 
(SDV) of PV1 and PV2 was significantly different (Fig. 4). There 
was also a significant difference in the SDV between PV1 and 
PV2 and between PV1 and PV3 (Table 2).

DISCUSSION

PV has a greater effect on body balance than CV. Many studies 
reported that visual stimulations involving PV in balance training 

Fig. 1. The visual interventions using peripheral vision variations. PV, peripher-
al vision.
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Table 1. Effects of the visual interventions in the FRT, OLSO, and OLSC 

Variable PV1 PV2 PV3 F

FRT (cm)
Before 89.16± 5.54 89.16± 5.54 89.16± 5.54
After 84.85± 4.68 84.98± 4.67 86.83± 5.22
Difference -4.31± .93 -4.18± 3.74 -2.33± 2.31 2.265

OLSO (sec)
Before 29.60± 1.40 29.60± 1.40 29.60± 1.40
After 29.17± 2.88 29.45± 1.42 29.93± 0.23
Difference -0.43± 1.49 -0.15± 0.54 0.34± 1.44 0.806

OLSC (sec)
Before 21.84± 6.60 21.84± 6.60 21.84± 6.60
After 20.24± 6.65 19.49± 7.38 21.18± 6.99
Difference -1.60± 7.52 -2.35± 7.46 -0.67± 2.75 0.441

Values are presented as mean± standard deviation.
FRT, functional reaching test; OLSO, one leg standing with open eyes; OLSC, one 
leg standing with closed eyes; PV, peripheral vision.

Table 2. Effects of the visual interventions on the amount of body sway 

Variable PV1 PV2 PV3 F

TL* (mm)
Before 509.44± 98.27 509.44± 98.27 509.44± 98.27
After 651.31± 129.51 713.89± 119.71 673.74± 124.69
Difference 141.87± 60.53a) 204.44± 27.71b) 164.30± 52.99a,b) 10.368

SDV* (mm/sec)
Before 4.71± 1.28 4.71± 1.28 4.71± 1.28
After 6.38± 1.67 7.27± 1.38 7.09± 1.05
Difference 1.67± 0.80a) 2.56± 0.76b) 2.38± 0.49b) 7.355

Velocity* (mm/sec)
Before 8.49± 1.64 8.49± 1.64 8.49± 1.64
After 10.99± 2.31 11.92± 2.16 11.50± 2.10
Difference 2.51± 1.11a) 3.43± 0.85b) 3.01± 1.10a,b) 5.318

TL, trace length; SDV, standard deviation velocity; PV, peripheral vision.
a,b)Values within a row with different superscripts are significantly different 
(P< 0.05).
*Significant difference between conditions.

Fig. 3. Effects of the visual interventions on the velocity. PV, peripheral vision. 
*Significant difference between conditions.
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Fig. 2. Effects of the visual interventions on the trace length. PV, peripheral vi-
sion. *Significant difference between conditions.
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Fig. 4.  Effects of the visual interventions on the standard deviation velocity 
(SDV). PV, peripheral vision. *Significant difference between conditions.
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were more useful in diverse rehabilitation areas than visual stimu-
lations involving CV (Kim et al., 1996; Park, 2016). Recent re-
search suggested that the movements of people close by in a space 
surrounded by mirrors could have adverse effects on subjects re-
ceiving treatment for postural control (Park, 2016). Accordingly, 
this study aimed to examine how the PV3 shown by mirrors af-
fected postural control. 

In previous research (Park, 2016), there was no significant dif-

ference between a one-way linear pattern and two-way linear pat-
tern using PV in FRT and OLSC. In the present study, there was 
no significant difference between the two PV patterns recorded 
during the FRT, OLSO, and OLSC. This finding supports the re-
sults of previous research, which found no significant difference 
between a one-way linear pattern and two-way linear pattern us-
ing PV in FRT and OLSC. In addition, there was no significant 
difference among the three PV patterns. As the PV3 is a visual in-
tervention based on PV, the PV3 likely had a similar effect on the 
two PV patterns and the FRT, OLSO, and OLSC.

In the present study, the TL was the length of the centre of 
pressure (COP) line, and the velocity was the average speed of the 
COP. In this study, the TL and velocity values of PV2 were sig-
nificantly greater than those of PV1. This means that the two-way 
linear pattern had a greater effect than the one-way linear pattern 
on the amount and speed of body sway. In addition, PV3 ranked 
second in before and after differences of TL and velocity and had 
no significant difference from PV2, demonstrating that the PV3, 
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as well as PV2, affected the amount and velocity of body sway, 
possibly due to difficulty maintaining balance. 

In the present study, SDV represented the standard deviation of 
the speed of body sway, with higher values indicative of greater 
body sway. In this study, the SDV of PV2 and PV3 was signifi-
cantly higher than the SDV of PV1. Previous studies reported 
that a one-way linear pattern had a greater effect on PV and pos-
tural sway than on CV (Kim et al., 1996; Park, 2016). In the 
present study, the SDV, TL and velocity values of PV3 were high-
er than the PV1 values.

As illustrated above, when individuals with diverse complaints 
are treated together in an environment surrounded by mirrors, the 
environment may have adverse effects on those who have difficul-
ty maintaining balance and postural control. Therefore, the treat-
ment of those who have difficulty with postural control and bal-
ance maintenance should take place in a controlled therapeutic 
environment. Mirrors may help subjects to perceive and correct 
their posture, thereby aiding postural control. In training involv-
ing the use of mirrors, such training should be provided in a ther-
apy room where PV3 is controlled. CV also plays an important 
role in perceiving self-motion (Andersen and Braunstein, 1985; 
Paulus et al., 1984). If the size of the mirrors is adjusted to the 
range of CV, PV3 may be minimal, and it will be effective in bal-
ance training. 

This study has some limitations. As it consisted of young 
healthy males and females, the findings may not be generalizable. 
In addition, to apply the same PV3 intervention, the images of 
the PV3 reflected in the mirrors were photographed. Therefore, it 
is different from PV3 illuminated directly through mirrors. Fu-
ture studies are needed of the effects of actual PV3 provided 
through mirrors on the balance of subjects who have difficulty 
with postural control. 
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