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Developing a dynamic virtual stimulation protocol to induce linear
egomotion during orthostatic posture control test

Paulo José Guimaraes Da-Silva*, Mauricio Cagy, Antonio Fernando Catelli Infantosi

Abstract Introduction: In this work, the effect of a dynamic visual stimulation (DS) protocol was used to induce

egomotion, the center of pressure (COP) displacement response. Methods: DS was developed concerning the
scenario structure (chessboard-pattern floor and furniture) and luminance. To move the scenario in a discrete
forward (or backward) direction, the furniture is expanded (or reduced) and the black and white background is
reversed during floor translation while the luminance is increased (or reduced) by steps of 2 cd/m?. This protocol
was evaluated using COP signals from 29 healthy volunteers: standing on a force platform observing the virtual
scene (1.72 x 1.16 m) projected 1 m ahead (visual incidence angle: 01 = 81.4° and Ov = 60.2°), which moves
with constant velocity (2 m/s) during 250 ms. A set of 100 DS was applied in random order, interspersed by a
10 s of static scene. Results: The Tukey post-hoc test (p < 0.001) indicated egomotion in the same direction
of DS. COP displacement increased over stimulation (8.4 + 1.7 to 22.6 £5.3 mm), as well as time to recover
stability (4.1 £ 0.4 to 7.2 + 0.6 s). The peak of egomotion during DS, occurred 200 ms after DS, (Wilcoxon,
p =0.002). Conclusion: The dynamic configuration of this protocol establishes virtual flow effects of linear
egomotion dependent on the direction of the dynamic visual stimulation. This finding indicates the potential
application of the proposed virtual dynamic stimulation protocol to investigate the cortical visual evoked

response in postural control studies.

Keywords: Center of pressure, Dynamic visual stimulation, Egomotion, Postural control, Virtual reality,

Visual optic flow.

Introduction

Virtual reality technologies have been used in
postural research and neurorehabilitation to compose a
dynamic visual stimulation scene (DS) during balance
control test (Akizuki et al., 2005; Darekar et al.
2015; Keshner and Kenyon, 2004; Streepey et al.,
2007; Wang et al., 2010). This technique has the
advantage of deploying specific scenarios, similar
to the real world, to be applied simultaneously with
a force platform in order to investigate body sway
response due to subject’s self-motion illusion, also
called egomotion (Akizuki et al., 2005; Guerraz and
Bronstein, 2008; Keshner et al., Slobounov et al.,
2006; 2006; Streepey et al., 2007; Tossavainen et al.,
2003). Nevertheless, this evoked postural response
is dependent on the visual motion processing and
the central brain integration of the environment
information with the proprioceptive and vestibular
system (Akizuki et al., 2005; Guerraz and Bronstein,
2008; Keshner et al., 2004).

In real situation, the body displacement produces
motion of the visual scene at the retina (Berthoz et al.,
1975; 1979; Gibson, 1950; 1954; Mestre, 1992;
Paulus et al., 1984; 1989; Warren 1995; Warren
and Hannon, 1988). This displacement generates
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a optic flow that specifies the kinematic properties
of body sway and also the three-dimensional (3-D)
layout of the environment (Guerraz and Bronstein,
2008; Guerraz et al., 2001a; 2001b; O’Connor et al.,
2008; Pretto et al., 2009). However, in the moving
room paradigm, the egomotion may be enhanced
by the properties of the surround motion that can
provide spatial reference for postural response
(Berthoz et al., 1975; Dijkstra et al., 1994; Gibson,
1950; Lestienne et al., 1977; Masson et al., 1995;
Paulus et al., 1989; Stoffregen, 1985; 1986; Van
Asten et al., 1988). On this basis, the optic flow from
the moving virtual environment can be manipulated
to evoke egomotion (Dokka et al. 2009; Keshner and
Kenyon, 2000; O’Connor et al., 2008; Pretto et al.,
2009; Seno et al., 2009; 2010; Wang et al., 2010).
An important source of information for egomotion
relies mostly on the visual properties. Hence, it
is affected by the visual incidence angle, distance
from the objects, motion velocity, luminance and
contrast content of the scenario (Dijkstra et al.,
1992; Masson et al., 1994; Seno et al., 2009; 2010;
Streepey et al., 2007). Moreover, linear egomotion
can be generated by object movement within the
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peripheral visual field and by the floor translation
parallel to the anterior-posterior (A/P) axis of the
human body (Berthoz etal., 1975; 1979; Da-Silvaetal.,
2015; Gibson, 1950; Haibach et al., 2008; Warren and
Hannon, 1988), changing COP position at the same
direction of the dynamic visual stimulation. Therefore,
there is a direct relationship between the direction
(and velocity) of visual optic flow and the orientation
(and amplitude) of COP displacement (Dokka et al.,
2009; 2010; Masson et al., 1995; Reed-Jones et al.,
2008; Tossavainen et al., 2003; Wang et al., 2010).

Previous studies of orthostatic postural control
and visual optic flow have been designed from
many different perspectives. One of them consists in
determining whether a particular visual property is
used to control postural sway (Andersen and Dyre,
1989; Kuno et al., 1999; Van Asten et al., 1988) or to
describe the postural feedback loop (Day and Guerraz,
2007). Moreover, the virtual moving environment has
been used to assess time to recover stability and fall
risk (Haibach et al., 2008). However, in the dynamic
scene stimulation, not all visual information can
be used to induce egomotion (Fushiki et al., 2005;
O’Connor et al., 2008; Pretto et al., 2009; Wang et al.,
2010). Instead, it was stated that the visual optic flow
structure as a whole determines the orientation and the
magnitude of the postural reaction to the motion of
the environment. The optic flow pattern corresponds
to the optic motion of environmental elements which
indicate the magnitude, velocity and direction of its
displacement. The velocity contains information
about distance along the object (motion perspective),
whereas the direction provides information about
self-motion (visual kinesthesis) (Gibson, 1950;
Lishman and Lee, 1973). In particular, the focus of
scene expansion corresponds to the current direction
of egomotion (representing an anterior translation of
the body). Thus, the dynamic structure of the optic
flow (the 3-D layout) over a stationary observer can
be the functional element to induce egomotion during
stabilometric test.

Alternatively, since the visually evoked postural
responses are dependent of the optic flow (Dokka et al.
2009; Pretto et al., 2009; Seno et al., 2009; 2010;
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Wang et al., 2010), the dynamic visual protocol could
be designed from the perspective to understand the
cortical interaction underlying the visual motion signal
processing for postural control. Thus, to investigate this
motion-related visual evoked potential, it is important
to ensure that the dynamic virtual stimulation protocol
generates egomotion. For instance, the present work
aims to assess the dynamic virtual stimulation protocol
to be applied during stabilometric test: orthostatic
posture on a force platform. The visual stimulation
was carried out by developing a virtual environmental
structure concerning scenario displacement, visual
image velocity and incidence angle, distance from
the screen and luminance. In this protocol, the
reversing black and white background during floor
translation parallel to the ground plane was applied
simultaneously with the lateral walls and furniture
movements while luminance was changed to generate
bi-dimensional optic flow stimulation as a tunnel
pattern. This dynamic configuration establishes an
advantage to generate a virtual flow field that reflects
the natural vision and the physiological properties of
the body sway perturbation. Indeed, it was employed
to evoke illusion of motion in an opposite direction
of the dynamic visual stimulation. To this end, we
measured and compared the A/P COP displacement
during dynamic (forward and backward) and static
scenarios, synchronized at motion-onset of the
exhibiting dynamic scenes.

Methods

Dynamic virtual stimulation protocol

The virtual scenario reproduces an 8.0 m wide by
3.0 m high by 12.0 m deep room developed using IDE
Delphi and API OpenGL (Graphics Library). The room
consists of a chessboard-pattern floor (similar to
pattern-reversal stimulation), with walls and ceiling
designed with distinct texture (Figure 1). Furniture
can be added and allocated at any position of the
room. Hence, the virtual scenario can be composed
with different configurations, setting out the dynamic
stimulation in the center and/or periphery of the visual

Backward <

> Forward

Figure 1. Virtual scenario: chessboard-pattern floor with a table and chair in the center of the screen. Five different views from the most backward
to the far forward scenario with displacement in steps of 50 cm and its corresponding luminance in steps of 2 cd/m? starting in 31 cd/m?.
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field. As a default, the table and chair was placed in
the center of the visual field, while door and drawer
in the periphery.

In order to carry out the dynamic properties of the
visual stimulation protocol, the furniture is expanded
or reduced, while the floor, walls and ceiling are moved
in parallel direction with a constant displacement and
velocity. Therefore, the virtual scenario can move
in forward (DS,) or backward direction (DS,) in a
frame rate of 60 Hz. Furthermore, the luminance was
changed for each DS scene (Figure 1) by steps of
2 cd/m?, ranging from 31 to 39 c¢d/m? and increasing
in forward direction. The DS sequence was randomly
applied and interspersed by a Static Scene (SS) at the
final position of the exhibiting DS (the initial position
of the next DS). Consequently, the subject could not
previously predict the DS direction. Moreover, the
amount of DS to be applied, the displacement of the
scenario and the time duration of exhibiting DS and
SS scenes can be set by configuration. Additionally,
the DS stimuli were codified by pulses with specific
code numbers for forward and backward displacement
(synchronized by the onset of exhibiting DS scene).
This sequence of pulses generates a trigger signal to
be used during signal processing.

DS during stabilometric test

The DS protocol was evaluated using the
stabilometric signals from 29 healthy subjects (aging
from 20 to 42 years), with normal or corrected-o-normal
vision and no history of equilibrium disorder, as
reported by Da-Silva et al. (2015). All participants
previously signed an informed consent form, as
approved by the ethics committee of clinical research
of IESC/UFRI - Instituto de Estudos em Saude
Coletiva/Universidade Federal do Rio de Janeiro:
100/2011 (Rio de Janeiro, Brazil).

The stabilometric tests were performed under
controlled environmental condition, with the subject
in orthostatic posture, quietly standing on a force
platform located 1 m ahead of a white wall. The first
test was acquired without virtual scenario stimulation,
with the subject just observing the white wall during
5 min (condition denotes as WW). The DS protocol
trial was performed with the virtual environment
projected on the white wall: displayed with dimension
of 1.72 x 1.16 m and centered at the subjects vision line
as reference. For this evaluation, the DS configuration
was set up to generate a moving scene with constant
velocity, Vi = 2 m/s, which is considered as one
that elicits more postural changes due to illusory
egomotion (Berthoz et al. 1975; 1979; Dokka et al.,
2009). Thus, the amplitude of each virtual scene
motion was 50 cm; displayed during 250 ms. A set
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of 100 DS stimuli (50 to each direction) was applied
in random order, interspersed by 10 s of SS to allow
the balance reestablishment and thus to avoid the
risk of falling. This set up configuration generates
a dynamic effect of discrete forward and backward
stimulation to induce an illusion of egomotion, i.e.
self-motion in an opposite direction of the dynamic
scenario. All participants were instructed to maintain the
orthostatic posture while looking straight ahead at the
scene, keeping the gaze at the virtual chair. Moreover,
at the final of the experiment, the participants were
asked about their perception of self-motion.

Visual optic flow structures

The visual optic flow was composed based on
the visual incidence angle (0), the distance between
the eyes and the screen (H) and the images velocity
(Vi) (Berthoz et al., 1975). Considering the width
and height of the image size (S) as w = 1.72 m and
h=1.16m, H=1.0mand Vi =2.0 m/s, the instantaneous
two-dimensional velocity field was estimated as:

dBe Vi

" Exsinzeo (1)

where, 8o = 2 xarctan(S / 2H) is the lateral (—40.7° <61
<40.7°) or vertical (—30.1°<0v <30.1°) components
of the visual incidence angle obtained for the respective
width and height of the image size (S). As describe by
Da-Silva et al. (2015), it generated visual optic flow
stimulation as a tunnel pattern, with optic flow closer
to 0°s in the central vision. Forwards stimulation
(DS,) increases the optic flow of the image up to 4°/s
in both periphery and ground plane of the visual field.
Otherwise, backwards (DS,), the optic flow decreases.

The A/P COP signal analysis

The COP signal was acquired using a square
portable force platform (0.16 m?) composed with
four load cells (gain: 600x), digitized at 400 Hz
(resolution: 16 bits) with a 60 Hz digital notch filter,
and stored in a hard disk for offline signal processing
(Matlab v. 7.6.0 - The Mathworks, USA). Only the
COP displacement in the anterior-posterior direction
(A/P stabilogram) was analyzed in this evaluation.

The A/P COP signal was low-pass filtered (cut-off:
7 Hz) by applying a 2™ order Butterworth with null
phase (Da Silva et al., 2012). In the graphs, a positive
A/P COP displacement means a forward displacement
of the subject’s COP. Based on the trigger signal,
the A/P COP signal of each DS was identified and
segmented into M = 50 epochs of 13 s duration
(-3 to 10 s), synchronized by the onset of the DS,
(t=0) and including 3 s of SS immediately preceding
it. The postural stability just before DS, the changes
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in the A/P COP position over the following time and
the time to recover stability after egomotion were
assessed by applying the multiple-comparison test
(for more details, see Da-Silva et al., 2015).

In summary, the linear egomotion was considered
when the distribution of the A/P COP position
statistically differed (one-way ANOVA, a = 0.05)
from those preceding DS, and the COP displacement
estimated as the difference of this position identified
by the Tukey test (o= 0.05) and the position preceding
the dynamic scene. Considering only the COP signals
with effect of linear egomotion, the time to recover
stability was assessed by applying the Tukey test
(a=0.05) to identify the consecutive COP segments
distributions after DS, peak without significant
differences. It was established as the instant time of
the first initial set that considers COP stability. Finally,
those A/P COP signals with effect of linear egomotion
were coherently averaged. The same procedure was
used for the DS, stimulation.

Results

Figure 2 depicts the A/P COP displacement without
virtual stimulation (WW condition) and in response
to linear egomotion by applying DS, (red) and DS,
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(blue) stimulation. It can be noted that, during WW
condition (Figure 2a), the A/P COP displacement
oscillates around zero, indicating postural stability
over the time. Regardless DS, and DS, (Figure 2b),
no significant change was observed between COP
position during SS before DS (ANOVA, p > 0.8),
indicating postural stability just preceding DS.
For both DS and DS ,, COP sway increases with the
sequence of stimulation, presenting more variability
at the final stimuli. Moreover, the postural response
after DS, (Tukey post-hoc test, p < 0.001), i.e. the
negative peak of the stabilogram signals (indicated
by the arrow in Figure 2b), and the instant time to
recover stability (Tukey post-hoc test, p > 0.6) are
time-shifted along the stimulation. Similar result is
observed by applying DS, (positive peak).

For the same subject, linear egomotion was
observed in 63% of DS. The coherently averaged
A/P COP stabilogram during DS, (33 stimuli, red
line in Figure 3) evidenced postural instability in
the posterior direction of the body axes with mean
displacement of —12.3 mm. On the other hand, during
DS, (31 stimuli, blue line), the instability occurred
at the anterior direction with mean displacement of
12.1 mm. Those displacements indicate that the optic
flow stimulation as a tunnel pattern induced linear
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Figure 2. Time evolution of the A/P COP displacement segments during: (a) white wall condition (WW); (b) forward (DS, red) and backward
(DS,,, blue) virtual scene stimulation. The gray area indicates the 250 ms of DS (motion-onset: ¢ = 0). The arrows indicate the significant
changes (Tukey post-hoc test, p < 0.001) of the A/P COP position in response to egomotion.
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egomotion with evoked postural response in the same
direction of the motion scene. Furthermore, the effect
of the linear egomotion during DS_ achieves its peak
approximately 300 ms after DS, (gray area in Figure 3).
Additionally, the subject reestablished the postural
stability until the 7™ second after DS. Similar results
were observed for the rest of the subjects.

Figure 4a depicts the grand-average (29 subjects)
of the A/P COP displacement for DS_ (red) and DS,
(blue) in absolute values. In both DS conditions, the
COP mean displacement and its standard deviation
increased with the sequence of stimulation (ranging
from 8.4 + 1.7 to 22.6 £5.3 mm). In addition, the
time to recover stability also increased with the
sequence of stimulation (Figure 4b), ranging from
4.1+£0.4t07.2+0.6s. Although all subjects reported

DS protocol during postural control test

vection, the percentage of the amount of egomotion
differs among volunteers, (63% to 80% of DS trials).
Moreover, no difference (Wilcoxon rank sum test:
p = 0.7) was observed between COP displacement
response distributions due to DS, and DS, (absolute
values), as well as between time to recover stability
(p = 0.8; Figure 5). On the other hand, the median
of the instant peak time distribution of egomotion
during DS, was different than that obtained for DS,
(p = 0.002), occurring 200 ms after DS,.

Discussion

In this dynamic virtual protocol, the moving room
paradigm was applied with the environmental structures
composing an optic flow as a tunnel pattern to generate

A/P COP
DISPLACEMENT

Time (s)

Figure 3. The coherent averaged A/P COP displacement from subject #1 in response to egomotion induced by forward (DS, red) and backward
(DS, blue) scene stimulation. The dashed lines indicate the standard deviation of the A/P COP displacement. The gray area indicates DS
exhibition (250 ms). The brown area indicates the latency (300 ms) between evoked postural response by applying DS_ and DS ,.

w
>

15} {
. }*g;*iﬂgi #{i

>

A/P COP DISPLACEMENT (mm)

R R RN RN R RN RN RN R R RN RN R E RN RRRRERRRRRRE]

L ]

e

Lﬁh H}H

0 10 20 30 40 S0 60 70 8 90 100
a) STIMULATING SEQUENCE (¥)

sl i gi +|)SB_

of s

- ;
A R

2F

S
T

Time to Recover Stability (s)

st

(IR R RN RN RN NN E NN RN NN RN RN RNRN NN NNRNNNN NN NNRNNNANNRNNNNRNRRNRNNEN]

0 10 20 30 40

50 60 70 80 90 100

b) STIMULATING SEQUENCE (#)

Figure 4. The grand-average over DS trials (mean + standard deviation): (a) A/P COP displacement (absolute values); (b) time to recover

stability. Red and blue indicates the DS, and DS, respectively.
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Figure 5. Box-plot distribution of A/P COP displacement (absolute values), time to recover stability and instant peak time of egomotion

during DS, (red) and DS, (blue).

discrete forward or backward sway stimulation. This
tunnel pattern induced linear egomotion in the stationary
observer, changing the center of pressure position, as
also observed by Akizuki et al. (2005), Dokka et al.
(2009), Pretto et al. (2009), Streepey et al. (2007) and
Wang et al. (2010) during oscillating room stimulation.
The virtual scene was designed with an 8.0 m wide by
3.0 m high by 12.0 m deep room in order to stimulate
the peripheral vision while the floor moved parallel
to a ground plane. It was projected with dimension
1.72 x 1.16 m in a white wall located 1 m ahead from
the standing subject (81.4° x 60.2° visual incidence
angle). The size of the lateral view of the present
protocol increased the peripheral vision stimulation
since it is greater than those used in most virtual reality
displays as head-mounted display, shutter glasses or
computer monitor (ranging from 30 to 60°). According
to Pretto et al. (2009), the optic flow carried out by
those displays restricts the influence of visual inputs
at central visual field. Therefore, the visual incidence
angle used in the proposed virtual stimulation protocol
establishes the representation of the spatial structure of
the employed environment to stimulate the peripheral
vision as suggested by Guerraz and Bronstein (2008),
O’Connor et al. (2008) and Pretto et al. (2009).
The optic flow parallel to the A/P axis of the
human body was generated by the translation of the
floor, as the classical study of locomotion control
by Gibson (1950; 1954). This source of information
parallel to the A/P axis of the human body has been
used in most postural control protocols as described
by Dokka et al. (2009), O’Connor et al. (2008),
Pretto et al. (2009), Seno et al. (2010) and Wang et al.
(2010). Distinct of those studies, the reversing black
and white background during chessboard-like floor
translation applied simultaneously with the lateral
walls and furniture movements has accomplished to
increase the bi-dimensional optic flow up to 4°/s at the
periphery of visual field. Indeed, this optic flow field
velocity reflects the natural vision when the virtual

scene moves at the same velocity as the physiological
body sway perturbation (Berthoz et al., 1975; 1979;
Masson et al., 1995).

In the proposed protocol, the luminance was changed
by steps of 2 cd/m?, ranging from 31 to 39 cd/m? and
increasing (or decreasing) in forward (or backward)
direction while the scene is moved with constant
velocity (Vi =2.0 m/s). These luminance thresholds
applied here are in the range of those for real image
motion detection by the visual system, as reported
by Berthoz et al. (1975; 1979); Masson et al. (1995);
Pretto et al. (2009). However, these authors used a
constant luminance during forward displacement
to induce peripheral optic flow information for
navigation control, without objects in the central
visual field. On the other hand, in order to reproduce
the natural optical flow information for the orthostatic
posture control, the expansion / reduction of the size
of the table and chair in the central visual field was
employed. Besides, it was used also to highlight the
fusion between the black and white moving pattern
of the chessboard-like floor, increasing self-motion
sensation and hence the linear egomotion.

Such dynamic visual effect is equivalent to the
direction of body motion, i.e. body sway in the anterior
axes increases the optic flow of the environment,
otherwise (posterior sway) the optic flow decreases.
As a consequence, the proposed protocol induced the
illusion of self-motion in opposite direction of the DS
scene, as observed in the literature (Berthoz et al.,
1975; Dijkstra et al., 1994; Dokka et al., 2009; Gibson,
1950; Keshner and Kenyon, 2000; Lestienne et al.,
1977; Masson et al., 1995; O’Connor et al., 2008;
Paulus et al., 1989; Pretto et al., 2009; Seno et al., 2009;
2010; Stoffregen, 1985; 1986; Van Asten et al., 1988;
Wang et al., 2010). Therefore, the bi-dimensional optic
flow reflects the 3D layout of this virtual environment
available to the stationary observer, representing
the magnitude, velocity and direction of body sway
displacement. Moreover, the proposed setup allows
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including additional furniture, change the scene
velocity or the amplitude of displacement, as well as
roll the surrounding. However, these can be properly
evaluated in future studies in order to provide evidence
that the system can be useful in a broad set of postural
control experiments. Hence, such flexibility allows
investigating the interaction (or conflict) between the
visual system and the proprioception or vestibular
system without mechanic devices (as platform tilt,
translating sled or roll chair), generally used in most
studies. On the other hand, such devices cannot be
fully discarded, since the direct stimulation of the
other systems provides specific information, which
cannot be generated by a visual stimulation system.
The forwards and backwards scenes were applied
in random order and hence the subject could not predict
the direction of surrounding motion. Additionally, the
dynamic virtual stimulation with unexpected visual
motion-onset distracter scenes was used to avoid postural
adaptation or optic flow habituation, as suggested
by O’Connor et al. (2008), Reed-Jones et al. (2008)
and Wang et al. (2010). These authors reported that
consecutive visual scene motion at the same direction
decreases linear egomotion in about 40% and can raise
itin 10% after 10 stimuli. Although Reed-Jones et al.
(2008) reported that the A/P COP sway displacement
decreases with the repetition of the presentation, this
was not observed in our study. Indeed, the unexpected
surrounding motion creates a mismatch between
the dynamic virtual scene and motion of the body.
According to Wang et al. (2010), this divergence
produces a sensory conflict that interferes with the
capability to discriminate between visual field motion
and body motion, resulting in spatial disorientation
and changing the center of pressure position.
Linear egomotion was observed by applying
250 ms of a dynamic scene with a constant velocity
of 2 m/s and interspersed by 10 s of static scene at
the final position of the exhibiting room movement.
The orthostatic postural response occurred at the same
direction of the dynamic stimulation, with A/P COP
displacement and its standard deviation increasing
with the random sequence of stimulation. The results
agree with the literature: self-motion in scene velocity
greater than 1 m/s and sway amplitude increasing at
scene velocities as high as 2.0 m/s (Akizuki et al.,
2005; Darekar et al., 2015; Dokka et al., 2009; 2010;
Keshner and Kenyon, 2004; Streepey et al., 2007,
Wang et al., 2010). Those studies have demonstrated
that vection and postural response are correlated
with the velocity of the visual motion stimulation.
Dokka et al. (2009; 2010) observed body sway at
scene velocity of 1.25 and 1.88 m/s when compared
with lower scene velocities (< 0.31 m/s). Additionally,
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the visually evoked postural responses was lined
up with the plane of motion of the visual stimulus,
while the magnitude of body displacement increases
during linear egomotion when compared to the
static scenes, also observed by Akizuki et al. (2005),
Da-Silvaetal., 2015; Dijkstra et al. (1992; 1994) and
Wang et al. (2010).

The proposed dynamic virtual protocol induced
linear egomotion in more than 63% of the applied
trials. Considering that the subject reestablishes
the postural stability until the 7% second, the 10 s
of the static scene interval interspersed between
the dynamic stimulation ensured that, when a new
dynamic stimulus was applied, no significant effect
was observed from the previous one (ANOVA,
p > 0.8). Therefore, the postural instability is also
a time-locked activity (Da-Silva et al., 2015). This
finding indicates the influence of the static scene to
recover stability after the body sway perturbation.
According to Dijkstra et al. (1992; 1994), Fushiki et al.
(2005), Haibach et al., 2008 and Seno et al. (2010),
the static scene provides a time to recover stability
during the action-perception cycle for postural control
in a moving visual environment, avoiding the risk
of fall. On the other hand, the increasing of the A/P
COP and time to recover stability variability along
sequence of stimulation could be associated to the
prolonged upright stance during the protocol applied
here. To reduce this variability, we recommend for
further study that the amount of the dynamic visual
stimulation can be applied into distinct blocks, with
subject resting in a comfortable chair between blocks.

The results indicate that DS, peak occurs at
approximately 200 ms after DS peak. This finding
could be an indicative that the effect due to forward
stimulation elicits distinct control strategies to maintained
balance than that observed by applying the backward
stimulation. This difference perhaps could represents
a higher order cortical processing to maintaining
balance, since there are more magnocellular receptive
fields regarding to the increasing size of the image at
the retina, as well as the motion-processing pathway
that can be traced from those magnocellular input to
primary visual cortex and allied areas of the parietal
cortex (Kandel, 1991; Kuba et al., 2007). Hence, the
postural control strategy to maintain balance seems
to depend on the virtual scene direction.

All these findings indicate that linear egomotion
induced by forward and backward visual motion
stimulation was a major feature to promote A/P
postural instability. Besides, it is in agreement with
the physiological properties of the visual system:
the expansion (or reduction) of the scene increases
(or decreases) the size of the image at the retina and
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the optic flow in the periphery of the visual field
(Paulus et al., 1989; Seno et al., 2009; Stoffregen,
1985). Thus, it evokes an illusion that something
moves towards (or backwards) the subject, as pointed
out by Berthoz et al. (1975; 1979), O’Connor et al.
(2008), Pretto et al. (2009), Reed-Jones et al. (2008)
and Wang et al. (2010). This finding suggests that
linear egomotion and the direction of the A/P COP
displacement during distinct dynamic scenes are
directly associated, as reported by Fushiki et al.
(2005) and Wang et al. (2010). Therefore, the virtual
dynamic visually evoked postural responses during
stabilometric test cannot be elicited without an illusion
of egomotion.

Hence, the dynamic property of the proposed
protocol generates visual optic flow stimulation as
a tunnel pattern similar to the natural vision during
orthostatic sway. The virtual stimulation induces
COP displacements response due to dynamic layout
available to a stationary observer. The effects of linear
egomotion are dependent on the direction of the
dynamic visual stimulation. This finding indicates the
potential application of the proposed virtual dynamic
visual stimulation protocol to investigate the cortical
visual evoked response in postural control studies.
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