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ARTICLE INFO ABSTRACT

Postural control is influenced by eye movements. Gaze fixation, which comprises a component of ocular ver-
gence, is important in the acquisition of highly specific task information, but its relation to postural control is
little investigated. The aim of the study was to investigate the effects of gaze fixation position (central and lateral
fixations) on postural sway in young adults. Forty young adults with ages ranging from 20 to 35 years were
invited to participate in the study. Postural sway was measured in quiet stance in bipedal support in three 60-s
trials under the following conditions: gaze fixation on a target positioned in front of participant, gaze fixation on
a target positioned on right side of participant, and gaze fixation on a target positioned on left side of participant.
The following center of pressure parameters (COP) in the anteroposterior (AP) and mediolateral directions (ML)
were analyzed for each of the trials: body sway displacement, mean velocity of sway, root mean square (RMS) of
sway, and median frequency. In addition, detrended fluctuation analysis (DFA) exponent, in anteroposterior and
medio-lateral directions, was calculated. The COP presented greater AP and ML displacement (p < 0.03, effect
size = 1.37;and p < 0.03, effect size = 1.64, respectively) and RMS AP and ML (p < 0.04, effect size = 1.66;
and p < 0.02, effect size = 2.50, respectively) for lateral gaze fixation compared to central gaze fixation. These
results suggest that gaze fixation on a laterally positioned target increases body sway in anteroposterior and
mediolateral directions.
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1. Introduction

Postural control ensures guidance and necessary stability in all tasks
performed [1] and visual information plays an important role in the
generation of postural synergies for postural control during bipedal
posture [2]. Periods of relative gaze stability (fixations) allow the ac-
quisition of relevant information of the scene, providing highly specific
layout of the environment [3]. The time of gaze fixations, gaze position,
and sequence in which gaze fixations occur are closely linked to the task
and are controlled by cognitive systems [3,4]. In sports and many daily
activities, it is necessary for humans to fixate objects that are not po-
sitioned in front of them, for example, when typing on a computer and
redirecting the gaze alternately between the keyboard and the monitor
(vertical movement) or between the keyboard and a document posi-
tioned on the side of the keyboard (horizontal movement).

When people fixate their gaze on a target, rotational movements of
the eye are responsible for redirecting their position to the side,

regardless of whether the head or neck have been moved, and also for
stabilizing the movement of the head [5]. Gaze fixation on an object
occurs through the simultaneous movement of both eyes [6], and this
coordination is maintained by the synergic action of the eye muscles
[7]. Distinct areas of the brain stem mediate the commands coming
from the cerebral cortex to the reticular formation, and then to the
nuclei of the cranial nerves responsible for conjugate eye movements
(oculomotor, trochlear, and abducens nerves) [6]. Due to spontaneous
body sway, the image of the environment moves on the retina; this
retinal slip (directly related to these oscillations) is used by the central
nervous system as feedback for compensatory sway [8]. Therefore, vi-
sion can facilitate stabilization of upright posture, by enabling detection
of self-motion relative to structures in the visual field [9].

Body sway is influenced by visual information. How body sway is
influenced by the direction of the gaze movement in saccades [10-13],
smooth pursuit eye movements [10], and ocular vergence that must
occur in fixations [13-15] have been previously studied. Stoffregen and
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colleagues [17] found that postural sway is lower when directing the
gaze at an oscillatory target than at a stationary target. Horizontal
saccades and pursuit eye movements also seem to attenuate body sway
when compared with gaze fixation [10,11,17]. When we move the eyes
compared to when we look forward, the proprioceptive or afferent
signals of the extraocular muscles are activated, which provides input
to the postural system to improve stability [14]. In addition, Kapoula
and Lee [14] showed that in young adults, at a distance of 200 cm, body
sway is reduced when there is elevation or depression of the eye relative
to the frontal fixation, indicating an improvement in postural control.
However, at a shorter distance (40 cm), the eye-gaze position did not
affect body sway relative to the frontal fixation. Thus, the combination
of these findings seems to indicate that gaze fixation on an object
(target) positioned laterally could also attenuate body sway. However,
to date, no studies have investigated the effects of gaze fixation, without
head movement, on a target positioned laterally to the individual, on
body sway. Previous studies have investigated the influence of gaze
lateral fixation on postural control, but the individuals oriented their
head towards one of target directions [13,15] or performed a difficult
free-searching task without gaze fixation in one target [16].

Within this context, we intend to answer the following question:
does lateral gaze fixation attenuate body sway? The aim of the study
was to investigate the effects of gaze fixation position (frontal and
lateral fixations) on postural sway in young adults. The hypothesis was
that lateral gaze fixation would reduce body sway in young adults,
corroborating previous studies that manipulated the gaze fixation po-
sition [14] and analyzed the saccadic lateral movement [11,17].

2. Method
2.1. Participants

Forty young adults with ages ranging from 20 to 35 years were
invited to participate in the study. The following exclusion criteria were
established for participation in the study: impairment in visual acuity
even with the use of corrective lenses (values greater than 20/20 in the
Snellen test) [18], the use of drugs that interfere in postural control, the
presence of musculoskeletal and/or neuromuscular impairments in the
previous 6 months, and balance disorders that would prevent perfor-
mance of the required tasks. All participants were blinded to the pur-
poses of the experiment. Prior to experimental procedures, participants
signed a written consent form approved by the local ethics committee.
All study procedures were performed in accordance with the ethical
standards laid down in the Helsinki Declaration.

Seven participants were excluded from the initial sample due to the
following exclusion criteria: one participant reported a sprained ankle
in the previous three months, one participant presented impairment in
visual acuity (20/40 on the Snellen test), and four participants were
excluded due to problems in data collection. Thus, the sample of this
study included 33 participants (21 men, age — 22.30 * 3.20 years;
height — 1.71 = 0.08 m; body mass — 70.90 = 10.40 kg).

2.2. Procedures

The participants came to the laboratory on one-single day. First,
they responded to an interview to confirm that they did not meet the
exclusion criteria of the study. Subsequently, the Snellen test was used
to check visual acuity. Finally, body sway was assessed.

Postural sway was evaluated during quiet standing in bipedal stance
and the participants were barefoot. The feet were positioned side-by-
side, hip width apart [19]. To ensure that the participants maintained
their feet in the same position in all trials a kraft paper sheet was used,
the size of the force platform, on which the contour of each participant’s
feet was drawn.

Each participant performed three 60-s trials under the following
conditions: gaze fixation on a target positioned in front of participant,
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Fig. 1. Schematic representation of the central target position (a) and lateral target po-
sitions (b).

gaze fixation on a target positioned on right side of participant and gaze
fixation on a target positioned on left side of participant. Each parti-
cipant performed a total of 9 trials. Each block of trials for each con-
dition was randomized for each participant. The participants were in-
structed to maintain an upright standing position, with head positioned
forward and without moving, and gaze directed at a target positioned
according to the condition held. The study was conducted in an isolated
room that had no other visual information apart from the target.

For the frontal gaze fixation task (frontal target), the target was
positioned 100 cm away from the participant. For the lateral gaze
fixation task, the target was positioned 27 cm from the frontal target,
requiring a 15° visual angle (Fig. 1). This angle was used to allow
participants to fix one point without moving the head [17]. During the
tasks, only the target that corresponded to the condition was kept
visible to the participant, avoiding any distractions. Furthermore, one
researcher observed and verified each participant’s appropriate gaze
fixation on the target using a small camera (Microsoft webcam, model
1407, 60 Hz). After data collection, videos were analyzed to reconfirm
the required gaze fixation for each condition. When, during data col-
lection, the participants did not keep their eye fixated on the target, or
performed any body movement, the trial was discarded and performed
again.

2.3. Data collection and analysis

Body sway of the participants was measured using a force plate
(AccuGait, Advanced Mechanical Technologies, Boston, MA),
50 cm X 50 cm, with a sample rate of 120 Hz. The resultant CoP signal
of the ground reaction force was determined in a 2-dimensional
transverse plane by means of digital moment-of-force calculations. The
first 10 s of each recording were ignored to avoid potential disturbances
resulting from delayed stabilization after the participant stepped onto
the force plate. The data were filtered with a fourth order low-pass
Butterworth filter with cutoff frequency of 5 Hz. The following para-
meters of CoP in anteroposterior and medio-lateral directions were
calculated for each trial: displacement (the length of the CoP trajectory
on the support base); mean velocity (the displacement of the total sway
of the CoP divided by the total duration of the trial); the root mean
square (RMS — the CoP variability around the mean CoP trajectory)
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and median frequency of sway. The last parameter was calculated by
employing spectral analysis of the position time series separately in
each direction (Matlab software version 7.10, Mathworks). In addition,
detrended fluctuation analysis (DFA) exponent, in anteroposterior and
medio-lateral directions, was calculated [20,21]. DFA exponents vary
between 0 and 2. When DFA < 0.50r 1 < DFA < 1.5, the signal is
anti-persistent ~ (smaller =~ DFA = more anti-persistent). =~ When
0.5 < DFA < 1 or 1.5 < DFA < 2, the signal is persistent (larger
DFA = more persistent). Some diversity exists regarding how these
exponents are to be practically interpreted [21].

During postural control data collection, participants used the Head
Tracker system (EYE HEAD™ integration) to verify possible head
movements. The sample rate was 60 Hz. The Head Tracker system
consists of a magnetic transmitter to track head position. The device
uses a fixed point as a reference and software calculates the distance
between this fixed point and the Head Tracker. To verify the position of
the head, the average position of the head in the anteroposterior, lat-
eral, and longitudinal axes were calculated for each trial and analyzed
separately for each axis of motion.

2.4. Statistical analysis

The significance level was set at 0.05 for all analyzes and SPSS 18.0
(SPSS, Inc.) was used for statistical analysis. The Shapiro-Wilk and
Levene’s tests were employed to check the normal distribution of data
and homogeneity of variances, respectively. The average of the right
and left trials was calculated. The parameters of the CoP and head
position were analyzed by ANOVA with repeated measures for condi-
tion (central gaze fixation x lateral gaze fixation). The effect size (eta-
squared) was calculated for each statistical analysis and interpreted as
small (effect size < 0.2), medium (effect size between 0.3-0.7), or
large (effect size > 0.8) [22].

3. Results

As expected, there was no significant difference in head position in
the anteroposterior, lateral or longitudinal axes (F1,32 = 0.15,
p = 0.70; F1,32 = 0.11, p = 0.73; F1,32 = 0.01, p = 0.89, respec-
tively) between the central and lateral gaze fixation conditions. The
CoP (Fig. 2) of the participants demonstrated greater anteroposterior
and mediolateral displacement (F1,31 = 4.77,p < 0.03, effect
size = 1.37; and F1,31 = 4.76, p < 0.03, effect size = 1.64, respec-
tively) and RMS (F1,31 = 4.22, p < 0.04, effect size = 1.66; and
F1,31 = 5.36, p < 0.02, effect size = 2.50, respectively) for the lat-
eral gaze fixation condition compared to the central gaze fixation
condition. There were no significant effects of gaze fixation for mean
velocity, median frequency of sway and DFA exponent in ante-
roposterior and mediolateral directions (p > 0.05).

4. Discussion

The main question of the study was whether lateral gaze fixation
attenuates body sway. Our results seem to indicate that lateral gaze
fixation did not attenuate body sway. Fixating the gaze on a laterally
positioned target seems to increase the anteroposterior and medio-
lateral body sway compared to fixating the gaze on a centrally posi-
tioned target (forward gaze fixation). There were effects on ante-
roposterior and mediolateral displacement and RMS, but without
effects on other parameters. The increased anteroposterior displace-
ment was contrary to previous findings for horizontal saccades [17],
which indicated an increase in body sway only in the mediolateral di-
rection. We can interpret this difference in findings as a consequence of
the task since horizontal saccades induce mediolateral adjustments
while fixation of the gaze on a lateral position did not seem to produce
this effect. In addition, the absence of effects on other parameters, such
as body sway velocity and DFA, seems to indicate a functional strategy
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to perform the lateral fixation efficiently. The participants need to ad-
just body sway displacement and its variability, but without changing
temporal parameters. Thus, the results of our study contradict our hy-
pothesis that lateral gaze fixation reduces body sway in young adults.
Three alternative mechanisms could be considered to explain the higher
body sway during the lateral gaze fixation.

First, increased postural sway during lateral gaze fixation seems to
be a postural control strategy to deal with the task. To obey an in-
struction given to the participants prior to the task, “keep your eyes
fixated on the target and don’t move your head,” and to adjust the
system to possible fluctuations in optical flow due to the position of the
eye, the participants appeared to be successful in the gaze fixation task
(since none of the participants moved their head or stopped gaze
fixation on the lateral target) in a manner detrimental to postural
control, increasing body sway. The increased postural sway during
lateral gaze fixation suggests that despite visual and postural beha-
viours presenting a strong synergy in the control, which may require a
bidirectional feedforward command with postural and visual control
mutually modulated with respect to each other [23]. The visual system
seems to lead the feedforward control of postural sway due to the in-
struction given in the task. On the other hand, the postural task per-
formed by young adults in this study is quite easy, which allows an
increase in body sway. However, if we think about a sport or daily
situation that requires fine postural control when we fixate the gaze on
a side object, a small change in maintaining postural stability (i.e.,
higher body sway) could decrease performance in the task or result in a
fall. In the same view, the postural system can tolerate more instability
when the target is further away. In the present study, the target was
more distant in the lateral conditions (100 cm with the target in the
center and 104 cm with the target in the lateral position); there is
evidence that greater (frontally positioned) target distance by itself
increases body sway [24,25].

Second, gaze fixation on an object for 60-s is not a task normally
performed by individuals, which could cause fatigue of the extraocular
muscles. Under normal conditions, when the head can move freely or
saccadic movements can be performed, the individual combines mo-
ments of gaze fixation with eye saccadic or head movements, allowing
the individual to require less effort from extraocular muscles and keep
their eyes on the center of the orbit [5]. In addition, when the eye is in
the primary position, the majority of the fatigue-resistant units of the
orbital and global layers are recruited for the fine and sustained gra-
dation of force needed for fixation and binocular vision [26]. However,
when the eyes move laterally, there is an increase in muscular tension
to keep the eyes in this position [27]. Collins and collaborators [27]
verified that levels of tension required to maintain fixation at each
position of gaze vary from a minimum of 8-12 g approximately 15°
outside the muscle's field of action to a maximum of around 40 g at
extreme gaze within the muscle’s field of action. Furthermore, the lat-
eral fixation task of the present study is not usually performed by the
participants, which could result in fatigue shortly after the beginning of
the task. Thus, maintaining gaze fixation at a point (object) laterally
positioned for the time required in the present study may cause fatigue
of the eye muscles that perform the lateral gaze fixation, possibly af-
fecting postural control.

Third, fixation on a laterally positioned object, with the head or-
iented forward, increases the divergence of the eyes to focus on the
target. By stabilizing the gaze sideways, as mentioned above, the dis-
tance from the target to the individual increased by 4 cm. To fixate the
target sideways without moving the head to the side, participants had
to increase the eye divergence. When individuals fixate a lateral target
and move their head to the target, eye divergence does not happen.
Different from our findings, this no-divergence task did not cause ef-
fects of gaze orientation on body oscillation when a target was fixated
laterally [15]. According to Kapoula and Lee [14] gaze divergence
occurs when we fixate an object that is farther away without head
movement. In addition, the authors indicate that the oculomotor
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convergence that occurs when viewing closer objects promotes postural
stability in the quiet standing posture, decreasing body sway, since

proprioceptive information of extraocular muscles that influence pos-
tural stability are improved. Finally, extraocular proprioception
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contributes to the eye, head, and body position coding in relation to
postural and environmental conditions [28,29].
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5. Conclusion

In conclusion, gaze fixation on a laterally positioned target increases

body sway in anteroposterior and mediolateral directions. These results
confirm the influence of gaze position on postural stability which
should be considered when performing tasks requiring attentional focus
and postural stability simultaneously, for example, sports such as ar-
chery.
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