
sustainability

Article

Sustainable Intervention for Health Promotion
and Postural Control Improvement: Effects of
Home-Based Oculomotor Training

Valerio Bonavolontà , Stefania Cataldi * , Adalisa Coluccia, Antonio Giunto
and Francesco Fischetti

Department of Basic Medical Sciences, Neuroscience and Sense Organs,
University of Study of Bari “Aldo Moro”, 70124 Bari, Italy; valerio.bonavolonta@uniba.it (V.B.);
a.coluccia7@studenti.uniba.it (A.C.); antonio.giunto@uniba.it (A.G.); francesco.fischetti@uniba.it (F.F.)
* Correspondence: stefania.cataldi@uniba.it; Tel.: +39-080-5351126

Received: 10 November 2020; Accepted: 15 December 2020; Published: 17 December 2020 ����������
�������

Abstract: Currently, it is crucial to propose daily sustainable interventions that elicit healthy lifestyles and
the promotion of favorable health outcomes beyond the usual medical prescriptions. Home confinement
and pandemic limitations reduced physical activity and augmented sedentary behaviors that potentially
also reflect on posture. Health-related quality of life includes an effective postural control which is affected
by visual performance. Therefore, the aim of the study was to analyze the effects of a single session of
eye exercises and also of a home-based oculomotor training on postural control. Thirty active adults
(mean age: 42.9 ± 14.4 years) were randomly assigned to three experimental conditions: subjects were
evaluated on a stabilometric platform before (T0) and immediately after (T1) a training session consisting in
clockwise ocular movements (C1), counterclockwise (C2) and mixed condition (C3). All subjects repeated,
at home, the same ocular training and were re-evaluated after 5 weeks (T2). All measured variables
tended to improve after 5-week home training, but significative differences were found, especially in
acute measurement. C1 and C2 conditions showed better results than C3. Thus, a specific oculomotor
training, a cost free and self-administered training, can represent a practical tool to improve postural
control and health-related quality of life in active adults.

Keywords: eye exercises; home-based exercise; ocular mobilization; postural stability; health-related
quality of life

1. Introduction

In the current pandemic scenario, more than ever, the need for sustainable actions to improve the
health-related quality of life and that favor health promotion in a wide range of populations emerges.
Indeed, the pandemic scenario caused restrictions on circulation and several other limitations that do
not favor social participation and life satisfaction [1] nor the overall levels of physical activity and the
usual physical and sports activities habits [2,3].

The acquisition and the maintenance of healthy lifestyles require also non-medical interventions
that comprise regular and effective physical habits on a daily base that need to be incorporated into
people’s life [4,5]. These interventions should be, as much as possible, low cost and should also be
effective in time managing, exploiting, at its best, free time and home setting, induced by the pandemic
context. In addition, home confinement augmented existing or induced sedentary behaviors that
could also potentially reflect on postural habits [6]. On these bases, it is crucial to develop easy-access
sustainable physical and training strategies that are able to foster healthy lifestyles in order to increase
health status and reduce physical inactivity [5,7].
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Health-related quality of life is a complex construct that involves a healthy musculoskeletal system
and also a good postural control: it can be defined as the perceived, valued health attributes, such as the
sense of comfort or well-being, the ability to maintain good physical, emotional, and intellectual functions,
and the ability to satisfactorily take part in social activities [8]. Postural control is the result of a complex
neuromuscular interaction regulated by automatic and reflex mechanisms, which are elaborated by the
Central Nervous System (CNS) and integrate information coming from the sensory systems [9].

Indeed, postural stability is supported by the integration of three systems [10]: proprioception,
vision and the vestibular system. Peterka reported that, from a functional point a view, balance control
can be viewed as a closed-loop feedback control system based on the integration of different sources
of sensory information with the sensory integration process being influenced by system’s feedback
nature [11]. There are several studies regarding the influence of visual, vestibular, and somatosensorial
systems on visual motor orientation and postural control [12,13]. It is also well known that any
imbalance of these systems will affect the tonic postural system, eventually leading to disfunction and
consequently to pain [14]. Bonnet and Baudry proposed a synergistic model providing a new approach
to understanding postural control: this model emphasizes the functional nature of the CNS to perform
both postural and visual behaviors in a unified and not dualistic way [15]. The authors also suggest
that, in order to better understand how individuals can succeed in precise visual tasks when upright,
it is necessary to fill the research gap between visual and postural control. In a recent systematic review,
Paillard pointed out that the visual contribution strongly impacts postural balance, mainly in the static
condition whilst, in the dynamic condition, this contribution decreases because of induced movements
of the head that disturb the integration of visual information, while the contribution of proprioception
inputs increases [16]. Anyway, the same author in a previous study reported that the contribution
of visual cues increases as the difficulty of postural task increases in the dynamic condition and also
that it differs, depending on the physical and sport activities requirements; additionally, motor/sport
experience can lead to a visual contribution decrease in sportspeople with respect to non-sportspeople:
that is, expertise and complexity of the task can modulate visual contribution, decreasing or increasing it,
respectively [17]. Horak concluded that postural control and falls, consequently, are context dependent,
as individuals have different cognition and, thus, it is important to assess the integrity of physiological
systems and compensatory strategies available and not only the balance performance [18].

Eye exercises are used in several fields of optometric practice and have been reported to
improve a wide range of conditions, including vergence problems, ocular motility disorders, learning
disabilities, dyslexia, asthenopia, myopia, motion sickness, sports performance, stereopsis, visual field
defects, visual acuity, and general well-being [19]. To date, few studies are available on the effects
of oculomotor exercises and postural control in the healthy active population. The available research
found improvements in postural stability and dynamic visual acuity after three weeks of oculomotor
exercises, suggesting that this specific type of ocular system exercise may be beneficial for healthy
young adults [20]. Bhardwaj and Vats found improvements in balance and in confidence to carry
out the daily life activities in a healthy elderly population after gaze stability exercises [21]. Recently,
Fischetti et al. investigated the effects of home-based oculomotor exercises (saccadic eye movement
exercises and smooth pursuit exercises) on postural stability in healthy female adults and found
that the intervention group showed improvements after 4 weeks whilst control group did not [22].
In another study, Minoonejad and colleagues used oculomotor exercises to enhance the limit of stability
and dynamic visual acuity in basketball players, suggesting that these exercises could be useful for
other dynamic sports [23]. Meskati et al. concluded that there is no difference in keeping balance in a
non-vision condition between athletes and nonathletes, suggesting that karate athletes can obtain and
optimize postural information, also accounting on the proprioceptive system as nonathletes do [10].
Conversely, Paillard reported that, due to motor experience, sportspeople are less dependent on vision
for controlling their posture, so that vision can be dedicated to processing the information from the
sport action [16]. However, it is reasonable that, depending on the sport discipline, athletes and
nonathlete people have different strategies referring to postural control.
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Postural control can also potentially affect visual performance [24]. It could be then argued that
posture and visual function influence each other, and that postural control is not an autonomous
system, but is rather organized as part of an integrated perception-action system [24].

Thus, it could be hypothesized that ocular mobilization training will induce modifications on
posture either acutely or, more effectively, chronically, across time. Anyway, to our knowledge, there are
no studies comparing acute and chronic effects of a specific oculomotor training on the healthy active
adult population. Moreover, there is only one study previously cited that investigated a home-based
training, based on saccadic and smooth exercises [22]. Therefore, the aim of the present study was to
analyze the acute effects of a single oculomotor training session and the chronic effects of a 5-week
home training, based on the same exercises, on postural control in active adults.

2. Materials and Methods

2.1. Participants

A priori sample size analysis indicated that 30 participants were required to detect a medium effect
size (f = 0.25 or 0.4) on the basis of a coefficient of correlation p = 0.60 with statistical power of 80% and
α = 0.05, using a mixed design within–between subjects.

Then, 30 regularly active subjects (M age = 42.9 years, SD = 14.4; 10 males and 20 females; height
168 cm, SD = 0.1; weight = 65.1 kg, SD = 10.5; BMI = 22.8, SD = 3) were recruited from a local sport
center and were equally distributed, according to their age and gender, to one of the three experimental
conditions, each one characterized by a specific ocular training task. All the subjects regularly practiced
physical activity (i.e., gymnastics) three times a week in the same sport center where the experiment
was held.

Inclusion criteria were as follows: all participants were healthy, had normal vision with or without
correction by eyeglasses or contact lenses and none of them had evidence or known history of gait or
postural or skeletal disorders. None of the subjects were assuming drugs at the time of the experiment.

Written informed consent was obtained from each subject before the participation. The study
was approved by the Institutional Review Board and was inserted in the Adapted Physical Activity
Prevention Program which had obtained Ethical Approval (assigned number 553/EC); it was also
conducted in accordance with the ethical standards provided by the Helsinki Declaration of 1964 and
later versions.

2.2. Recording Procedures

The subjects were evaluated for their posture before (T0) and immediately after (T1) a specific
ocular mobilization training session consisting in counterclockwise ocular movements (C1), clockwise
(C2), and mixed (both clockwise and counterclockwise) condition (C3). All subjects were also instructed
to repeat the same ocular training at home and were re-evaluated after 5 weeks (T2). At T0, T1 and
at T2, posturography recordings were performed using a 10-Hz sampling frequency vertical force
platform (Bio Postural System, AXA S.r.l., Vimercate [Milan], Italy) with subjects placed standing in a
quiet stance. This platform includes load cells with an internal circuit that changes electrical resistance
upon the application of force. Participants were positioned in a stand position and were required to
remain relaxed but as stable as possible, with eyes open and their arms hanging free beside their trunk.
In addition, all subjects were asked to avoid alcohol and heavy exercise during the 24 h before the
postural recordings. Each recording lasted 60 s without any modification in the position of feet on the
platform. Subjects were asked to perform oculomotor exercises without leaving the platform between
T0 and T1 in order to avoid modification of feet position on the platform between two close tests [25].

The following parameters were measured and recorded on the stabilometric platform: length
function of surface (LFS), anterior–posterior acceleration (APA), length of the center of gravity (LCG),
center of gravity area (CGA) and backfoot load (BFL).
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• LFS refers to the path done by the center of pressure during the recording process; it is a
non-dimensional parameter.

• APA refers to the accelerations performed by one’s body to keep the orthostatic posture; it is
measured in mm/s2.

• LCG represents the total length covered by the center of gravity; it is measured in mm.
• CGA is the surface of the body sway, expressed in mm2, showing the confidence ellipse based

on 90% of the sample positions. It indicates the precision of the balance control system. It is
measured in mm2.

• BFL indicates the rearfoot load in percentual (%).

2.3. Oculomotor Training

At T1 and T2, participants performed all the exercises in a standing position; between T0 and T1,
subjects were asked to not leave the platform nor to change their positioning while performing the
oculomotor exercises. The oculomotor task consisted in following a target moving in three different
directions: counterclockwise (C1), clockwise (C2) and mixed (C3) both clockwise and counterclockwise
(like the sign∞), with respect to subject’s point of view. These exercises were previously proposed by
Bricot and more recently by Clark et al. [26,27].

The target was a reversed pen moved by the operator put at a distance of approximately 15 cm
apart from the subjects’ eyes. All the conditions lasted one minute and were carried out by the same
expert operator who followed the same procedure. At T0 subjects were also instructed under the
guide of the operators to practice while holding themselves the pen so that they could replicate the
oculo-motor exercises at home autonomously; practice lasted until they showed enough confidence
with the task.

Home training consisted in repeating, at home, the same eye exercise conditions performed
between T0 and T1: subjects, placed in a stand position and holding themselves the pen, repeated the
eye exercises for one minute each session, about four times a day (average sessions = 3.96). During
home training, participants also completed a diary where they reported the time and the numbers of
sessions performed for each day of the home training.

2.4. Statistical Analysis

To compare each variable for the three conditions between T0 and T1 and T0 and T2, a paired
samples t test was used. Repeated measures ANOVA was then applied to compare C1, C2 and C3 effects
on LFS, APA, LCG, CGA, BFL as dependent variables for within and between groups. When statistical
differences were found, a simple t test was then applied as post hoc analysis. Effect sizes were calculated
as partial eta squared (η2) according to Cohen’s definition of small (η2 < 0.06), medium (0.06 ≤ η2

≤0.14)
and large (η2 > 0.14) [28]. Statistical significance was set at p ≤ 0.05. Statistical package SPSS (Version 24.0
for Windows; SPSS Inc., Chicago, IL, USA) was used for all analyses.

3. Results

Means, standard deviations measured for the three conditions between T0 and T1 and between
T0 and T2 for all the dependent variables are reported in Table 1.

T test revealed that the C1 condition had a significant effect on APA (T1 vs. T0, η2 = −30.02
p < 0.01) as it is shown in Figure 1, and a value close to significance for LFS, as reported in Figure 2
(T1 vs. T0, η2 = −0.08 p = 0.05); Figure 3 showed that the C2 condition showed a tendency to improve
on BFL (T1 vs. T0, η2 = −2.70 p = 0.05), while no significative differences were found for the C3
condition. Moreover, only the APA variable showed significant difference between T0 and T2 for the
C3 condition as shown in Figure 1 (T2 vs. T0 η2 = −18.21, p < 0.05).
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Table 1. Changes in the posturographic parameters in acute and after 4 weeks for the 3 training conditions. Data are expressed as mean + SD.

Panel a C1 (Counterclockwise)

Parameter T0 T1 ∆T1-T0 ES T2 ∆T2-T0 ES

LFS 1.11 ± 0.16 1.04 * ± 0.12 −0.07 0.50 1.08 ± 0.16 −0.03 0.19
APA (mm/s2) 232.56 ± 39.76 202.54 * ± 37.57 −30.02 0.78 226.39 ± 60.11 −6.17 0.12

LCG (mm) 687.03 ± 112.48 664.36 ± 138.03 −22.67 0.18 701.02 ± 156.27 13.99 0.10
CGA (mm2) 19.77 ± 25.90 19.33 ± 18.22 −0.44 0.02 17.80 ± 13.37 −1.97 0.10

BFL (%) 88.74 ± 7.85 86.94 ± 8.88 −1.80 0.22 85.02 ± 8.93 −3.72 0.44

Panel b C2 (Clockwise)

Parameter T0 T1 ∆T1-T0 ES T2 ∆T2-T0 ES

LFS 1.15 ± 0.12 1.11 ± 0.19 −0.04 0.26 1.06 ± 0.18 −0.09 0.60
APA (mm/s2) 236.80 ± 41.82 227.35 ± 33.18 −9.45 0.25 221.91 ± 46.89 −14.89 0.34

LCG (mm) 746.79 ± 134.26 737.83 ± 111.91 −8.96 0.07 716.89 ± 151.21 −29.90 0.21
CGA (mm2) 24.80 ± 36.37 25.01 ± 40.25 0.21 0.01 15.58 ± 11.95 −9.22 0.38

BFL (%) 90.14 ± 9.63 87.44 * ± 8.81 −2.70 0.29 89.19 ± 8.77 −0.95 0.10

Panel c C3 (Mixed)

Parameter T0 T1 ∆T1-T0 ES T2 ∆T2-T0 ES

LFS 1.11 ± 0.13 1.11 ± 0.19 0 0 1.08 ± 0.18 −0.03 0.19
APA (mm/s2) 250.03 ± 30.39 240.28 ± 25.91 −9.75 0.35 231.82 * ± 31.94 −18.21 0.58

LCG (mm) 737.84 ± 162.48 715.72 ± 157.51 −22.12 0.14 721.13 ± 155.23 −16.71 0.11
CGA (mm2) 14.45 ± 8.94 15.20 ± 10.17 0.75 0.08 15.03 ± 12.91 0.58 0.05

BFL (%) 85.80 ± 10.76 83.89 ± 11.76 −1.91 0.17 85.76 ± 9.82 −0.04 0

∆, individual change. ES, Cohen’s d effect size. * Significantly different from T0 (p < 0.05).
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Figure 1. APA mean values for the three conditions across T0, T1 and T2. APA = anterior–posterior
acceleration. * p ≤ 0.05.
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Figure 2. LFS mean values for the three conditions across T0, T1 and T2. LFS = length function of
surface. * p ≤ 0.05.

ANOVA analysis revealed significative differences only for APA variable for the three oculomotor
conditions between T1 and T0 (F2, 27 = 3.46, p < 0.05, η2 p = 0.20); post-hoc analysis revealed that C1
condition had an improvement effect on APA values at T1 especially with respect to C3 (C1 vs. C3,
p = 0.015).
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Figure 3. BFL mean values for the three conditions across T0, T1 and T2. BFL = backfoot load. * p ≤ 0.05.

4. Discussion

To reduce physical inactivity and bad postural behaviors induced by modern times and increased by
pandemic confinement, effective and sustainable interventions are required to facilitate the acquisition
of healthy lifestyles, possibly in a home context. The aim of our study was to investigate if specific
oculomotor training could improve postural stability in active adults after a specific session. Balance
control and postural control depend on the integrity of various sensory and motor systems [29]. Visual
and postural systems are mutually affected and negatively reduced visual acuity influence feedback to
the complex postural control system [30]. In the study, we also verified the chronic effects of home-
based training with the same eye exercises that lasted 5 weeks. Eye exercises were studied in several
fields with different effects that need to be further explored and supported by robust studies [19].
Previous studies showed that eye movement increases body sway and supports the functional relation
between body sway and eye movements [31,32]. Fischetti et al. found significative improvement after
a 4-week home program based on saccadic eye movements and smooth pursuit, while the control
group did not show any difference [22]. Pimenta and colleagues reported that oculomotor and gaze
stability exercises are easy to learn [33], and they can be performed at home autonomously or with
minimal supervision. In the present study, three different oculomotor exercises were proposed to check
for differences both in acute and after a home-based training that lasted 5 weeks. Our preliminary
results revealed statistically significative differences for one of the five dependent variables for the three
oculomotor conditions across the three evaluations. In any case, parameter values of postural control
decreased especially for APA, BFL and LFS (as it is shown in Figures 1–3), leading to improvements in
postural stability. In particular, a general tendency to statistical significance was found in acute (T1)
rather than after 5 weeks of home exercises. This could be explained with the relative effectiveness of
the self-done exercises between T1 and T2 and consequently to a transient effect that these exercises
may have, if not constantly performed or adequately supervised. Both C1 and C2 conditions showed
better results than C3, suggesting that counterclockwise and clockwise exercises had a higher effect
on the improvement of the postural control. These results differ from previous findings that showed
that home-based exercises for 4 weeks significatively improved posture stability in the experimental
group with respect to the control [22]. Our study involved both males (n = 10) and females (n = 20),
while several others recruited only female participants [22,23]. Although it has been proposed that
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gender differences may occur regarding the postural control, suggesting that female athletes present a
neuromuscular system more exposed to pain and injuries [34], other authors reported no significant
gender-related differences [35,36]. Further studies should better clarify this topic and also check for
gender differences after following oculomotor training on larger samples. It could be also argued
that, for the present study, the specificity of the oculomotor training was more complex than that
proposed in the previous study [22]; in addition, our participants were more regularly active with
respect to the sample of the abovementioned research. Thus, subjects, if not adequately supervised
by an expert instructor, are less able to effectively reproduce the exercises on their own. Although
subjects were asked to complete a daily schedule where they had to report the time and how many
times they performed the training, it is possible that not everybody performed the exercises the same
number of times, consequently altering the total home training volume. Regarding which type of
condition produced more improvements, as it is shown for mean and median values in Table 1, C1 and
C2 seem to be more effective than C3. In particular, LFS showed a tendency towards improvement for
C1 and C2; APA values improved at T1 and T2 for C2 and only at T1 for C1; CGA values tended to
improve at T2 for C1 and C3; LCG values improved especially at T1 for C1 and C3; BFL improved
only at T1 for C1, C2 and C3. It is also to remark that despite the fact that some differences are not
statistically significant, they show a remarkable tendency to improve postural control, depending on
the experimental condition. C3 showed less improvements than C1 and C2; moreover, three subjects
who performed C3 exercises at T2 reported a sensation of nausea and discomfort, suggesting that they
could have consequently reduced the frequency and the regularity of their home training.

Limitations of the study include the relatively small size and age heterogeneity of the sample;
besides, the unsupervised home training could have reduced the regular practice of the oculo-motor
exercises and thus their sustained effectiveness across the time. Further studies should investigate
more accurately the home training, with the possibility of adding an intermediate evaluation by a
trainer/operator to check for any discrepancy among subjects. Remote online support could facilitate
home practice, allowing for a higher frequency and higher effectiveness with sustainable costs,
especially during the current pandemic scenario. Indeed, it is recognized that, to induce stable
modifications and to incorporate good praxis in daily life, low cost and easily reproducible physical
activities are more effective. Moreover, a control group would be helpful to better understand the
effects of different interventions.

Gauchard et al. also proposed that, with aging, physical exercise affects ocular mobility which
could be useful to limit the risk of falls [37]; it would therefore be of interest to analyze the impact of
oculomotor training on the visual system in order to prevent and reduce falls in the older population,
and also to minimize the risk of non-contact injuries in athletes as previously reported [38]. In addition,
it should be investigated if a multilateral approach to physical and sport activities that lead to enhanced
motor competences [39], correspond to a facilitation of the oculomotor afference capacity.

Thus, training based on eye exercises could positively impact postural control and stability either in
active adults and in athletes, allowing a reduced risk for falls/injuries with relatively easy tasks to perform;
it should be further verified if the presence of an instructor is necessary and also advisable for athletes.
Moreover, oculo-motor training as a self-administered and home-based technique, could represent valid
support to enjoy the domestic context and its relative time in order to acquire a healthier lifestyle with no
costs for individual nor for the collectivity.

In conclusion, the present study, even if not controlled, adds a contribution to the previous
literature and suggests that specific oculomotor training can improve, especially in acute, postural
control in healthy active adults. Although home-based training could be less effective if not supervised
and followed by an operator, in our study, it led to a general tendency in improving postural control
anyway. Home-based training, indeed, can represent an effective strategy to facilitate the acquisition
of healthy and sustainable lifestyles that positively reflect on the individual’s well-being.

As vision is one of the main components of posture, and visual training potentially facilitates
performance in a range of fast-paced sports, oculomotor training could allow for a better postural
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control that would potentially lead to enhanced health-related quality of life in the adult population
with long-lasting active lifestyle.
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