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Abstracts

Background and Study Aim. Balance and coordination are based on the integration of signals from
different systems, including proprioceptive, vestibular, and visual systems. Oculomotor function plays
an important role in spatial orientation and maintaining postural stability. Previous research has shown
the positive effects of oculomotor exercises in certain populations. However, their short-term effects on
healthy young adults remain underexplored. The aim of the study was therefore to investigate the short-
term effects of oculomotor exercises on balance and coordination in healthy young adults.

Material and Methods. Thirty healthy physiotherapy students (aged 19-25) from the Faculty of Health
Studies, University of Rijeka, Croatia, took part in the study. Exclusion criteria included any condition that
impaired balance or coordination. Participants performed eye muscle exercises twice a day for seven days,
focusing on activation of the vestibulo-ocular reflex and lateral eye movements. Balance was assessed
using the “Posturomed 202" device during a one-legged stance test, and coordination was measured using
the Wall Toss Test. The results before and after the intervention were compared using the Student’s t-test.

Results. After the intervention, the participants showed significant improvements in the areas of bal-
ance (increase in mean score from 64.37 to 70.03, p=0.001) and coordination (increase in repetitions of the
wall toss from 17.90 to 22.40, p=0.001). Both left and right leg balance improved significantly. Our results
are consistent with those of other studies, which also found a positive effect of oculomotor exercises on
postural stability and balance in young people, as well as a reduction in the frequency of falls and risk of
falls in older people after stroke, and improved function in children with traumatic brain injury. Despite
the relatively small sample size and short duration of the intervention, the data obtained demonstrate the
feasibility of integrating such exercises into training, rehabilitation, and prevention programs for different
age groups.

Conclusions. Short-term eye muscle exercises improve balance and coordination in healthy young
adults. These simple exercises can serve as effective preventive and rehabilitative strategies. Further stud-
ies with larger samples and longer follow-up are needed.

Key words: balance, coordination, eye muscle exercises, proprioception.

IlepexymoBu Ta MeTa JocixkeHHs1. PiBHOBAra Ta KOOp/MHaLlis IPYHTYIOTbCA Ha HTerpauii CUrHaJIiB
Bl PI3HMX CHCTEM, 30KpeMa MPONpIOLEHTHBHOI, BECTHOYIAPHOI Ta 30poBoi. OKyl10MOTOpHA (yHKIis
Bijlirpae BaXJIMBY POJIb Y MPOCTOPOBIH OpieHTALlT Ta MATPUMAHHI HOCTYpanbHOI cTiiikocti. TlomepenHi
JOCTIDKeHHs 3aCBIMUYMIN MO3UTHUBHUNA BIUIMB OKYJIOMOTOPDHHX BIpaB Yy IMEBHUX IpyNax HACENEHHS.
OnHak iX KOPOTKOTPUBAIMH €PEKT Y MOJIOAMX 3J0POBUX 0CI0 HE JOCUTh BUBUCHUH. ToMy MeTOI0 LbO-
ro J0ciKeH st Oy10 BU3HAUCHHS KOPOTKOCTPOKOBOIO BIUIMBY BIIPAB [ MA31B OuCii Ha PiBHOBArY Ta
KOOPIMHALIIX0 Y MOIIOIX 310POBUX JIHOZICH.

Marepian i meroxn. V jocmikeHti Opanu yqacts 30 370pOBUX CTYIACHTIB-I3HYHHX TEPAIICBTIB
(BikoM 19-25 pokiB) (akynpreTy MEAMYHUX JOCTLKeHb Pienbkoro yHiBepcutety (Xopsaris). Kputepismu
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BUKJIIOUSHHS OyIu 6yzu> -SIK1 YMOBH, IO [OPYIIYIOTH plBHOBaFy a00 KoopAnHALII0. YYaCHUKU BHKOHYBAJIH
BIPaBH I OYHUX M’S31B JIBiUl Ha JIEHb BIIPOJOBK CEMU JIHIB, 30CePE/LKYIOUHCH Ha aKTuBallii BecTuoy-
JI0-OKYISIPHOTO peQ)neKcy Ta JIATePabHHUX PyXax oueil. PiBHOBary OLIIHIOBaJ'II/I 3a JIOTIOMOTOO TIPUCTPOIO
«Posturomed 202y mig 9ac TecTy CTIHKHM Ha OfIHIM HO31, a KOOpIUHAILIiI0 — 3a gonoMororo Tecty Wall Toss.
Pesynbraru 10 1 micis 1HTepBeHu11 HOplBHIOBaJ'II/I 3a 10noMoroto t-recty CTbIOfIEHTA.

Pesym,TaTH IMics mpoBenexHoi lHTepBeHlIll YYaCHUKH NPOAEMOHCTPYBAIH CYTTEBE MOKPALIEHHSI
KOOpILI/IHaI_Ill pyXiB, IO CTalI0 HaCJ'III[KOM BUKOHAHHS BIPaB, CIIPSIMOBAHUX HA aKTHBAIII0 OKYIOMOTOP-
HUX M’5131B. CepeiHst KUIBKICTb YCIIIHNX OBTOPEHD y TECTi Ha KOOPAMHALL0 3pocia 3 17,90 no 22,40,
1o BiloOpakae iCTOTHE MiABUILIEHHS IIBUIKICHO-KOOPAWHALITHUX MOKIUBOCTEH. CTaTI/ICTI/I‘lHI/II/I aHaii3
MiITBEPIVB 3Haqyunch L(bOT'0 MOKPALICHHS (p=0,001), mo Bka3ye Ha peaJ'IBHI/II/I (GyHKIIOHATEHUI e(beKT

[To3uTHBHI 3MIHH TaKOX CHOCTEpiramucs y MOKa3HHUKax CTaTHYHOI plBHOBaFI/I 3aranpHuil OanaHc 3p1c
3 64,37 mo 70,03 (p=0,001). IToxpaimieHHs: piBHOBAru MiATBEPHKEHO SK IS JTIBOI, TaK 1 JUIs MPaBOi HIT:
MMOKa3HUKHU niBo'l' HOTru 3pociu 10 69,17, a mpaBoi — 10 71,07 cTOCOBHO BUXiTHUX 3HAYEHb.

OTpHMaHi HAMU PE3yNbTaTH Y3TOMKYIOTHCS 3 JAaHUMH IHIIUX z[ocni):pl(eﬂb y SKUX TaKOX BHSBICHO
MO3UTUBHHIA BILTUB OKYJIOMOTOPHHX BIIPAB Ha [I0CTYPaJIbHy cTa0lIBHICTE Ta plBHOBaFy B MOJIOJHX JIFOIEH,
a TaKO)K HA 3MEHIIEHHS YaCTOTU MaJiHb 1 PU3HUKY MaiHHS Y JITHIX JTrOAEH Micis IHCYIbTY Ta Ha MOKpa-
HmeHHs QyHKIIH y I[ITCI/I 13 HaCJ'IIILKaMI/I YEPEITHO-MO3KOBHX TPaBM. Honpn BII[HOCHO HEBEITHKY BUOIPKY
Ta KOPOTKY TpI/IBaJ'IICTL 1HTepBEHIIi1, OTpHMaHi JaHi JICMOHCTPYIOTb ,[[OLIIJ'IBHICTB 1HTerparlii Takux BIIpaB
y TpeHyBaJbHi, peabiiiTaliiiHi Ta mpodiTakTHYHI MpOrpaMu Jis p13an BIKOBHX TpYIIL.

Bucnosku. KOpOTKOTpI/IBaJ'Il BIIPaBHU [l OYHUX M SI31B HOKpaH_IYIOTLplBHOBaFyTaKOOPI[I/IHaHIIOyMOJ'IO—
ux 3p0poBux oci6. Lli npocn BIIPABH MOXYTb OyTH eeKTHBHUM HpO(I)lJ'IaKTI/I‘{HI/IM 1 pea61n1Tau1HHHM
3acoboM. [ToTpiOHI moganmbi JOCHIIKEHHS 3 OLIBIIMME BUOIPKaMH Ta TPUBATIIINM TEPIOJIOM CIIOCTEpe-

KCHHA.

Kurouosi ciioBa: piBHOBara, KOOpIuHaIlis, BIPaBU Ui M SI31B Y€, MPOTMPiOLIEIIis.

Introduction. Maintaining balance and
coordinated movements results from a complex
interaction among various sensory systems,
including the proprioceptive, vestibular, and
visual systems. Proprioception, often referred
to as the “sixth sense”, is the body’s ability to
sense its position and movement in space, which
is essential for everyday activities and athletic
performance [14].

The visual system, particularly oculomotor
function, plays a significant role in maintaining
postural stability. Oculomotor functions — such
as eye movements and gaze stability — enable
precise spatial orientation and integration of
sensory information necessary for balance
control [12; 13]. Recent research has shown
that exercises targeting oculomotor function
and gaze stability can improve postural stability
and dynamic visual acuity in healthy adults, as
demonstrated in a study by Wu and colleagues
[19]. Additionally, Matsuura et al. showed that
a combination of oculomotor and coordination
exercises can immediately enhance balance
stability in athletes [11]. Dunsky, in a review
article, drew attention to and highlighted the
positive impact of balance and coordination
exercises on the quality of life in older adults
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[4]. Kang and colleagues further focused
their research on the beneficial effects of eye
movement training on gait function in patients
who have experienced a stroke [6]. It has been
proven that these exercises strengthen the eye
muscles, improve oculomotor control, and
activate brain regions responsible for balance. It
is unequivocal that the cerebellum plays a crucial
role in planning and correcting movement, and
is involved in defining motor coordination,
balance, and postural control [7]. When this is
combined with the function of the parietal lobe,
which, through visuomotor integration of vision
and space, defines the body's position in space, it
becomes clear how significant the impact of eye
movement training can be [1]. While previous
research has explored these effects in specific
populations, there remains a gap in understanding
their application among healthy young adults.
This is particularly important when it comes
to the unknowns regarding the short-term
effects of exercise. This is especially important
given today’s very dynamic pace of life and
high individual expectations. Good short-term
effects with potential long-term significance can
significantly increase motivation to maintain
the continuity of training. Since young people



Vol. 19 No. 4 (2025)

are generally healthy, the potential preventive
benefits of these exercises are often overlooked.
However, it can be expected that such exercises
may lead to long-term improvements in
attention, concentration, and spatial orientation
[8]. Better postural stability and balance can
reduce the risk of falls or sports-related injuries,
which is particularly important in today’s era of
increasingly promoted active lifestyles, while
also laying the foundation for long-term fall
prevention in older age [15]. Improvements in
motor skills and coordination can contribute
to better performance in recreational sports
activities, as well as in the daily life of young
individuals, including improved academic
performance among students, who are now facing
growing expectations from society, family, and
even themselves [16].

While previous studies have primarily
examined oculomotor training in clinical
populations or through long-term interventions,
this study introduces a short-term experimental
approach in healthy young adults — individuals
without existing motor deficits. This provides new
insights into the early neuromotor adaptations
that underlie balance and coordination, making a
novel contribution to existing research.

Furthermore, the use of objective
posturographic assessment (Posturomed 202)
enhances the precision of postural stability
measurements, constituting an additional
methodological advancement in the field.

Therefore, this study aimed to investigate
the effects of eye muscle exercises on balance
and coordination in healthy young individuals,
with the hypothesis that participants engaging
in oculomotor exercises would show significant
improvements in balance and coordination tests
compared to baseline measurements.

Materials and methods. The study
included undergraduate professional students of
Physiotherapy at the Faculty of Health Studies,
University of Rijeka, Croatia. A total of 30
participants of both sexes, aged between 18 and
25, willing and able to provide informed consent,
were examined. Exclusion criteria for the study
included self-reported diseases or conditions that
cause balance and coordination disorders, any

acute illness or injury at the time of the study
that may interfere with testing. Participants
currently involved in any other research were
also excluded.

Methods

The participants were measured individually.
Data on gender, height, weight, and year of birth
were collected before the test.

The Alternate Hand Wall Toss Test was used
to assess coordination. Participants throw a
ball against a wall with one hand in a forearm
movement and try to catch it with the other hand
from a distance of 2 meters. The ball is then
thrown back against the wall and caught with
the original hand. The test lasts 30 seconds, after
which the number of successful repetitions is
recorded [18].

The Postural Cybernetic Test with the
Posturomed 202 device (Haider Bioswing,
Germany) was used to assess balance. The
participants stood barefoot on the balance test
platform. The arms were placed next to the body,
and they stood on one leg with the raised leg bent
at the hip and knee and the inner ankle at knee
level. Participants maintained this posture for
10 seconds in a stable position with their head
facing forward. This procedure was repeated ten
times for each leg [2].

The Microswing software tracked the
movement of the left and right leg along the x and
y axes, processed the data on the displacements
and the effectiveness of maintaining static
balance, and the final measurement was
expressed in millimeters.

Exercises for the extraocular muscles
included exercises to activate the vestibulo-
ocular reflex, lateral eye movements, and an
exercise called “eye push-ups”. These exercises
were performed continuously twice a day for 7
days. The exercises were performed with 10-15
repetitions, depending on how much fatigue the
participants’ eye muscles experienced.

The tests were repeated after 7 days. This short-
term intervention design enables the assessment
of rapid adaptive changes in oculomotor-related
balance control, providing preliminary insights
into early-phase neuromotor responses that
have not previously been quantified in healthy
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populations. These findings lay the groundwork for
future, more detailed and extensive investigations.

Statistical analysis

The results obtained from the research were
processed using the statistical data analysis
software Statistica 14.0.0.15 (TIBCO Software
Inc.). The variables balance and coordination
were described using the arithmetic mean,
standard deviation, and range, and their statistical
significance was tested (p < 0.05). The collected
data on participants’ age, height, and weight
were descriptively analyzed by calculating
the arithmetic mean as a measure of central
tendency and standard deviation as a measure
of variability. For statistical analysis, Student’s
t-test for small dependent samples was used,
while the Kolmogorov-Smirnov test was applied
to check the normality of data distribution.

Ethical considerations

The Ethics Committee for Biomedical
Research of the Faculty of Health Studies of the
University of Rijeka, Croatia, approved the study
on 12 April 2024 (approval number 600-05/24-
01/222). The study was conducted following
the principles of the Declaration of Helsinki.
All participants were informed about the study
procedure. Participants signed a consent form
to confirm their participation in the study. The
anonymity of the participants was strictly
guaranteed by encrypting their data when they
were entered into the database.

Research results. The study included a total
of 30 participants, comprising 11 men (36.7%)
and 19 women (63.3%), all aged between 19 and
25 years, with an average age of 19.77 years.
Their basic anthropometric characteristics are
shown in Table 1.

Table 1
Anthropological characteristics
of the participants

Standard

Range Mean deviation
Age (years) 19-25 19.77 1.30
Height (cm) | 160-198 175 10.80
Weight (kg) 49-102 70.03 12.37

The coordination of movements after the
eye muscle exercises (mean = 22.40 successful
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repetitions, SD = 6.24) was significantly better
compared to the results obtained before the
eye muscle exercises were applied (mean =
17.90 successful repetitions, SD = 5.62). A
statistically significant difference was found in
the participants’ movement coordination before
and after the eye muscle exercises (t = 5.49, df
=29, p = 0.001), and the results are shown in
Table 2.

Table 2
Coordination before and after performing
eye muscle exercises

Mean | SD | Median

IQR| p

Coordination
before exercises
(successful
repetitions)
Coordination
after exercises
(successful
repetitions)

Notes: IQR - interquartile range, SD — standard

deviation, p — p value; p<0.05 — statistically significant
difference

17.90 | 5.62 18 4-29

0.001

2240 | 6.24 | 23.50 |8-32

The overall balance of the participants was
better after the eye muscle exercises (mean =
70.03, SD = 12.05) than before the eye muscle
exercises (mean = 64.37, SD = 13.83). This
difference is statistically significant (p = 0.001)
and is shown in Table 3.

Table 3
Overall balance before and after performing
eye muscle exercises

Mean | SD |Median | IQR p
Overall balance
before exercises | 64.37 | 13.83 69 |[29-84
(mm)
Overall balance 0.001
after exercises | 70.03 | 12.05| 72.50 |33-86
(mm)

Notes: IQR — interquartile range, SD — standard
deviation, p — p value; p<0.05 — statistically significant
difference

A separate analysis was also carried out for
the left and right legs. A significant improvement
in the balance of the left leg was found (post-
training mean = 69.17, SD = 12.97; pre-training
mean = 64.37, SD = 14.25), as well as for the
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right leg (post-training mean = 71.07, SD =
11.92; pre-training mean = 64.47, SD = 15.56).
The results are shown in Tables 4 and 5.

Table 4
Balance of the left leg before and after
performing eye muscle exercises

Mean SD |Median| IQR
Balance left leg
before exercises | 64.37 | 14.25 69 31-85
(mm)
Balance left leg
after exercises 69.17 | 12.97 72 34-87
(mm)

Notes: IQR — interquartile range, SD — standard
deviation

Table 5
Balance of the right leg before and after
performing eye muscle exercises

Mean SD |Median| IQR
Balance right leg
before exercises | 64.47 | 15.56 66 22-84
(mm)
Balance right leg
after exercises 71.07 | 11.92 74 31-85
(mm)

Notes: IQR — interquartile range, SD — standard
deviation

Discussion. This study extends existing
knowledge by showing that even a short, seven-
day program of oculomotor exercises can
produce measurable improvements in balance
and coordination in healthy young adults. This
finding provides new evidence of the plasticity of
the sensorimotor system, suggesting that targeted
visual-motor activation can induce rapid neural
adaptations even in individuals without motor
deficits. Morimoto and colleagues conducted
a study in 2011 on the effects of eye muscle
exercises on postural stability and dynamic visual
acuity in healthy young adults. Their results are
consistent with the results of our study, as the
oculomotor exercises led to an improvement
in postural stability [12]. A randomized trial
conducted in 2021 by Correia and colleagues
aimed to investigate the effects of oculomotor
exercises and gaze stability on the frequency
of falls and the risk of falling in people after a
stroke. This study showed the positive effect of

these exercises in an elderly population affected
by stroke [3]. Although the target population is
different, these results suggest that eye muscle
exercises can be used for long-term prevention of
falls, which is certainly one of the most common
health problems in older people. Sorek et al.
focused their study on a younger population —
children and adolescents — similar in age to our
study, but they chose a population affected by
moderate traumatic brain injury. They confirmed
the effectiveness of oculomotor exercises and
defined a treatment protocol for vestibular, i.e.,
oculomotor, rehabilitation [17]. Zampieri and
Di Fabio investigated the effects of balance and
oculomotor exercises on the improvement of gait
in people with progressive supranuclear palsy
and concluded that these exercises can contribute
to a more successful rehabilitation [20].

In our study, a significant positive effect of
oculomotor exercises on coordination was found.
Hollands and colleagues hypothesized that
movement of the eyes and head may influence
whole-body movement coordination, based on
the assumption that eye movements and eye
muscle activation are important for whole-body
coordination. Their results confirmed a significant
contribution to eye—foot coordination, albeit in a
small sample of only five participants [5].

The improvements observed in this study may
result from more efficient vestibulo-ocular reflex
function, which stabilizes gaze and supports
postural orientation, and better integration of
visual and motor information across cortical
and cerebellar networks. Through repeated eye
movements, the cerebellum likely undergoes
subtle recalibration of sensorimotor pathways,
improving coordination between sensory input
and motor output and thereby refining balance
control. Neuroimaging findings from previous
research support this view. They show that
oculomotor activity influences brain regions
essential for postural regulation, particularly the
cerebellum, parietal cortex, and supplementary
motor area, as demonstrated by Li et al. and
Matsugi et al. [9; 10]. These results align with the
idea that even brief eye movement training can
trigger short-term neural adaptations within these
systems. Compared with earlier investigations in
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post-stroke or older adults, our data reveal similar
trends of improvement in a healthy population.
This suggests that the underlying processes are
not merely compensatory responses to deficit
but reflect the brain’s broader capacity for rapid
neuromotor adjustment. Taken together, these
findings extend the role of oculomotor training
beyond rehabilitation contexts and highlight its
potential as a practical approach for enhancing
performance and reducing injury risk among
healthy individuals. Comparing a significant
positive effect of eye muscle exercises on both
balance and coordination in ours study with the
relatively limited existing research, which is
characterised by different methods and target
groups, it can be concluded that eye muscle
exercises can be used in people with various
neurological conditions such as stroke and
progressive neurological diseases to improve
recovery and the success of rehabilitation
interventions, especially concerning gait.
In addition, these exercises have a positive
influence on balance, peripheral vision, and
coordination, and thus on athletic performance
and the improvement of stability and dynamic
visual acuity in various dynamic sports. These
facts are particularly important when it comes to
promoting an active, healthy, and highly dynamic
life. As the positive effects were observed after
only one week, they could further motivate the
young, healthy population to perform these
exercises regularly. Considering the positive
preventive effect of these exercises on the elderly
population and their ease of use, eye muscle
exercises could certainly become part of public
health prevention initiatives for both young and
elderly people, with potentially significant health
and economic benefits.

Limitations of the study

Several limitations should be considered
when interpreting the results of this study. The
study included a small group of healthy young
adults. All subjects came from a single institution,
so it is impossible to generalize the results
and project them to a wider population. The
intervention period and evaluation of the effects
of the intervention were very short, which makes
it impossible to conclude potential long-term
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effects. Finally, there was no control group and no
randomization of subjects in the study. However,
this study aimed to collect only preliminary
knowledge about how healthy individuals respond
to short-term oculomotor training, which is still
an unknown area. Therefore, results indicating
possible positive effects in improving performance
and consequently preventing injuries define the
foundations for future, more extensive research.

Conclusions. In conclusion, our study suggests
that even a short period of oculomotor exercises
can improve balance and coordination in healthy
young adults. The findings highlight the close
interaction between visual and proprioceptive
systems and show that the brain can adapt quickly,
even after minimal training. From a practical
perspective,  incorporating eye movement
exercises into sports routines, physiotherapy,
or preventive programs could help enhance
postural control, reduce injury risk, and support
overall motor performance. While these results
are encouraging, it is important to remember
that this was a small pilot study. Future research
with larger and more diverse populations, longer
follow-up periods, and randomized controlled
designs will be essential to confirm these effects
and understand their long-term significance.
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