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Abstract: Vision and eye movements play a crucial role in maintaining postural stability. This
study investigated the relationship between eye movements and postural control in healthy adults
using mobile eye-tracking technology and posturography. Forty healthy participants underwent
assessments of eye movements using a mobile eye-tracking system and postural stability using Tetrax
posturography under various sensory conditions. Pearson correlation coefficients were computed to
examine associations between eye movement parameters and postural control indices. Significant
correlations were found between eye movement parameters and postural stability indices. Faster and
more consistent horizontal eye movements were associated with better postural stability (r = −0.63,
p < 0.05). Eye movement speed variability positively correlated with weight distribution indices
under normal eyes open (r = 0.65, p < 0.05) and closed (r = 0.59, p < 0.05) conditions. Coordination of
horizontal and vertical eye movements positively correlated with postural control (r = 0.69, p < 0.01).
Negative correlations were observed between eye movement coordination and Fourier indices in
various frequency bands (p < 0.05) and the stability index under different head positions (p < 0.05).
The findings provide insights into sensory integration mechanisms underlying balance maintenance
and highlight the importance of integrated sensory processing in postural stability. Eye movement
assessments have potential applications in balance evaluation and fall risk prediction.

Keywords: mobile eye-tracking; posturography; sensory integration

1. Introduction

Vision and eye movements play a pivotal role in the perception of and interaction
with the external environment, enabling crucial tasks such as recognition, localization,
and proprioception [1,2]. These functions are essential for perceiving the world around
us and maintaining an upright posture and balance [3]. Vision facilitates the detection of
self-motion relative to the environment, which is critical for postural stabilization [4,5].

Traditionally, postural stabilization has been linked to changes in the retinal image [6].
The central nervous system utilizes motion-induced optic flow patterns on the retina
to estimate body position and make appropriate postural adjustments [7,8]. Previous
studies have demonstrated that body sway is linked to stimulus motion, indicating the
central nervous system’s ability to interpret external motion as self-motion and adjust body
orientation accordingly [9].

Eye movements, including smooth pursuit and saccadic movements, have been shown
to have a significant influence on postural control [10,11], suggesting a complex relationship
between gaze behavior and postural modulation [12]. Advancements in mobile eye-
tracking technology have revolutionized this field, providing a practical and accessible
means to measure and analyze eye movements in everyday settings.
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Recent studies utilizing mobile eye-tracking systems have provided valuable insights
into the relationship between eye movements and postural control. For instance, re-
searchers have investigated gaze behavior during natural locomotion [13], explored visual
exploration strategies in complex environments [14], examined gaze behavior changes
in response to different walking speeds [15], and combined eye-tracking with postur-
ography to study visual search strategies and postural sway [16]. These studies have
consistently demonstrated links between eye movement patterns, visual strategies, and
postural stability, highlighting the potential for eye movement assessment and training in
balance-related applications.

The current study aimed to investigate the relationship between eye movements
and postural stability in healthy adults using mobile eye-tracking technology and pos-
turography. By employing mobile devices, we sought to provide a more comprehensive
understanding of the integration of vision and posture in daily activities. The findings of
this research have important implications for clinical practice and further scientific inquiries
in the fields of vision and motor control.

2. Materials and Methods
2.1. Subjects

This study included 40 healthy young adults (age range: 18–35 years) who were
recruited through advertisements at a university campus. The sample size was determined
based on a power analysis using G*Power software (version 3.1.9.7). Given the exploratory
nature of our study investigating the relationship between eye movements and postural
stability using mobile eye-tracking and posturography, we aimed to detect medium effect
sizes. Using parameters for a correlation analysis (two-tailed test, α error probability of
0.05, power (1−β error probability) of 0.8, and a medium effect size of r = 0.4), the analysis
yielded a minimum sample size of 37 participants. We increased our sample to 40 to account
for potential dropouts and to improve the reliability of our findings. The inclusion criteria
were no history of musculoskeletal, neurological, or psychiatric disorders, and normal
or corrected-to-normal vision. Participants with vestibular disorders, uncorrected visual
impairments, or any condition that could affect balance or eye movements were excluded.
All participants provided written informed consent before participating in this study, which
was approved by the Institutional Review Board of Dankook University (DKU 2021-03-069)
and conducted in accordance with the Declaration of Helsinki.

2.2. Measurements
2.2.1. Eye-Tracker

A portable eye-tracking system (EyeTracker, version 1.9.4, BVG Software Group LLC,
South San Francisco, CA, USA) was used to continuously track binocular eye movements
at a sampling rate of 20 Hz (Figure 1). The device consisted of a mobile tablet with a
built-in camera and infrared sensors to detect eye positions. The tablet was mounted on
a tripod, and participants were instructed to keep their head as still as possible during
the tests. Participants were asked to stand during the eye-tracking assessment to mimic
natural viewing conditions and maintain consistency with the subsequent posturography
assessment. To ensure minimal head movement, participants were explicitly instructed
to maintain a stable head position throughout the eye-tracking assessment. While no
additional physical restraints were used, the importance of head stability was emphasized
to the participants before and during the tests.

The eye-tracking task involved tracking a red circular marker (0.3 cm diameter) dis-
played on the tablet screen. The marker moved horizontally or vertically at a constant
speed of 10 degrees per second for 15 s in each direction. Participants completed three trials
for each direction (horizontal and vertical), with a 10 s rest between trials. A dark screen
was displayed for 10 s before each trial to allow for eye adjustment.
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Figure 1. EyeTracker mobile eye-tracking device and task.

Raw eye-tracking data were processed using the EyeTracker software’s network re-
finement feature, which automatically filtered out low-quality frames affected by blinks,
incorrect initial frames, or unrecognized pupils. The 50 most accurate consecutive frames
(2.5 s) from each trial were selected for analysis. The following parameters were calculated
for both eyes in horizontal (HOR) and vertical (VER) conditions:

• Average speed (degrees/second): HorSpeed, VerSpeed;
• Coefficient of variation (%): HorCV, VerCV;
• Pearson correlation coefficients between left and right eye speeds:

– HOR condition: HorCorr, HorVerCorr;
– VER condition: VerHorCorr, VerCorr.

2.2.2. Tetrax Posturography

Postural stability was assessed using the Tetrax posturography system (Sunlight Medical
Ltd., Ramat Gan, Israel), which consists of four rectangular force plates (A, B, C, D) arranged
in a diamond configuration (Figure 2). The anterior plates (B and D) measure 12 cm × 19 cm,
while the posterior plates (A and C) are 12 cm × 12 cm. Pressure sensors beneath each
plate detect weight distribution and postural sway, with the data transmitted to a computer
for analysis using Tetrax software.

Figure 2. Tetra-ataxiometric posturography system setup.
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Participants stood barefoot on the force plates with their arms at their sides and eyes
facing forward. They were instructed to minimize movement during the tests. Eight 32 s
test conditions were performed in a randomized order:

• Normal eyes open (NO): This condition serves as a baseline, representing typical
everyday standing posture with full sensory input.

• Normal eyes closed (NC): By removing visual input, this condition assesses the re-
liance on vestibular and proprioceptive systems for balance maintenance, simulating
situations like standing in a dark room.

• Head right (HR) and head left (HL): These conditions, with eyes closed and head
turned at least 45◦ to the right or left, evaluate vestibular function and the ability to
maintain balance with altered head orientation, mimicking everyday activities like
looking sideways while standing.

• Head back (HB): With eyes closed and head tilted backward at least 30◦, this condition
assesses balance control during cervical extension, which is relevant for activities like
looking up at high shelves or ceiling work.

• Head forward (HF): Eyes closed with head bent forward at least 30◦, this condition
evaluates balance during cervical flexion, simulating tasks such as reading or looking
at a smartphone while standing.

• Pillow with eyes open (PO) and pillow with eyes closed (PC): These conditions,
performed on a foam pillow, challenge proprioceptive input by creating an unstable
surface. They assess the integration of visual (PO) or vestibular (PC) information
with altered somatosensory input, simulating standing on uneven or soft surfaces like
carpet or sand.

These diverse conditions were chosen to comprehensively assess postural control
under various sensory challenges that reflect real-world situations. They allow for the
evaluation of how individuals integrate and prioritize different sensory inputs (visual,
vestibular, and proprioceptive) to maintain balance, providing insights into potential
deficits or compensatory strategies in postural control.

The Tetrax software calculated several parameters:

• Stability index (ST): a measure of overall postural stability, with higher values indi-
cating greater instability. This index is clinically relevant for assessing fall risk and
overall balance performance.

• Fourier indices (F1–F8): a regression analysis of postural sway intensity at different fre-
quency bands, with each band associated with specific sensory or neurological functions:

• F1 (<0.1 Hz): visual–vestibular regulation;
• F2–F4 (0.1–0.5 Hz): vestibular disorders;
• F5–F6 (0.5–1 Hz): somatosensory disorders in the lower limbs and spine;
• F7–F8 (>1 Hz): central nervous system disorders. These indices provide detailed

information about the underlying mechanisms of postural control and can help identify
specific areas of dysfunction.

• Weight Distribution Index (WDI): the percentage of body weight on each force plate,
with deviations from 25% per plate indicating postural asymmetry. This index is
particularly relevant for assessing balance in individuals with unilateral impairments
or injuries.

• Synchronization Index (SI): the similarity of postural sway patterns between pairs
of force plates, with positive values indicating in-phase synchronization and nega-
tive values indicating anti-phase synchronization. This index provides insights into
the coordination of postural adjustments and can be useful in identifying subtle
balance disorders.

By analyzing these parameters across the various test conditions, we can gain a
comprehensive understanding of an individual’s postural control strategies and potential
areas of deficit, which can inform both clinical assessment and rehabilitation strategies.
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2.2.3. Experimental Procedure

This study was conducted in a controlled laboratory environment with minimal visual
and auditory distractions. Upon arrival, participants were informed about the study’s
purpose and procedures, and written informed consent was obtained. Participants then
completed a demographic questionnaire.

The experimental session commenced with the eye-tracking assessment. The mo-
bile eye-tracking device was calibrated for each participant using a 9-point calibration
procedure. Participants were instructed to maintain a stable head position and track a
circular marker with their eyes as it moved horizontally or vertically on the screen. The
marker moved at a constant velocity for 15 s in each direction, with a 5 s static display
between directions. Participants completed three trials for each direction (horizontal and
vertical), with a 30 s inter-trial interval. A 1 min break was provided upon completion of
the eye-tracking assessment.

Subsequently, participants proceeded to the posturography assessment. They were
instructed to remove their footwear and stand barefoot on the Tetrax force plates, with
their feet positioned according to the manufacturer’s guidelines. The force plates were
calibrated for each participant’s body weight. Participants were instructed to maintain an
upright stance with their arms at their sides and their gaze directed forward. They were
also instructed to refrain from talking or making extraneous movements during the testing.

The eight posturography test conditions were administered in a randomized order,
with each condition lasting for 32 s. The conditions involved varying combinations of
visual input (eyes open or closed), head orientation (forward, right, left, back, or bent
forward), and surface type (firm or foam). For the eyes closed conditions, participants were
instructed to close their eyes gently without excessive squeezing. For the head orientation
conditions, participants were instructed to maintain the specified head position throughout
the trial. In the foam surface conditions, participants stood on a high-density foam pillow
(dimensions: 12 cm × 31 cm × 5 cm, covering the entire surface area of the force plates
and elevating the feet 10 cm from the ground) placed atop the force plates. The anterior
force plates (B and D) measured 12 cm × 19 cm, while the posterior force plates (A and C)
measured 12 cm × 12 cm, resulting in a total length of 31 cm for the combined force plate
surface. A 30 s rest period was provided between each condition, during which participants
could open their eyes and relax their posture.

The total duration of the experimental session, including both eye-tracking and pos-
turography assessments, was approximately 30 min. Participants were encouraged to
take additional rest breaks as needed to minimize fatigue. The order of the eye-tracking
and posturography assessments was counterbalanced across participants to control for
potential order effects. Upon completion of both assessments, participants were debriefed
about the study and provided with an opportunity to ask questions. They were thanked
for their participation and provided with contact information for the research team for any
follow-up concerns or inquiries.

2.2.4. Statistical Analysis

Data were analyzed using SPSS software (version 26.0, IBM Corp., Armonk, NY, USA).
Descriptive statistics (mean ± standard deviation) were calculated for all variables. Pearson
correlation coefficients were used to examine the relationships between eye-tracking param-
eters and posturography indices, with p-values < 0.05 considered statistically significant.
Scatter plots were generated to visualize the correlations between key variables.

3. Results
3.1. Participant Characteristics

This study included 40 healthy participants (18 males, 22 females) with a mean age of
26.95 ± 4.23 years, a mean height of 169.20 ± 6.31 cm, and a mean weight of 64.20 ± 8.44 kg.
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3.2. Correlations between Eye Movement Parameters and Postural Stability Indices

Pearson correlation analysis revealed significant associations between various eye
movement parameters and postural stability indices (Table 1, Figure 3). HorSpeed showed
a moderate negative correlation with HorCV (r = −0.63, p < 0.05). HorCorr exhibited a
strong positive correlation with VerHorCorr (r = 0.69, p < 0.01).

Table 1. Correlations between eye movement parameters and postural stability indices.

Variables HorSpeed HorCV HorCorr VerCorr

HorCV −0.63 * - - -
VerHorCorr - - 0.69 ** -

WDI (NO) - 0.65 * - -
WDI (NC) - 0.59 * - -

F2–F4 (HR) - - −0.56 * -
F2–F4 (HL) - - −0.68 * -

F1, F2–F4, F5–F6, ST (HB, HF) - - * -
F7–F8 ST (PC) - - - *

F1, F2–F4, F5–F6, F7–F8, ST
(NO, PC, HL, HB, HF) - - - **

HorSpeed: horizontal eye movement speed; HorCV: coefficient of variation for horizontal eye movements;
HorCorr: correlation between left and right eye horizontal movements; VerCorr: correlation between left and
right eye vertical movements; VerHorCorr: correlation between horizontal and vertical eye movements; WDI:
Weight Distribution Index; F1–F8: Fourier indices; ST: stability index; NO: normal eyes open; NC: normal eyes
closed; HR: head right; HL: head left; HB: head back; HF: head forward; PC: pillow with eyes closed. * p < 0.05,
** p < 0.01.

Figure 3. Correlation Heatmaps of Eye Movement Parameters and Postural Stability Indice. Heatmaps
illustrating correlations between eye movement parameters (average speed, coefficient of variation
[CV], and left–right correlations for horizontal [HOR] and vertical [VER] directions) and postural
stability indices (Fourier indices [F1, F2–F4, F5–F6, F7–F8], Weight Distribution Index [WDI], and
stability index [ST]) under four conditions: (A) normal eyes closed (NC), (B) normal eyes open (NO),
(C) pillow with eyes closed (PC), and (D) pillow with eyes open (PO). Color scale ranges from −0.6
(blue, negative correlation) to 1.0 (red, positive correlation). Intensity of color indicates strength
of correlation.
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HorCorr was negatively correlated with several postural stability indices, including
F2–F4 under the HR (r = −0.56, p < 0.05) and HL (r = −0.68, p < 0.05) conditions, as well as
F1, F2–F4, F5–F6, and ST under the HB and HF conditions (p < 0.05) (Figure 4).

Figure 4. Correlation Heatmaps of Eye Movement Parameters and Postural Stability Indices Under
Various Head Positions. Heatmaps illustrating correlations between eye movement parameters and
postural stability indices (as defined in Figure 1) under four head position conditions: (A) head back
(HB), (B) head forward (HF), (C) head left (HL), and (D) head right (HR). Color scale ranges from –0.6
(blue, negative correlation) to 1.0 (red, positive correlation), with color intensity indicating correlation
strength. These heatmaps demonstrate significant associations between visual and postural control
systems across different head orientations.

VerCorr showed negative correlations with F7–F8 and ST under the PC condition
(p < 0.05). In contrast, VerCV was positively correlated with various postural stability
indices, as evident from the moderate to strong correlations observed between VerCV and
F1, F2–F4, F5–F6, F7–F8, and ST under the NO, PC, HL, HB, and HF conditions (p < 0.05).

Additionally, HorCV was positively correlated with WDI under the NO (r = 0.65,
p < 0.05) and NC (r = 0.59, p < 0.05) conditions (Figure 3).

4. Discussion

The present study employed advanced eye-tracking technology and Tetrax postur-
ography to investigate the intricate relationship between eye movements and postural
stability in a sample of healthy adults. The findings provide valuable insights into the
complex sensory integration mechanisms underlying the maintenance of balance and have
important implications for both clinical practice and research in the fields of vision and
motor control.

One of the key findings of this study was the negative correlation between the average
speed of horizontal eye movements and their variability, suggesting that faster and more
consistent eye movements are associated with better postural stability. This relationship
may be indicative of an efficient vestibulo-ocular reflex (VOR), which is crucial for maintain-
ing gaze stability during head movements and plays a vital role in spatial orientation and
balance [17–20]. The lower variability in eye movement speed observed in individuals with
better postural stability could reflect stable and well-coordinated neural control of ocular
motility [21,22]. These findings suggest that assessing eye movement speed variability
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could potentially serve as a marker for identifying individuals at risk of postural instability
and falls, highlighting the clinical relevance of this relationship. While these findings are
intriguing, it is important to note that our study was conducted on a sample of healthy
young adults, and therefore, the results cannot be directly extrapolated to populations
at higher risk of falls, such as older adults or individuals with balance disorders. Future
research should investigate whether similar relationships exist in these at-risk popula-
tions and explore the potential clinical applications of eye movement assessments in fall
risk prediction.

Another notable finding was the positive correlation between eye movement speed
variability and weight distribution indices, suggesting that individuals with more variable
eye movement speeds may compensate for this inconsistency through adjustments in
their postural sway [23,24]. This interpretation is supported by previous studies that have
demonstrated the influence of eye movements on postural control [25,26]. For instance,
research has shown that saccadic eye movements can enhance postural stability in children,
possibly by facilitating the integration of vestibular and somatosensory information [27].
Moreover, studies have found that variability in visual information processing, such as that
observed in patients with central vision impairment, can affect postural control and the
ability to adapt postural sway in response to changes in visual feedback [28]. While further
research is needed to elucidate the underlying neural mechanisms, these findings suggest
that the relationship between eye movement variability and weight distribution may reflect
a compensatory strategy to maintain balance in the face of visual input inconsistencies.

The strong positive correlation between the coordination of horizontal and vertical eye
movements highlighted in this study underscores the importance of efficient eye movement
coordination in enhancing three-dimensional spatial perception and postural control [29].
The ability to form a comprehensive visual map of the surroundings through coordinated
eye movements is essential for accurate proprioceptive feedback and the maintenance of
balance [30,31]. This finding suggests that interventions targeting the improvement of
eye movement coordination could potentially enhance postural stability and reduce the
risk of falls in various populations, such as older adults or individuals with vestibular
disorders [32].

Interestingly, the negative correlations observed between eye movement coordina-
tion and various postural control metrics, such as Fourier indices and stability index,
indicate that precise visual processing, enabled by highly coordinated eye movements,
may contribute to the minimization of postural sway [10,33]. This finding highlights the
importance of accurate sensory input in the stabilization mechanisms underlying postu-
ral control [25,34] and opens avenues for further research investigating the interactions
between different sensory systems in the maintenance of balance [35].

The findings of this study have significant implications for clinical practice and balance
intervention design. Incorporating eye movement assessments into balance evaluation pro-
tocols could provide a more comprehensive understanding of balance control mechanisms.
These insights could inform the development of novel rehabilitation strategies, such as eye
movement training programs, potentially enhancing vestibulo-ocular reflex function and
postural stability. The observed correlations across different sensory conditions support
the development of multi-modal balance training programs. Future research should focus
on translating these findings into practical clinical applications, including longitudinal
studies on diverse populations to examine the effects of eye movement training on postural
stability and explore eye movement parameters as potential predictive markers for fall risk.

While this study provides valuable insights into the relationship between eye move-
ments and postural stability, it is important to acknowledge its limitations. The cross-
sectional design and focus on healthy young adults limit the generalizability of our findings
to other populations, such as older adults or individuals with visual or vestibular impair-
ments, and preclude the establishment of causal relationships. A significant concern is the
use of the EyeTracker system, for which detailed technical specifications and independent
validation studies are not readily available, potentially affecting the robustness of our
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findings. The mobile eye-tracking system, while allowing for more naturalistic assessments,
may introduce measurement errors due to head movements or lighting variations. Future
research should address these limitations by employing longitudinal designs, including
diverse populations, and utilizing thoroughly validated eye-tracking systems. Addition-
ally, more sophisticated statistical approaches, such as multivariate regression models or
partial correlations, could account for potential confounding variables and reveal more
complex patterns in the data. These enhancements would contribute to a more nuanced
understanding of the complex interplay between visual processing and postural control
across different age groups, clinical conditions, and real-world environments with varying
cognitive loads and visual complexity.

5. Conclusions

In conclusion, this study provides a comprehensive understanding of the dynamic
interaction between eye movements and postural stability, emphasizing the importance of
integrated sensory processing in the maintenance of balance. The findings contribute to the
scientific understanding of postural control mechanisms and have the potential to inform
the development of targeted interventions for enhancing balance and preventing falls in
various populations. Further research is needed to explore the clinical applications of these
findings and to investigate the interactions between visual, vestibular, and proprioceptive
systems in the context of postural control.

Author Contributions: Conceptualization, S.-Y.P. and D.-K.K.; formal analysis, D.-K.K.; funding
acquisition, S.-Y.P.; investigation, D.-K.K.; methodology, T.-W.K.; project administration, S.-Y.P. and
T.-W.K.; resources, T.-W.K.; software, D.-K.K.; supervision, S.-Y.P. and T.-W.K.; validation, S.-Y.P. and
T.-W.K.; visualization, D.-K.K.; writing—original draft, D.-K.K.; writing—review and editing, S.-Y.P.
and D.-K.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by the Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of Education (RS-2023-00252618).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Dankook University for studies
involving humans.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets generated during and/or analyzed during the current
study are not publicly available due to the need to protect the privacy of the participants, but are
available from the corresponding author on reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Velay, J.; Roll, R.; Lennerstrand, G.; Roll, J. Eye proprioception and visual localization in humans: Influence of ocular dominance

and visual context. Vis. Res. 1994, 34, 2169–2176. [CrossRef] [PubMed]
2. Land, M.; Tatler, B. Looking and Acting: Vision and Eye Movements in Natural Behaviour; Oxford University Press: Oxford, UK, 2009.
3. Patla, A.E. Understanding the roles of vision in the control of human locomotion. Gait Posture 1997, 5, 54–69. [CrossRef]
4. Fushiki, H.; Kobayashi, K.; Asai, M.; Watanabe, Y. Influence of visually induced self-motion on postural stability. Acta Oto-Laryngol.

2005, 125, 60–64. [CrossRef] [PubMed]
5. Poggio, T.; Bizzi, E. Generalization in vision and motor control. Nature 2004, 431, 768–774. [CrossRef] [PubMed]
6. Paulus, W.; Straube, A.; Brandt, T. Visual stabilization of posture: Physiological stimulus characteristics and clinical aspects. Brain

1984, 107, 1143–1163. [CrossRef] [PubMed]
7. Matthis, J.S.; Muller, K.S.; Bonnen, K.L.; Hayhoe, M.M. Retinal optic flow during natural locomotion. PLoS Comput. Biol. 2022, 18,

e1009575. [CrossRef] [PubMed]
8. Ellmore, T.M.; McNaughton, B.L. Human path integration by optic flow. Spat. Cogn. Comput. 2004, 4, 255–272. [CrossRef]
9. Horiuchi, K.; Imanaka, K.; Ishihara, M. Postural sway in the moving room scenario: New evidence for functional dissociation

between self-motion perception and postural control. PLoS ONE 2021, 16, e0257212. [CrossRef]
10. Thomas, N.M.; Bampouras, T.M.; Donovan, T.; Dewhurst, S. Eye movements affect postural control in young and older females.

Front. Aging Neurosci. 2016, 8, 216. [CrossRef]

https://doi.org/10.1016/0042-6989(94)90325-5
https://www.ncbi.nlm.nih.gov/pubmed/7941413
https://doi.org/10.1016/S0966-6362(96)01109-5
https://doi.org/10.1080/00016480410015794
https://www.ncbi.nlm.nih.gov/pubmed/15799576
https://doi.org/10.1038/nature03014
https://www.ncbi.nlm.nih.gov/pubmed/15483597
https://doi.org/10.1093/brain/107.4.1143
https://www.ncbi.nlm.nih.gov/pubmed/6509312
https://doi.org/10.1371/journal.pcbi.1009575
https://www.ncbi.nlm.nih.gov/pubmed/35192614
https://doi.org/10.1207/s15427633scc0403_3
https://doi.org/10.1371/journal.pone.0257212
https://doi.org/10.3389/fnagi.2016.00216


Bioengineering 2024, 11, 742 10 of 10

11. Morisita, M.; Yagi, T. The stability of human eye orientation during visual fixation and imagined fixation in three dimensions.
Auris Nasus Larynx 2001, 28, 301–304. [CrossRef]

12. Rodrigues, S.T.; Polastri, P.F.; Carvalho, J.C.; Barela, J.A.; Moraes, R.; Barbieri, F.A. Saccadic and smooth pursuit eye movements
attenuate postural sway similarly. Neurosci. Lett. 2015, 584, 292–295. [CrossRef] [PubMed]

13. Matthis, J.S.; Yates, J.L.; Hayhoe, M.M. Gaze and the control of foot placement when walking in natural terrain. Curr. Biol. 2018,
28, 1224–1233.e5. [CrossRef] [PubMed]

14. Boccignone, G.; Ferraro, M.; Crespi, S.; Robino, C.; de’Sperati, C. Detecting expert’s eye using a multiple-kernel relevance vector
machine. J. Eye Mov. Res. 2014, 7, 1–15. [CrossRef]

15. Foulsham, T.; Walker, E.; Kingstone, A. The where, what and when of gaze allocation in the lab and the natural environment. Vis.
Res. 2011, 51, 1920–1931. [CrossRef]

16. Causer, J.; Holmes, P.S.; Williams, A.M. Quiet eye training in a visuomotor control task. Med. Sci. Sports Exerc. 2011, 43, 1042–1049.
[CrossRef] [PubMed]

17. Black, F.O.; Peterka, R.J.; Shupert, C.L.; Nashner, L.M. Effects of unilateral loss of vestibular function on the vestibulo-ocular
reflex and postural control. Ann. Otol. Rhinol. Laryngol. 1989, 98, 884–889. [CrossRef] [PubMed]

18. Hilgendorf, J.R.; Vela, L.I.; Gobert, D.V.; Harter, R.A. Influence of vestibular--ocular reflex training on postural stability, dynamic
visual acuity, and gaze stabilization in patients with chronic ankle instability. Athl. Train. Sports Health Care 2012, 4, 220–229.
[CrossRef]

19. Abdelmotaleb, H.; Sobhy, O.; Bassiouny, M.; Elsherif, M. Evaluation of postural stability and vestibulo-ocular reflex in adults
with chronic suppurative otitis media. Eur. Arch. Oto-Rhino-Laryngol. 2023, 280, 897–905. [CrossRef] [PubMed]

20. Moran, R.N.; Cochrane, G. Preliminary study on an added vestibular-ocular reflex visual conflict task for postural control. J. Clin.
Transl. Res. 2020, 5, 155. [PubMed]

21. Guedry, F. Spatial orientation perception and reflexive eye movements—A perspective, an overview, and some clinical implica-
tions. Brain Res. Bull. 1996, 40, 505–512. [CrossRef] [PubMed]

22. Krauzlis, R.J.; Goffart, L.; Hafed, Z.M. Neuronal control of fixation and fixational eye movements. Philos. Trans. R. Soc. B Biol. Sci.
2017, 372, 20160205. [CrossRef] [PubMed]

23. Wójtowicz, S.; Łakoma, A.; Ferenc, A.; Daniluk, A.; Wiaderna, K.; Hadamus, A. Effect of smooth eye tracking in different patterns
on results of the modified Clinical Balance Sensory Integration Test in healthy young adults. Acta Bioeng. Biomech. 2022, 24, 57–64.
[PubMed]

24. Aguiar, S.A.; Polastri, P.F.; Godoi, D.; Moraes, R.; Barela, J.A.; Rodrigues, S.T. Effects of saccadic eye movements on postural
control in older adults. Psychol. Neurosci. 2015, 8, 19. [CrossRef]

25. Scheidt, R.A.; Ghez, C. Separate adaptive mechanisms for controlling trajectory and final position in reaching. J. Neurophysiol.
2007, 98, 3600–3613. [CrossRef] [PubMed]

26. Cherici, C.; Kuang, X.; Poletti, M.; Rucci, M. Precision of sustained fixation in trained and untrained observers. J. Vis. 2012, 12, 31.
[CrossRef] [PubMed]

27. Ajrezo, L.; Wiener-Vacher, S.; Bucci, M.P. Saccades improve postural control: A developmental study in normal children. PLoS
ONE 2013, 8, e81066. [CrossRef] [PubMed]

28. Agostini, V.; Sbrollini, A.; Cavallini, C.; Busso, A.; Pignata, G.; Knaflitz, M. The role of central vision in posture: Postural sway
adaptations in Stargardt patients. Gait Posture 2016, 43, 233–238. [CrossRef] [PubMed]

29. Tramper, J.J.; Gielen, C. Visuomotor coordination is different for different directions in three-dimensional space. J. Neurosci. 2011,
31, 7857–7866. [CrossRef] [PubMed]

30. Allum, J.; Bloem, B.; Carpenter, M.; Hulliger, M.; Hadders-Algra, M. Proprioceptive control of posture: A review of new concepts.
Gait Posture 1998, 8, 214–242. [CrossRef] [PubMed]

31. Frost, R.; Skidmore, J.; Santello, M.; Artemiadis, P. Sensorimotor control of gait: A novel approach for the study of the interplay of
visual and proprioceptive feedback. Front. Hum. Neurosci. 2015, 9, 14. [CrossRef] [PubMed]

32. Srulijes, K.; Mack, D.J.; Klenk, J.; Schwickert, L.; Ihlen, E.A.; Schwenk, M.; Lindemann, U.; Meyer, M.; Kc, S.; Hobert, M.A.; et al.
Association between vestibulo-ocular reflex suppres-sion, balance, gait, and fall risk in ageing and neurodegenerative disease:
Protocol of a one-year prospective follow-up study. BMC Neurol. 2015, 15, 192. [CrossRef] [PubMed]

33. Stamenkovic, A.; Stapley, P.J.; Robins, R.; Hollands, M.A. Do postural constraints affect eye, head, and arm coordination? J.
Neurophysiol. 2018, 120, 2066–2082. [CrossRef] [PubMed]

34. Hunter, M.C.; Hoffman, M.A. Postural control: Visual and cognitive manipulations. Gait Posture 2001, 13, 41–48. [CrossRef]
[PubMed]

35. McCollum, G.; Shupert, C.L.; Nashner, L.M. Organizing sensory information for postural control in altered sensory environ-ments.
J. Theor. Biol. 1996, 180, 257–270. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/S0385-8146(01)00100-6
https://doi.org/10.1016/j.neulet.2014.10.045
https://www.ncbi.nlm.nih.gov/pubmed/25450141
https://doi.org/10.1016/j.cub.2018.03.008
https://www.ncbi.nlm.nih.gov/pubmed/29657116
https://doi.org/10.16910/jemr.7.2.3
https://doi.org/10.1016/j.visres.2011.07.002
https://doi.org/10.1249/MSS.0b013e3182035de6
https://www.ncbi.nlm.nih.gov/pubmed/21577082
https://doi.org/10.1177/000348948909801109
https://www.ncbi.nlm.nih.gov/pubmed/2817680
https://doi.org/10.3928/19425864-20120823-01
https://doi.org/10.1007/s00405-022-07687-y
https://www.ncbi.nlm.nih.gov/pubmed/36303036
https://www.ncbi.nlm.nih.gov/pubmed/33029563
https://doi.org/10.1016/0361-9230(96)00149-9
https://www.ncbi.nlm.nih.gov/pubmed/8886381
https://doi.org/10.1098/rstb.2016.0205
https://www.ncbi.nlm.nih.gov/pubmed/28242738
https://www.ncbi.nlm.nih.gov/pubmed/37341045
https://doi.org/10.1037/h0100352
https://doi.org/10.1152/jn.00121.2007
https://www.ncbi.nlm.nih.gov/pubmed/17913996
https://doi.org/10.1167/12.6.31
https://www.ncbi.nlm.nih.gov/pubmed/22728680
https://doi.org/10.1371/journal.pone.0081066
https://www.ncbi.nlm.nih.gov/pubmed/24278379
https://doi.org/10.1016/j.gaitpost.2015.10.003
https://www.ncbi.nlm.nih.gov/pubmed/26514831
https://doi.org/10.1523/JNEUROSCI.0486-11.2011
https://www.ncbi.nlm.nih.gov/pubmed/21613499
https://doi.org/10.1016/S0966-6362(98)00027-7
https://www.ncbi.nlm.nih.gov/pubmed/10200410
https://doi.org/10.3389/fnhum.2015.00014
https://www.ncbi.nlm.nih.gov/pubmed/25709574
https://doi.org/10.1186/s12883-015-0447-5
https://www.ncbi.nlm.nih.gov/pubmed/26452640
https://doi.org/10.1152/jn.00200.2018
https://www.ncbi.nlm.nih.gov/pubmed/30020836
https://doi.org/10.1016/S0966-6362(00)00089-8
https://www.ncbi.nlm.nih.gov/pubmed/11166553
https://doi.org/10.1006/jtbi.1996.0101
https://www.ncbi.nlm.nih.gov/pubmed/8759531

	Introduction 
	Materials and Methods 
	Subjects 
	Measurements 
	Eye-Tracker 
	Tetrax Posturography 
	Experimental Procedure 
	Statistical Analysis 


	Results 
	Participant Characteristics 
	Correlations between Eye Movement Parameters and Postural Stability Indices 

	Discussion 
	Conclusions 
	References

