Open Access Journal of Sports Medicine Dove

ORIGINAL RESEARCH

Do Combined Oculomotor and Bimanual
Coordination Exercises Instantly Stabilize Balance
in Athletes!?

Yuki Matsuura ', Yosuke Sakairiz, Haruki Sato', Koki Takiura®

'Cooperative Faculty of Education, Utsunomiya University, Utsunomiya, Japan; 2Faculty of Health and Sport Sciences, University of Tsukuba, Tsukuba,
Japan; 3Institute for Social Innovation and Cooperation, Utsunomiya University, Utsunomiya, Japan

Correspondence: Yuki Matsuura, Cooperative Faculty of Education, Utsunomiya University, 350 Mine, Utsunomiya-City, Tochigi, 321-8505, Japan,
Tel +81-28-649-5378, Email yuki-matsuura@cc.utsunomiya-u.ac.jp

Purpose: This study examined the immediate effects of oculomotor and bimanual coordination exercises, as well as a combination of
the two, on stability of balance in athletes.

Patients and Methods: Changes in center-of-gravity sway were measured in 30 college student athletes before and after the
following three exercise conditions: 1) oculomotor exercises, 2) bimanual coordination exercises, and 3) a combination of oculomotor
and bimanual coordination exercises (1+2). The order of these exercises was counterbalanced.

Results: The combination of exercises (condition 3) reduced large swaying during balancing and immediately increased postural
stability. Moreover, the oculomotor and bimanual coordination exercises (conditions 1 and 2) immediately reduced large sway during
balancing when performed independently. Thus, the present study revealed that the combination of oculomotor and bimanual
coordination exercises immediately reduced accidental swaying during balancing and also improved postural stability.

Conclusion: This combination could be effective as an immediate balance adjustment method for athletes.
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Introduction
Balance training in athletes has been shown to reduce the risk of sports-related injuries and improve functional
performance.' It has also been reported to improve posture and neuromuscular control in athletes,™” and to induce,
promote, and assist in the recovery of neuromuscular function and rehabilitation after an injury.® A meta-analysis of the
effects of balance training in youth reported moderate to large effects on static and dynamic balance,” highlighting the
importance of balance training in young athlete’s training programs.®

According to a meta-analysis by Lesinski et al® balance training comprises static/dynamic steady-state, proactive, and
reactive balance exercises. The training includes standing with one or both legs on stable or unstable surfaces (eg, BOSU
ball, DynaDisc, balance platform, etc.) with one’s eyes open or closed. In addition, most balance training studies with
athletes have examined the effects of balance training over several weeks in combination with strength training, as in
a review by Granacher and Behm,® which recommends a combination of balance and strength training. On the other
hand, it has been suggested that balance control may also be affected by warming up, which aims to improve functional
performance and reduce the risk of sports-related injuries.'®

Warming up is essential for achieving optimal performance'' and increasing the efficiency of the somatosensory
system'? and neuromuscular responses.'® Athletes warm up immediately before a game to achieve better performance,
and warm-up exercises that immediately improve balance are essential in such situations.'* However, the aforementioned
balance training as a warm-up does not necessarily lead to the improvement of balance stability. For instance, training on

balance control as a warm-up exercise is not effective in improving balance immediately, indicating the need for
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a recovery time of about 20 minutes after training.'*'® Furthermore, research has supported the notion that propriocep-
tive training using an unstable platform has a short-term negative effect on balance stability in athletes.'”

Therefore, we focused on an approach that restores or improves balance by directly targeting the vestibular system,
which is directly involved in maintaining posture and balance. The approaches used in this study are oculomotor and
gaze stabilization exercises. The effectiveness of such exercises in improving balance has been reported mainly in the
field of rehabilitation for stroke and other disorders.'®° These exercises also help improve balance in healthy young
adults without vestibular or ocular problems.?’

In addition to the vestibular system, the cerebellum is involved in maintaining posture and balance.** Specifically,
through its connections with the vestibular nuclei and the vestibular apparatus, the cerebellum plays an important role in
maintaining balance and coordinating head and eye movements.”>*** It has also been suggested that cerebellar activation
improves balance.”> We focused on bimanual coordinated movements, which are closely related to cerebellar control and
activation.”® *® Although the cerebellar activation during bimanual coordination exercises may stabilize balance, no
study has confirmed the effect of bimanual coordination exercises on balance. Therefore, we hypothesized that
a combination of oculomotor exercises, which are beneficial to the vestibular system, and bimanual coordination
exercises, which activate the cerebellum, would have a more beneficial effect on balance. In summary, this study
aimed to examine whether oculomotor exercises, bimanual coordination exercises, and a combination of the two are
beneficial for immediate balance stability in athletes.

Methods
Participants

Participants were students who were performing the athletic club activites at the author’s institution. They played
baseball, soccer, basketball, volleyball, track and field, tennis, handball, badminton, swimming, and kendo. Healthy
student athletes were notified of the study and those who agreed to cooperate were eligible to participate. The exclusion
criteria were: injury, physical disability, any disease, poor physical condition on the day of the experiment, alcohol
consumption within 24 hours of the experiment, or less than 5 hours of sleep the day before the experiment. In total, 30
Japanese university student athletes (23 men and 7 women; mean age 21.20 years, SD=0.98) who met the criteria were
included in the study. All participants performed at the regional competition level.

Participants were informed of the nature of the study, the safety of the activities, and that their privacy would be
protected. Only those who signed the informed consent sheet were included. The study was approved by the Ethics
Committee on Research Involving Human Subjects of Utsunomiya University (H23-0118) and complied with the ethical
principles of the Declaration of Helsinki.

Exercise Conditions

The exercise program was conducted under the following three conditions: 1) oculomotor exercises, 2) bimanual
coordination exercises, and 3) a combination of the two (1+2). The oculomotor program comprised six exercises—two
smooth pursuit exercises and four adaptation exercises—based on a study by Morimoto et al.>' Bimanual coordinated
movements comprised three bimanual in-phase movements and three bimanual anti-phase movements, as both move-
ments can be performed without extensive practice.”” The combination condition comprised six exercises: one smooth
pursuit exercise, two adaptation exercises, two bimanual in-phase movements, and one bimanual anti-phase movement.
The order in which the oculomotor and bimanual coordination exercises were performed was counterbalanced. The
duration of each program was approximately 5 minutes. The exercises performed in each program are shown in Table 1
and Figure 1.

Experimental Equipment and Measurement
Experimental Equipment

The Wii Balance Board (WBB, Nintendo, Japan) was used to measure center-of-gravity sway. In addition, stabometry

30

software, namely FitTri ver. 2, developed by Yoshimura,” was employed to continuously acquire the center of pressure
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Table | Details of the Exercise Conducted

Purpose Order Description of exercise Number of Exercises Rest Total
sets time time time
Oculomotor Pursuit | Moving the thumbs horizontally and tracking them with the eyes while keeping the head still 10 times each 20 sec. Approx.
Exercises exercises (Figure |A). side (20 times 5 min.
total)
Conducting the exercise with the left/right thumbs, while varying the height. 30 sec.
2 Moving the thumbs vertically and tracking it with the eyes while keeping the head still (Figure IB). | 10 times each 20 sec.
side (20 times
Conducting the exercise with the left/right thumbs, while varying the left/right position. otal) 30 sec.
Adaptation 3 Moving the head horizontally while keeping the gaze on a stationary thumb (Figure 1C). 10 times each 20 sec.
exercises side (20 times
Conducting the exercise with the left/right thumbs, in a position that is hard to see, while varying total) 30 sec.
o
the height.
4 Moving the head vertically while keeping the gaze on a stationary thumb (Figure 1D). 10 times each 20 sec.
side (20 times
Conducting the exercise with the left/right thumbs, in a position that is hard to see, while varying total) 30 sec.
o
the left/right position.
5 Moving the head and thumbs in opposite directions horizontally while tracking the thumb with 10 times each 20 sec.
the eyes (Figure IE). side (20 times
total)
Conducting the exercise with the left/right thumbs, in a position that is hard to see, while varying 30 sec.
the height
6 Moving the head and thumbs in opposite directions vertically while tracking the thumb with the | 10 times each 20 sec.
eyes (Figure IF). side (20 times
total)
Conducting the exercise with the left/right thumbs, in a position that is hard to see, while varying
the left/right position
(Continued)
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Table 1 (Continued).

Purpose Order Description of exercise Number of Exercises Rest Total
sets time time time
Bimanual- In-phase | Extending both arms to a position horizontal to the floor, while dorsiflexing the wrists to 90 40 times 20 sec. 30 sec. | Approx.
Coordination degrees, and performing a bimanual coordinated movement in-phase (Figure |G). 5 min.
Exercises
Anti-phase 2 Extending both arms to a position horizontal to the floor, while dorsiflexing the wrists to 90 40 times 20 sec. 30 sec.
degrees, and performing a bimanual coordinated movement in anti-phase (Figure H).
In-phase 3 Extending both arms at about 45 degrees to the body, while dorsiflexing the wrists to 90 degrees, 40 times 20 sec. 30 sec.
and performing a bimanual coordinated movement in-phase.
Anti-phase 4 Extending both arms at about 45 degrees to the body, while dorsiflexing the wrists to 90 degrees, 40 times 20 sec. 30 sec.
and performing a bimanual coordinated movement in anti-phase.
In-phase 5 While moving both arms up and down between 45 degrees to horizontal to the floor in relation 40 times 20 sec. 30 sec.
to the body, dorsiflex the wrists to 90 degrees, and perform a bimanual coordinated movement
in-phase.
Anti-phase 6 While moving both arms up and down between 45 degrees to horizontal to the floor in relation 40 times 20 sec.
to the body, dorsiflex the wrists to 90 degrees, and perform a bimanual coordinated movement
in anti-phase.
Combined Pursuit | or 4 Moving the thumbs horizontally and tracking them with the eyes while keeping the head still 10 times each 20 sec. Approx.
Exercises exercises (Figure 1A). side (20 times 5 min.
total)
Conducting the exercise with the left/right thumbs, while varying the height. 30 sec.
Adaptation | 2 or5 Moving the head horizontally while keeping the gaze on a stationary thumb (Figure 1C). 10 times each 20 sec.
exercises side (20 times
Conducting the exercise with the left/right thumbs, in a position that is hard to see, while varying ¢otal) 30 sec.
otal
the height.
3 or 6 | Moving the head and thumbs in opposite directions horizontally while tracking the thumb with 10 times each 20 sec.
the eyes (Figure IE). side (20 times
total)
Conducting the exercise with the left/right thumbs, in a position that is hard to see, while varying 30 sec.
the height.
In-phase 4or | Extending both arms to a position horizontal to the floor, while dorsiflexing the wrists to 90 40 times 20 sec. 30 sec.
degrees, and performing a bimanual coordinated movement in-phase (Figure |G).
Anti-phase | 5or2 Extending both arms to a position horizontal to the floor, while dorsiflexing the wrists to 90 40 times 20 sec. 30 sec.
degrees, and performing a bimanual coordinated movement in anti-phase (Figure 1H).
In-phase 6 or 3 | While moving both arms up and down between 45 degrees to horizontal to the floor in relation 40 times 20 sec.

to the body, dorsiflex the wrists to 90 degrees, and perform a bimanual coordinated movement
in-phase.
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Figure | Methods of performing oculomotor and bimanual coordination exercises. The oculomotor exercises were created based on the movements in Morimoto et al*' (A) Oculomotor
exercise | is one of the pursuit exercises. This exercise involves moving the thumbs horizontally and tracking them with the eyes while keeping the head still. (B) Oculomotor exercise 2 is one of
the pursuit exercises. This exercise involves moving the thumbs vertically and tracking them with your eyes while keeping your head still. (C) Oculomotor exercise 3 is one of the adaptation
exercises. This exercise involves moving the head horizontally while keeping your gaze on a stationary thumb. (D) Oculomotor exercise 4 is one of the adaptation exercises. This exercise involves
moving the head vertically while keeping your gaze on a stationary thumb. (E) Oculomotor exercise 5 is one of the adaptation exercises. This exercise involves moving the head and thumbs in
opposite directions horizontally while tracking the thumb with your eyes. (F) Oculomotor exercise 6 is one of the adaptation exercises. This exercise involves moving the head and thumbs in
opposite directions vertically while tracking the thumb with your eyes. (G) Bimanual-coordination exercise | is one of the in-phase bimanual-coordination exercises. This exercise involves
extending both arms to a position horizontal to the floor, dorsiflexing your wrists to 90 degrees, and performing a bimanual coordinated movement in-phase. (H) Bimanual-coordination exercise
2 is one of the anti-phase bimanual-coordination exercises. This exercise involves extending both arms to a position horizontal to the floor, dorsiflexing your wrists to 90 degrees, and performing

a bimanual coordinated movement in anti-phase.
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(COP) position. The accuracy of the WBB has been confirmed in previous studies.®' To ensure that participant’s toes did
not stick out of the WBB when measuring the tandem stance, a wooden board that was 450 mm long, 600 mm wide, and
9 mm thick was placed on the WBB for measurement.

Center-of-Gravity Test

In the center-of-gravity test, unit time trajectory length and sway area were calculated to examine changes in center-of-
gravity stability before and after each exercise. The characteristics of each index, based on Yamanaka,*” are shown
below. Unit time trajectory length is the value obtained by dividing the moving distance of the COP due to body sway
(total trajectory length) by the recording time. The higher the value, the more unstable the postural control. The sway area
is calculated by multiplying the maximum moving distances in the left-right and front—back directions. The higher the
value, the greater the effect of the unintentional sway, indicating that unintentional large sway has occurred. The average
of three pre-measurements was used as the reference value for each participant, and the amount of change obtained by
subtracting this reference value from the measured value of each trial was used as the index for the study.

The center-of-gravity sway was measured in a closed-eye tandem standing posture with arms crossed over the chest
(Figure 2). This stance was used for the following reason: the participants are athletes and have better balance than non-
athletes, and the body movements during the tandem standing posture emphasize differences that are not seen in the normal
standing posture; therefore, they are suitable for understanding the neural mechanisms that control stability.**>* In the tandem
standing posture, the participants were placed in a toe and heel position with the toes and heels at the center of the WBB. In the
tandem standing posture, the dominant foot was the rear limb. On the first day of measurement, participants were instructed on
the balance posture (Figure 2) and confirmed that they were able to maintain this posture before the measurement began. The
measurement period was 60 seconds after the participant stepped onto the WBB and the examiner confirmed that the initial
transient body movement had subsided. The measurement time was determined based on the work of Carpenter et al.*
Measurements were usually taken while participants were barefoot, although light socks were allowed.

Figure 2 The closed-eye tandem standing posture with arms crossed over the chest.
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Two-Dimensional Mood Scale

The Two-Dimensional Mood Scale (TDMS)*® was used to determine whether each exercise condition caused participants
to experience unpleasant mood states. This scale comprises eight words selected based on pleasure and arousal and is
capable of measuring momentary mood states.

Procedure

The study was conducted as a quasi-randomized controlled trial, with participants assigned as shown in Table 2. The
order in which the exercise programs were implemented was counterbalanced. One exercise program was performed for
only one condition per day, and another was performed 3—7 days later. Data were measured by two collaborators between
9:00 a.m. and 3:00 p.m. All measurements were performed in the same laboratory.

Participants were measured on the first day of the experiment in the resting condition of sitting in a chair for 5 minutes,
followed by one of the exercise conditions. Participants performed one exercise condition in a standing position, after which
they rested in a chair for 2 minutes. They also reported changes in mood using the TDMS before and after each exercise
condition, and changes in subjective stability after the post-center-of-gravity test. The study protocol is illustrated in Figure 3.

Analysis

A one-way within-subjects analysis of variance (ANOVA) was performed for each measurement item related to the center-of-
gravity test. When a significant main effect was observed, Dunnett’s multiple comparisons were performed. To examine changes
in mood before and after exercise, a two-way within-subjects (pre-post x 3 conditions) ANOVA was performed to assess the
TDMS comfort scores. Bonferroni was employed to adjust for multiple comparisons, with the significance level set at less than
5%, and less than 10% was considered a significant trend. Regarding effect sizes, generalized eta-squared () was calculated
for one-way and two-way ANOVAs, and Cohen’s @’ was calculated for multiple comparisons. IBM SPSS Statistics 28 was used
as the statistical software. No statistical sample size calculations were performed. For power, based on the sample size of this

Table 2 Counterbalance of the Exercise Programs and Participants

Assigned
Participants No Order
Day| — | Day2 — | Day3

1,13,25: (e} 3~7days | — B 3~7days | > | C-a
2,14,26: (@) — | Ca - B
3,15,27: B — (@) — | C-a
4,16,28: B — | Ca — o
5,17,29: C-a — (@) — B
6,18,30: C-a — B — e}
7,19: (@) — B — | Cb
8,20: (@) — | Cb — B
9,21: B — ) —- | Cb
10,22: B — | Cb — (@)
11,23: C-b — (@) — B
12,24: C-b — B — (e}

Notes: The contents of the exercise are shown in Table I.
Abbreviations: O, oculomotor exercises; B, bimanual-coordination exercises; C-a, combined
exercises; C-b, bimanual-coordination exercises.
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Figure 3 Protocol.

study (n = 30), a post hoc analysis was conducted using G*power 3.1 for one-way and two-way within-subjects ANOVA with
a medium effect size (75> = 0.25) and a significance level of p < 0.05. The post hoc powers were 0.840 and 0.751, respectively.

Results
The Shapiro—Wilk test indicated that all the data were normally distributed, and the Levene test indicated that equality of
error variances was assumed at the 5% level.

Center-of-Gravity Test

Effect of Measurement Period

Unit Time Trajectory Length

There was no significant difference in unit time trajectory length between the pre-measurement (F (2, 58) = 0.24, p = 0.791,
76> = 0.02) and post-measurement (F (2, 58) = 0.20, p = 0.819, 55> = 0.02) periods (Table 3).

Sway Area
There was no significant difference in sway area between the pre-measurement (F (2, 58) = 0.02, p = 0.981, 75> = 0.00)
and post-measurement (F (2, 58) = 0.21, p = 0.812, 55> = 0.01) periods (Table 3).

Effects of Exercise Conditions

Unit Time Trajectory Length

Significant differences in unit time trajectory length were found between exercise conditions (F (3, 87) = 3.09, p = 0.031,
76> = 0.25). Multiple comparisons confirmed a significant decrease in unit time trajectory length for the combination
condition compared with rest (p = 0.017, d = 0.67). There was no significant difference in the degree of reduction in unit
time trajectory length between rest and the oculomotor condition (p =0.718, d=0.21) or rest and the bimanual coordination
condition (p = 0.961, d = 0.09) (Table 4, Figure 4A).

Table 3 Comparison of Center-of-Gravity Sway by Measurement Period

Pre Post (3 Exercise Conditions)

Day | | Day 2 | Day 3 F Day | | Day2 | Day 3 F

Sway Path Per Unit Time (cm) | Mean 6.62 6.72 6.45 0.24 6.19 6.19 5.95 0.20
(SD) | (2.31) (1.67) | (1.68) (1.94) (2.19) (1.97)
Sway Area (cm2) Mean | 4278 43.33 4224 | 0.02 | 33.84 32.09 3148 | 0.21
(SD) | (28.91) | (I8.11) | (21.90) (18.45) | (13.02) | (18.73)
84 https: Open Access Journal of Sports Medicine 2024:15
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Table 4 Comparison of Center-of-Gravity Sway by Exercises Condition

Resting Oculomotor | Bimanual- Combined | F Multiple Comparisons
Conditions | Exercises Coordination Exercises
Exercises
Sway Path Per | Mean | 0.03 —-0.30 -0.12 —-1.03 3.09* Combined<Resting*
Unit Time (cm) | (SD) | (1.58) (1.48) (1.78) (1.57)
Sway area Mean | 5.89 —9.67 —8.49 -12.77 6.57%%* | Oculomotor, Combined<Resting***
(cm?2) (SD) | (2841) (18.73) (19.10) (18.84) Bimanual-coordination<Resting**

Notes: *p <0.05, *p <0.01, ¥ p <0.001.

Sway Area

A significant difference in sway area was observed depending on exercise condition (F (3, 87) = 6.57, p <0.001, 5> = 0.33).
Multiple comparisons confirmed that the sway area was significantly reduced in all conditions, compared with rest:
oculomotor (p = 0.003, d = 0.65), bimanual coordination (p = 0.006, d = 0.59), and combination (p <0.001, d = 0.77;
Table 4, Figure 4B).

TDMS

A significant interaction was observed for mood comfort scores (F (2, 58) =3.54, p=0.035, 75> = 0.05). Multiple comparisons
revealed a significant increase in comfort scores for the bimanual coordination condition (p = 0.003, d = 0.45) with respect to
changes in the measurement period. No significant changes were observed for the oculomotor (p = 0.870, d = 0.02) or
combination (p = 0.278, d = 0.16) conditions (Table 5).

Discussion

Unit time trajectory length is an index of standing postural instability and indicates fine control of posture. This study
confirmed that only the combination exercise significantly reduced unit time trajectory length compared with rest. Sway area
represents the degree of unintentional large sway and the extent of back-and-forth and left-and-right movements. In this study,

53k 3k
(cm) A (cm2) | = ' B
* M
2.00 , , 40.00 * 3% 3k
1.50 T 30.00
1.00 20.00
0.50
10.00 ) -

8 R = 000 — L]

T mom

-10.00
-1.00 =
1.50 o -20.00 1
-2.00 -30.00 : )
2.50 Resting Oculomotor Bimefnuall— Combined -40.00 Resting Oculomotor Bima.nua.l— Combined
coordination coordination

Figure 4 Comparison of the amount of change in each index of center-of-gravity sway before and after the exercise. (A) Amount of change from pre-test to post-test in
sway path per unit time. (B) Amount of change from pre-test to post-test in sway area. Oculomotor are the oculomotor exercises, bimanual coordination are the bimanual
coordination exercises, and Combined is a combination of the oculomotor exercises and the bimanual coordination exercises. Data are expressed as mean * SD. n = 30.
*p < 0.05, ¥p < 0.01**, p < 0.00 ¥+
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Table 5 Change in the Mood Pleasure Before and After Exercises

Oculomotor Bimanual- Combined Interaction | Main Effect of Time | Main Effect of Condition
Exercises coordination Exercises
Exercises
pre post pre post pre post F F F
Pleasure | Mean | 5.47 5.57 4.73 6.77 5.37 6.00 3.54* 4.79* 0.06
(SD) | (4.46) | (4.62) | (4.77) | (4.28) | (3.86) | (4.03)

Note: *p <0.05.

sway area was significantly reduced compared with rest, in all three conditions. These results confirmed that the oculomotor,
bimanual coordination, and combination conditions were all effective in reducing unintentional large sway. They also
confirmed that the combination condition resulted in less sway and better stability. In this study, balance was measured
repeatedly on the same participants. Therefore, we showed that the effect of measurement period showed no significant
difference in any of the indicators. Such results suggest that the learning effect of repeated measurements can be excluded.
Regarding the mood state, no change was observed for the oculomotor or combination conditions, whereas the bimanual
coordination condition was found to increase pleasure. Although threatening and anxious emotions affect center-of-gravity
sway,”® these uncomfortable moods and emotions were not observed in this study. However, the effect size for the change in
mood was small, indicating insufficient detection power, suggesting the need for further study.

Based on these results, it can be assumed that the changes in center-of-gravity sway were not influenced by mood
state but were due to the effects of the individual exercises. The effect of oculomotor exercises on reducing sway during
balancing is similar to that reported in previous studies;”' however, the present study confirms the effect of eye
movements on reducing immediate and unintentional large sway in athletes. Gaze stabilization exercises have been
reported to immediately improve the vestibular function required for postural stability, mediated by an improvement in
the vestibulospinal reflex.*” In the closed-eye tandem standing balance test in the present study, the effect might have
been achieved by the same mechanism as that used in previous studies.

The effect of the reduction in sway area by the bimanual coordination exercise may be due to the activation of the
cerebellum. A previous study that examined the structural relationship between human postural balance and the brain
reported that almost all regions of the brain are involved in balance, with the greatest number of reports on the gray and
white matter of the cerebellum; the cerebellum plays an important role in the acquisition and ability to balance.*’ In
particular, individuals with balancing skill, such as athletes, have increased gray matter volume in the cerebellum
compared with individuals with average balance.*' Furthermore, it has been reported that cerebellar transcranial direct
current stimulation (ctDCS) reduces balance in healthy adults when cathodal ctDCS is applied to the cerebellum.** This
suggests that the degree of cerebellar activity affects balance.

It has also been hypothesized that simple, repetitive, and symmetrical bimanual coordination relies on complex
patterns of interaction within spatially distributed neural networks that are closely related to functional connections
between the left and right hemispheres of the cerebellum and information transfer between cortical and subcortical
structures;* thus, balance involves nearly every region of the brain.** Moreover, anodal transcranial direct current
stimulation (atDCS) over the cerebellum improves motor performance and motor transmission in bimanual coordination
tasks.** Accordingly, these findings suggest that the reason for the greatest effect on increased balance stability in the
combination exercise condition is the synergistic effect produced by the improvement of the vestibular system via eye
movements and the activation of the neural network centered on the cerebellum via the bimanual coordination exercise.

Notably, the in-phase and anti-phase motions performed in the bimanual coordinated movements in this study were
reported to be different control processes.** Specifically, the dominant hemisphere controls the movement in the in-phase
motion, whereas both hemispheres are controlled more independently during the anti-phase movement. Although there is
no difference between in-phase and anti-phase cerebellar activation, the cerebellum has been reported to be more strongly
connected to the cingulate gyrus motor area (CMA) during anti-phase movements than during in-phase movements.*®
The reason for the greater activation of the CMA during anti-phase movements is thought to be the suppression of
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contrastive movements*’ along the intrinsically preferred midline.** As both in-phase and anti-phase exercises were
performed in this study, it is unclear whether the effect is due to the combination of the exercises or due to one or the
other. This effect should be investigated further.

Several participants reported headache and dizziness immediately after the eye movement, although these symptoms
were transient and resolved after 2 minutes of rest. The participant’s mood did not change to an unpleasant state in any of
the conditions, indicating that the exercise was not distressing for them.

The limitations of this study include the fact that only immediate effects were investigated; therefore, it remains
unclear how long the effects of improved balance will be maintained, and to what extent they will be achieved in the
actual performance situations of each athlete. In addition, the participants in this study were engaged in various sports.
The effects on postural control are considered to vary depending on the sport; hence, it is necessary to examine the
effects of each sport in future studies.

However, as the present study confirmed that each of the training exercises performed had an immediate effect on
balance and that there was no mental strain on the participant, it is possible to conclude that the training can be used, for
example, as a warm-up immediately prior to an athlete’s performance demonstration situation. Future studies should
implement the exercises performed in this study for a long period, such as 3 months, as a warm-up exercise and examine
the effects on the actual performance demonstration situation of each athlete. The exercises performed in this study, if
added to conventional balance training, may also have the potential to be used as a new type of training to further
improve balance.

Conclusion

The combined oculomotor and bimanual coordination exercise examined in the present study was found to reduce
unintentional large sway during balancing and immediately increase postural stability. Independent oculomotor and
bimanual coordinated movements also showed an immediate reduction in unintentional large sway during balancing.
These findings suggest that the exercises investigated in this study should be included as part of athlete’s warm-up
immediately prior to their performance, to enable them to achieve greater feats.
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