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Abstract
Background: Amblyopia, a unilateral or bilateral visual disorder, affects up to 5% of the general population and is a leading
cause of childhood visual impairment. Current treatments, such as patching therapy, aim to improve amblyopia by temporarily
occluding the unaffected eye, thereby promoting the use of the amblyopic eye. However, adherence to patch therapy can be
challenging, as the forced use of the amblyopic eye can be stressful for children. Moreover, despite improvements in visual
acuity by patch therapy, children with amblyopia often face difficulties with hand-eye coordination; therefore, a treatment
that reduces stress for them while simultaneously improving hand-eye coordination could address the limitations of existing
amblyopia therapies.
Objective: This study investigated the safety of our motion-based virtual reality (VR) dichoptic training app using Japanese
Kendama in healthy adult participants, which was designed to improve hand-eye coordination in pediatric patients with
amblyopia.
Methods: This prospective intervention study involved 20 healthy young adults (median age 21, IQR 21‐28.3 y), including 16
women. The participants played the motion-based VR dichoptic training app for 30 minutes and then completed a subjective
symptom questionnaire, which comprised 9 questions (Q1-Q9) with each item scored on a 4-point scale, except Q9, which was
assessed on a binary scale. Q1-Q3 focused on subjective eye symptoms, Q4-Q7 evaluated physical and mental discomfort, Q8
assessed the degree of VR session–induced arm fatigue, and Q9 assessed the severity of visually induced motion sickness.
Results: No significant differences were observed in the reported ocular symptoms before and after the VR session, including
eye fatigue (mean before vs after: 1.25, SD 0.94 points vs 1.35, SD 0.85 points), blurred vision (0.55, SD 0.50 points vs 0.80,
SD 0.40 points), eye dryness (0.95, SD 0.74 points vs 1.25, SD 0.83 points), and visually induced motion sickness (0.00,
SD 0.00 points vs 0.05, SD 0.22 points). These results suggested that the motion-based VR dichoptic training did not induce
significant adverse ocular effects.
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Conclusions: The motion-based VR dichoptic training app demonstrated minimal adverse ocular effects in healthy adult
participants, suggesting that it is safe for use in this population. These findings demonstrate the feasibility and good tolerability
of this VR-based intervention in healthy adults. Further studies, including clinical studies in adult and pediatric patients with
amblyopia, are warranted to evaluate its applicability and therapeutic effects.

JMIR Form Res 2025;9:e69801; doi: 10.2196/69801
Keywords: amblyopia; adherence; safety evaluation; virtual reality; dichoptic training; strabismus; digital health; digital
therapeutics; visually induced motion sickness

Introduction
Amblyopia, defined as a unilateral or bilateral visual disorder,
affects up to 5% of the general population [1-3] and is a
common cause of childhood visual impairment [4]. Refrac-
tive error correction with spectacles is the first-line treat-
ment for pediatric amblyopia, regardless of the cause [5,6].
However, occlusion treatment (patching therapy), which
involves blocking the unaffected eye to force the use of the
amblyopic eye, may be required in some cases [7]. While
combining corrective spectacles and patching therapy can
improve visual acuity and shorten the treatment duration [8],
treatment adherence and patient stress are significant clinical
challenges. Studies have shown that treatment adherence to
patching therapy is often <60% [9,10]. Many children with
amblyopia dislike wearing eye patches, and there is a risk of
vision impairment in the healthy eye with prolonged patching.
Additionally, children with amblyopia treated with patching
therapy often demonstrate lower binocular function than
normal children [11]. By forcing the use of monocular vision
during their developmental period, patching therapy may
inhibit the development of normal binocular visual function
in children.

Dichoptic training, which was presented by Hess et al
[12], offers a promising approach to improving visual acuity
in pediatric patients with amblyopia. This method involves
the presentation of contrasting visual stimuli to each eye
to restore binocular fusion, achieve stereopsis, and improve
visual acuity in the amblyopic eye. Video games have
emerged as a suitable platform for dichoptic training owing
to their inherent engagement, allowing the promotion of
binocular vision while treating amblyopia [13,14]. Further-
more, the contrast manipulation method in dichoptic training
translates well to virtual reality (VR) head-mounted displays
(HMDs) [15]. VR allows users to interact with and navigate a
computer-generated environment in real time. Several studies
have already explored the therapeutic effects of VR games for
amblyopia treatment [16-18]. Žiak et al [16] reported a 30%
improvement in visual acuity following 1 month of VR-HMD

training (Vivid Vision Inc). Xiao et al [18] similarly showed
that 12 weeks of VR-HMD dichoptic training, which used
contrast manipulation and blacking out specific video regions
(Luminopia Inc), improved the visual acuity of amblyopic
eyes. These findings suggest that the outcomes of VR-based
approaches are comparable to conventional patching therapy
in treating amblyopia. By incorporating digital, game-like
elements, VR-based approaches demonstrate comparable
efficacy to patching therapy, potentially enhancing adherence
and engagement [19,20].

Previous studies on VR games for amblyopia primarily
focused on nonengaging content, such as passive image
viewing or using conventional consumer game control-
lers, which underuse the full potential of VR technology
to enhance hand-eye coordination [16-18]. Children with
amblyopia typically exhibit reduced hand-eye coordination
[21,22]; however, its improvement with amblyopia treatment
has not been widely established. To address this limita-
tion, we developed a motion-based VR dichoptic training
app (Figure 1) aimed at enhancing hand-eye coordination
in pediatric patients with amblyopia. Unlike previous VR
games for amblyopia that involve passive viewing, our
app uses motion-tracking hand controllers that allow real-
time manipulation of the virtual world, mirroring the user’s
actual hand movements. This real-time movement may also
lead to higher risks of visual fatigue and visually induced
motion sickness (VIMS) in pediatric patients with amblyo-
pia compared to previous VR treatments, which involve less
active engagement. Additionally, the use of motion-based VR
dichoptic training apps in clinical trials for pediatric patients
with amblyopia necessitates resolving ethical considerations,
such as safety and efficacy, due to the time-sensitive nature of
amblyopia treatment.

In this study, we investigated the safety of our novel
motion-based VR dichoptic training app in healthy young
adults; in the future, the results of this study will be valida-
ted first in adult patients with amblyopia, and thereafter, in
pediatric patients with amblyopia.
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Figure 1. Images of the VR-based dichoptic training app. (A) The VR HMD is worn by the participant. The right-hand controller is linked to the ken
(handle). (B) Screenshot of the VR-based dichoptic training app using Japanese Kendama, while watching the ideal Kendama movement in grayscale.
(C-H) Transmittance of one eye (dominant eye) can be changed from 100% to 0% in 20% decrements (C: 100%; D: 80%; E: 60%; F: 40%; G: 20%;
and H: 0%). HMD: head-mounted display; VR: virtual reality.

Methods
Participants
Participants for this preliminary study were recruited through
posters displayed on the university campus of Teikyo
University (Tokyo, Japan) and announcements on our
website. A total of 20 healthy young adult volunteers were
enrolled. All participants underwent comprehensive ophthal-
mologic examinations, including ocular dominance assess-
ment using the hole-in-the-card test, best-corrected visual
acuity evaluation at a distance (5 m), near the point of
convergence measurement, stereoscopic acuity evaluation at
40 cm (Titmus Stereo test; Stereo Optical Co, Inc), hetero-
phoria assessment using the alternating cover test at both
near (33 cm) and far (5 m) distances, and fundus examina-
tion. Stereoacuity was converted to logarithm of arcsec (log
arcsec) at Teikyo University. Participants were excluded if
they exhibited any of the following characteristics: a best-
corrected visual acuity of <20/20, a near point of convergence
of >8 cm, stereoacuity of >100 arcsec, and the presence of
manifest strabismus (including intermittent exotropia) or any
retinal abnormalities.

Ethical Considerations
Written informed consent was obtained from all participants
after a thorough explanation of the study procedures and
potential risks. This study was approved by the Institutional
Review Board of Teikyo University (22–061) and was
conducted in accordance with the principles of the Declara-
tion of Helsinki. To ensure participant privacy and confiden-
tiality, all collected data were anonymized and deidentified
before analysis. Participants were informed that no com-
pensation would be provided as the study involved mini-
mal intervention. Additionally, no identifiable images of
participants were included in the study or supplementary
materials.
Motion-Based VR Dichoptic Training App
for Pediatric Amblyopia
A motion-based VR dichoptic training app using Japanese
Kendama was developed using VIVE Focus 3 (HTC Corp)
on Unity (version 2020.3.13; Unity Technologies; Figure
1A). The controller for the right hand was linked to a ken
(handle), as its weight (145 g) approximated the weight of
the actual ken (140 g). Participants can adjust the physical
and spatial parameters of the tama (ball) through an in-VR
touch panel (Figure 2). The speed of the tama can be set to
1.0, 0.7, or 0.4 times that of the real-world speed. Difficulty
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levels for placing the tama on the Kendama are selectable as
“easy,” “normal,” and “difficult,” with “difficult” simulating
real-world Kendama difficulty. As the VR space presents
parallax images to each eye, touch panels are available for the
horizontal, vertical, forward, and backward adjustments of the
tama’s position. An additional touch panel allows participants
to restart the game by placing the tama on the sara (dishes) if
it falls on the ground.

Figure 1B shows a screenshot of the motion-based
VR dichoptic training app using Japanese Kendama while

watching the ideal Kendama movement in grayscale. The
examiner controlled the Kendama environment using a
left-hand controller, which can adjust the tama’s transparency
in one eye (Figure 1C-H; 100%, 80%, 60%, 40%, 20%, or
0%; completely transparent). Furthermore, it is possible to
completely separate the visual stimuli for each eye, displaying
the ken and tama correspondingly.

Figure 2. Screenshots of the setting panels for the VR-based dichoptic training app. (A) Restart function. If the waza fails and the tama falls to the
ground, the participants touch “Put Tama on Sara.” (B) Speed adjustment function. The ball speed can be changed by touching “Tama speed faster”
or “Tama speed slower” in 3 levels: “slow,” “normal,” and “fast.” (C) Difficulty adjustment function. When participants try to play waza, it can be
determined whether the tama is regarded as a success even if it slightly deviates from the sara or whether it is played at the same difficulty level
as real Kendama (“difficult”) by touching the “Catch more difficult” or “Catch easier” in 3 levels: “easy,” “normal,” and “difficult.” (D) Position
alignment function. In VR, the binocular disparity may be larger than in real space because images are presented with a disparity between the left
and right eyes. For some participants, the tama may not be aligned on the sara, so the offset of the balls is adjusted by touching the “Set Tama upper,
lower, left, right, forward, and backward” panel. VR: virtual reality.

Kendama Task
Participants initiated the Kendama task by selecting the
“Challenge” panel on the touch screen. This task comprised
5 wazas (techniques): “Ozara (big dish),” “Kozara (small
dish),” “Moshikame (a basic repetitive catching technique),”
“Orbit (a trick where the ball moves in a circular path
around the spike),” and “Side spike (a technique where the
ball is caught on the side spike of the kendama).” Before
each attempt, the system displayed an instructional video
demonstrating the ideal Kendama movement of the waza
being performed. The task was designed such that successful

completion of a waza 5 consecutive times allowed progres-
sion to the next waza.
Subjective Symptom Questionnaire
Participants were instructed to complete a subjective
symptom questionnaire before and after the VR session.
The questionnaire was adapted from the previous studies
of Nakazawa et al [23], Sheedy and Bergstrom [24], and
Hoffman et al [25]. Q1-Q7 were the same as those used
in a previous study (Figure 3) [26-28]. Specifically, Q1-
Q3 assessed subjective eye symptoms, and Q4-Q7 assessed
physical and mental discomfort. Q1-Q7 have been widely
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used in previous studies to evaluate eye strain, as well as
physical and mental discomfort associated with the use of
digital devices. Q8 was designed to evaluate the degree of VR
session-induced arm fatigue, and Q9 was designed to evaluate

VIMS. Participants scored each question on a 4-point scale
(0-4), except for Q9, which was scored as either 0=no or
1=yes point.

Figure 3. Subjective symptom questionnaire. Q1-Q3 assess subjective eye symptoms; Q4-Q7 assess physical and mental discomfort; Q8 evaluates
the degree of VR session–induced arm fatigue; and Q9 evaluates VIMS. n.p.: no problem; VIMS: visually induced motion sickness; VR: virtual
reality.

Experimental Procedures
In this study, participants completed a subjective symptom
questionnaire before and after the 30-minute motion-based
VR dichoptic training sessions at Teikyo University. The
duration was determined based on prior studies [27,29].
Participants’ refractive errors were corrected using soft
contact lenses (SEED 1 day Pure moisture, Seed Co, Ltd)

because VR-HMD is difficult to wear with glasses. With
contact lenses, all participants had equal or better than 0.0
logMAR visual acuity. The Kendama task was performed at a
tama speed of 0.4×, and the difficulty level was set to “easy.”

Initially, both eyes received a transmittance of 100%.
Upon successful completion of the 5 wazas, the transmittance
of the right eye (assumed to be healthy) was reduced to
60%, defined as the second condition. After completing all
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5 wazas under the second condition, the transmittance of
the right eye was reduced to 20%, which is defined as the
third condition. Similarly, upon task completion under the
third condition, participants performed the 5 wazas in the
final condition, where only the tama and ken were displayed
in the right and left eyes, respectively. The progression of
transmittance reduction was designed as a game mechanic
to gradually increase task difficulty and maintain partici-
pant engagement, rather than being a direct intervention for
amblyopia treatment. The primary goal of this phase was to
assess the feasibility and usability of the VR app with healthy
participants rather than applying clinical treatment principles.
The decision to reduce transmittance consecutively (and not
simultaneously) was made to incrementally challenge the
participants’ ability to complete the task while maintaining
their attention and engagement. Notably, this procedure is
distinct from contrast balancing used in clinical dichoptic
training for amblyopia. In clinical settings, adjustments to
transmittance would be customized based on the patient’s
visual acuity and would likely involve simultaneous changes
to both eyes, rather than the sequential reduction observed in
this study. Additionally, contrast adjustments for amblyopia
therapy would aim to improve visual function, whereas the
transmittance changes in this study were primarily intended to
serve as part of a gamified challenge.
Statistical Analysis
This study investigated the continuous response variable from
matched pairs of participants. A previous study indicated
that the difference in responses between matched pairs was
nonnormally distributed with an SD of 0.60 [27]. Assuming a
true difference of 0.58 in the mean response of matched pairs,
18 pairs of participants would be required to be able to reject
the null hypothesis (“The response difference is zero”) with

a probability (power) of 0.8. The Type I error probability to
test the null hypothesis was 0.05. Anticipating a 10% dropout
rate owing to missing data or consent withdrawal, a total of
20 patients were needed.

Continuous variables are presented as median (IQR) or
mean (SD). Differences in subjective symptom scores before
and after motion-based VR dichoptic training sessions were
analyzed using the Wilcoxon signed rank test. The P values
for subjective symptoms were adjusted using Holm correc-
tion. Statistical significance was determined using SPSS
Statistics for Windows (version 26; IBM Corp) with a
significance level of P<.05.

Results
Characteristics of Participants
Ocular deviations with minus and plus signs indicate
exodeviation and esodeviation, respectively.

The median age of the participants was 21 (21‐28.3) years,
and 16 of 20 (80%) participants were women. The mean
spherical equivalent refractive errors were −3.36 (SD 3.14)
diopter (D) and −3.32 (SD 3.09) D for the dominant and
nondominant eyes, respectively. All participants demonstra-
ted a best-corrected visual acuity of 0.0 logMAR units or
better. Mean heterophoria values were −0.4 (SD 0.8) prism
diopter and −3.5 (SD 4.0) prism diopter at distance and near
proximity, respectively. All healthy volunteers exhibited a
stereoacuity of 1.60 log arcsec (40 s).

Table 1 presents the participant characteristics. This study
included 20 healthy young adults.

Table 1. Characteristics of participants.
Spherical equivalent (D)a Ocular deviation (PDb)c

ID Age (years) Sex REd LEe Log stereoacuity Near Distance
1 21 Female −3.125 −2.875 1.600 −10.000 −2.000
2 21 Female −7.750 −7.625 1.600 −4.000 0.000
3 21 Female −1.875 −1.500 1.600 −8.000 −2.000
4 21 Female −1.250 −0.250 1.600 2.000 0.000
5 21 Female −0.625 −5.875 1.600 2.000 0.000
6 21 Female −11.125 −11.125 1.600 −6.000 0.000
7 21 Female −3.625 −3.750 1.600 −4.000 0.000
8 40 Female −5.000 −5.000 1.600 −4.000 0.000
9 29 Male −0.750 −0.750 1.600 −6.000 −2.000
10 25 Female 0.625 0.125 1.600 0.000 0.000
11 22 Female −6.875 −5.000 1.600 −4.000 0.000
12 26 Male −3.000 −3.000 1.600 −4.000 0.000
13 21 Female −7.125 −7.875 1.600 −4.000 0.000
14 21 Female −7.250 −5.750 1.600 −10.000 −2.000
15 21 Female −3.250 −2.875 1.600 −8.000 0.000
16 33 Male 0.000 0.000 1.600 0.000 0.000
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Spherical equivalent (D)a Ocular deviation (PDb)c

ID Age (years) Sex REd LEe Log stereoacuity Near Distance
17 33 Male −3.500 −2.625 1.600 −4.000 0.000
18 32 Female 0.000 0.250 1.600 −2.000 0.000
19 21 Female 0.000 −0.125 1.600 6.000 1.000
20 20 Female −1.625 −0.750 1.600 −2.000 0.000

aD: diopter.
bPD: prism diopter.
cOcular deviations with minus and plus signs indicate exodeviation and esodeviation, respectively.
dRE: right eye.
eLE: left eye.

Subjective Symptom Scores Before
and After Motion-Based VR Dichoptic
Training
Subjective symptoms were evaluated using a 9-item
questionnaire (Figure 3) [26-28]. Table 2 and Figure 4 show
the subjective symptom scores before and after using the
motion-based VR dichoptic training app.

No significant differences were observed in subjective
eye symptoms (Q1-Q3) before and after motion-based VR

dichoptic training. In contrast, physical and mental discomfort
(Q4; mean 0.95, SD 0.59 points vs 1.90, SD 1.18 points;
n=20; P=.03) and arm fatigue (Q8; mean 0.30, SD 0.46 points
vs 2.60, SD 1.11 points; n=20; P<.001) were significantly
greater following the task. None of the participants experi-
enced VIMS (Q9; mean 0.00, SD 0.00 points vs 0.05, SD
0.22 points; n=20; P=.41) before or after the task. Of the 20
participants, 1 (5%) participant reported experiencing VIMS
after the motion-based VR dichoptic training app.

Table 2. Subjective symptoms before and after using the motion-based VRa dichoptic training app.
Subjective symptom questions Motion-based VR dichoptic training app (n=20) P valueb

Before, mean (SD) After, mean (SD)
Q1. How tired are your eyes? (0–4 points) 1.25 (0.94) 1.35 (0.85) .41
Q2. How clear is your vision? (0–4 points) 0.55 (0.50) 0.80 (0.40) .24
Q3. How does your eye feel? (0–4 points) 0.95 (0.74) 1.25 (0.83) .08
Q4. How tired is your back? (0–4 points) 0.95 (0.59) 1.90 (1.18) .03
Q5. How tired is your neck? (0–4 points) 1.05 (0.59) 1.55 (0.86) .09
Q6. How severe is your headache? (0–4 points) 0.65 (0.48) 0.95 (0.74) .19
Q7. How sleepy do you feel? (0–4 points) 1.10 (0.62) 0.80 (0.60) .08
Q8. How tired are your arm or wrist? (0–4 points) 0.30 (0.46) 2.60 (1.11) <.001
Q9. Do you feel visually induced motion sickness? (0=no or 1=yes point) 0.00 (0.00) 0.05 (0.22) .41

aVR: virtual reality.
bThe P values were adjusted using the Holm correction method.
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Figure 4. Subjective symptom scores before and after using the VR-based dichoptic training app. Box plots illustrating subjective symptom scores
before (blue) and after (red) using the VR-based dichoptic training app in all participants (n=20). Dots represent individual data points. Significant
increases were observed in back discomfort (Q4) and arm fatigue (Q8) after the task. *P=.03, Wilcoxon signed rank test with Holm correction.
***P<.001, Wilcoxon signed rank test with Holm correction. VR: virtual reality.

Discussion
Principal Results
Pediatric amblyopia is a leading cause of childhood vis-
ual impairment, and while current treatments, such as
corrective glasses and patch therapy, can improve visual
acuity, they often exhibit low treatment adherence, cause
stress for pediatric patients, and fail to fully address hand-
eye coordination deficits. In this prospective intervention
study, we investigated the potential ocular adverse effects
of the motion-based VR dichoptic training app, designed
for pediatric amblyopia treatment with enhanced hand-eye
coordination. To ensure safety before implementation in
pediatric patients, we first evaluated its effects in healthy
adults, focusing on potential ocular adverse effects. The
results showed no significant ocular symptoms after a
30-minute motion-based VR-dichoptic training, including
eye fatigue, blurred vision, eye dryness, and VIMS. These
findings suggest that the motion-based VR dichoptic training
app is a low-risk intervention with minimal ocular side effects
in healthy adults. Further studies are required to evaluate its
safety, feasibility, and effectiveness in pediatric patients with
amblyopia.
Ocular Adverse Effects
This study found that visual fatigue did not significantly
differ before and after using the motion-based VR dichop-
tic training app. Hirota et al [27] reported that 30-minute
VR-HMD sessions induced a similar level of visual fatigue
as conventional 2D displays. This discrepancy between their
findings and ours may be attributed to differences in VR
headset technology. The VR-HMD used in this study (VIVE
Focus) differs from that of Hirota et al [27] (PlayStation VR).
VR headsets released around 2016, such as the PlayStation
VR, typically featured approximately 2K resolution, 100°
field of view, and 90 Hz refresh rate. In contrast, modern

VR headsets offer approximately 4K resolution, a 200° field
of view, and a 120 Hz refresh rate. Additionally, advance-
ments in motion sensor technology have enabled more precise
synchronization between the avatar’s movements in the
virtual environment and the user’s hand controller movements
in real space. Moreover, the unique characteristics of the VR
content itself may have contributed to the lack of significant
visual fatigue in this study. These findings suggest that our
motion-based VR dichoptic training app offers an active,
gamified VR-based experience with minimal visual fatigue
in healthy adults.

In this study, the absence of complaints regarding eye
dryness following the use of the motion-based VR dichop-
tic training app likely reflects the nature of the training
task. Video games often encourage continuous visual fixation
on the screen, reducing blink frequency and leading to
eye dryness [30]. However, in this study, the participants
engaged in 5 Kendama wazas (techniques)—“Ozara (big
dish),” “Kozara (small dish),” “Moshikame,” “Orbit,” and
“Side spike.” When a waza was successfully completed,
participants could continue playing, whereas unsuccessful
attempts required them to look away and interact with a
touch panel to reset the task. We believe these intermittent
visual breaks helped prevent excessive tear evaporation and
subsequent eye dryness.

This study also demonstrated that VIMS was not induced
by 30 minutes of motion-based VR dichoptic training app
use. VIMS occurs due to a discrepancy between visual and
somatic sensations, which can be influenced by 3 factors:
hardware, content, and human physiology [31]. In terms
of hardware, VIVE Focus operates at a high sampling
rate, reducing discomfort associated with image perception.
Regarding content, the binocular disparity was minimized
by adjusting the relative positions of the “tama (ball)” and
the “sara (dish)” in the VR space. Jackson and Bedell [32]
reported that correcting vertical heterophoria can reduce
VIMS symptoms. In this study, adjusting both horizontal
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and vertical heterophoria to zero in the VR space may
have contributed to the suppression of VIMS and enhanced
visual comfort. This correction ensures that participants with
varying degrees of heterophoria can experience more stable
binocular alignment, potentially reducing discomfort and
improving the overall usability of the VR app. Additionally,
the nature of the movements in our VR task—controlled
and primarily upper-body focused—may have contributed to
minimizing VIMS risk by reducing the sensory mismatch
between visual and vestibular inputs. Finally, regarding
human factors, differences between adults and children may
influence the incidence of VIMS when pediatric patients
with amblyopia use our motion-based VR dichoptic training
app in the future. However, our findings indicate that, at
least in terms of hardware and content, the motion-based
VR dichoptic training app has been designed to minimize
conditions that induce VIMS.

Physical and Mental Adverse Effects
Notably, some participants reported physical discomfort,
primarily back discomfort, and arm fatigue, after the 30-
minute motion-based VR dichoptic training session. These
complaints are likely due to the weight of the VR-HMD and
controller. Previous studies on VR-HMD-based amblyopia
treatment have not reported physical adverse effects [16-18].
Since this study involved young adults with more developed
musculature than children, pediatric patients using VR-HMDs
may experience even greater back strain depending on
their body weight. This concern is particularly relevant
as children undergoing treatment would likely wear these
devices regularly, potentially multiple times per day as part
of their prescribed therapeutic regimen. Prolonged use of
heavy VR-HMDs during critical growth periods could impact
both physical and mental development [33,34]. Additionally,
close monitoring of task performance is crucial when children
use commercially available VR-HMDs. The observed arm
fatigue likely stemmed from the participant’s unfamiliarity
with the task and the extended session duration (30 minutes).
A systematic review of VR interventions for children with
cerebral palsy has reported effective results with session
durations of 20‐30 minutes [35]. While the optimal dura-
tion for VR-based dichoptic training remains to be deter-
mined, these findings suggest that limiting session length may
help balance efficacy with user comfort. Therefore, future
studies involving pediatric patients should consider the use of
lighter VR-HMDs and controllers, as well as shorter session
durations, to optimize usability and minimize physical strain.

Limitations
Despite the valuable insights gained from this study, some
limitations should be acknowledged. First, this study assessed
eye fatigue and VIMS for 30 minutes of motion-based VR
dichoptic training app use in healthy adult participants, which
aligns with the previous studies [13,16,18]. However, the
effects of the app on eye fatigue and VIMS should be further
evaluated in adult patients with amblyopia and in case of
good tolerance, in pediatric patients with amblyopia. Second,
Q8 of the subjective symptom questionnaire was originally
designed to assess VR session–induced arm fatigue, while
Q9 was intended to measure VIMS. These questions have
not been assessed for validity and reliability, as no stand-
ardized questionnaire currently exists for assessing VIMS
during VR use involving physical activity. Future research
should incorporate a validated questionnaire to evaluate
VIMS more accurately in this context. Third, adapting the use
of VR-HMDs for pediatric patients with amblyopia requires
ensuring a proper fit, accommodating a range of interpupil-
lary distances, and minimizing the VR-HMD weight. This is
particularly important because most commercially available
VR-HMDs are optimized for adult interpupillary distance
ranges, which may not be suitable for younger children
and could affect alignment and comfort. While this study
demonstrated the safety of the motion-based VR dichoptic
training app in healthy adult participants, further refinements
are necessary before its implementation in pediatric patients.
Moving forward, we intend to conduct further investigations
in adult patients who have previously undergone amblyopia
treatment but are currently experiencing declining visual
acuity in one eye. This approach would allow us to refine and
validate the treatment protocol without requiring additional
hardware development.
Conclusions
Our 30-minute motion-based VR dichoptic training app
session resulted in minimal visual discomfort, including
minimal eye fatigue, blurred vision, eye dryness, and
VIMS. These results provide preliminary evidence that daily
amblyopia training using motion-based VR dichoptic training
apps may minimize adverse ocular effects. Future studies in
adults and children with amblyopia are needed to assess the
tolerability and efficacy of the motion-based VR dichoptic
training app for the treatment of patients with amblyopia.
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