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Relationship between Ocular Fatigue and Use of a Virtual Reality Device
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Purpose: To investigate ocular fatigue after the use of a head-mounted display (HMD)-type virtual reality device.

Methods: Healthy adult volunteers were examined for ocular fatigue before and after watching videos for 10 min with an HMD-type
virtual reality device. Subjective ocular fatigue was measured using a questionnaire. Objective fatigue was measured using the
critical flicker fusion frequency (CFF), high frequency component of accommodative microfluctuation, and accommodation
amplitude. The accommodation amplitude was measured using the push-up method and the dynamic measurement mode of the
autorefractometer. Changes in the spherical equivalent were also measured.

Results: The questionnaire-based subjective ocular fatigue increased (p = 0.020) after use of the HMD device. In the dominant
eye, the high frequency component of accommodative microfluctuation increased (p < 0.05). The accommodation amplitude us-
ing the push-up method was decreased in the nondominant eye (p = 0.007), and temporary myopia was observed (p < 0.05).
However, there was no increase in ocular fatigue in the CFF or the accommodation amplitude using the dynamic measurement
mode, which showed no significant difference before and after using the HMD device (p > 0.05).

Conclusions: A subjective test and some objective tests suggested that use of the HMD-type virtual reality display increased oc-
ular fatigue. However, no increase in ocular fatigue was measured using CFF nor in the accommodation amplitude using the dy-
namic measurement mode which was a limitation of the study. More studies with the aim to alleviate ocular fatigue after using
HMD-type virtual reality devices are therefore needed.
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Figure 1. Head mounted display (HMD) based virtual reality
(VR) display (XQ800ZAA-HCI1KR, Samsung Electronics,
Yongin, Korea). Subjects watched video for 10 minutes with
VR device.
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Figure 2. Measurement report of auto refractormeter (Speedy-i,

Right MfgCo.,

Tokyo, Japan). The horizontal axis of the graph

represents target distance and vertical axis of the graph represents
accommodation responses.
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Figure 3. Flicker fusion frequency tester (Model 12021A,
Lafayette Instrument Company, Lafayette, IN, USA). It can
measure threshold frequency where a flickering light is perceived
as continuous, defined as the critical flicker fusion frequency.
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Figure 4. Auto refractormeter (WAM-5500 Grand Seiko, Hiroshima,
Japan). Objective refraction was measured under single viewing
conditions. Moving target stimulate accommodation and auto
refractormeter measure amplitude of accommodation dynamically.
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Table 1. Subjects characteristics

Variable Value
Age (years) 353+ 7.6
Sex (male:female) 18 (53):16 (47)
Dominant eye (right:left)
Visual acuity

p-value*

24 (71):10 (29) 0.708
Dominant eye 1.51 £0.23
Nondominant eye 1.48 + 0.20

Intraocular pressure (mmHg) 0.919
Dominant eye 13.5 £ 2.6
Nondominant eye 35425

Spherical equivalent (diopters) 0.244
Dominant eye -1.74 + 1.91
Nondominant eye -1.62 + 1.94

Values are presented as mean + standard deviation or number (%).
"Paired r-test.
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1,62 + 1.94DR 993} 2ol 819lth(p=0.244) (Table 1).
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Table 2. The changes of modified VQRS Score before and after watching virtual reality device

Characteristic Pre VR Post VR Difference p—Value*
General body symptoms related modified VQRS score 9.62 + 2.98 11.03 + 4.32 1.41 + 4.61 0.084
Eye symptom related modified VQRS score 5.18 £ 1.31 6.68 + 3.10 1.50 + 3.17 0.009
Total modified VQRS score 14.79 + 4.01 17.71 + 6.76 291 + 6.97 0.020

Values are presented as mean + standard deviation.

VQRS = virtual reality symptom questionnaire; VR = virtual reality.

*Paired 7-test.
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Table 3. The changes of factors associated with ocular fatigue before and after watching virtual reality device

Table 5). =
AR A4S 7
4% oj3io] uhet 2
AT AA, YA
ZA}, Push-up methodE A}-83F F317]
AA; ol A1 AZo] W=
(p>0.05).

el 4
Fofat 2ol 7t ¢

Variable Eyes Pre VR Post VR Difference p-value’
HFC1 (dB) Dominant 62.28 + 4.40 63.69 + 4.16 1.41 +3.27 0.017
Nondominant 62.34 + 4.25 63.57 + 4.85 1.23 £ 4.46 0.119
HFC2 (dB) Dominant 64.91 + 3.94 66.20 + 4.14 1.29 + 3.40 0.033
Nondominant 65.13 + 3.80 66.19 + 4.24 1.06 + 3.75 0.110
Total HFC (dB) Dominant 63.98 + 3.71 65.22 + 3.56 1.24 + 2.60 0.009
Nondominant 64.20 + 3.50 65.29 + 4.12 1.09 + 3.22 0.058
Critical flicker fusion frequency test (Hz) Dominant 36.56 + 4.12 37.31 + 4.17 0.75 + 1.22 0.001
Nondominant 36.15 + 4.12 37.21 + 4.17 1.06 + 1.62 0.001
Subjective amplitude of accommodation Dominant 7.81 +2.91 7.46 + 2.70 -0.36 + 1.06 0.058
with push up method (diopters) Nondominant 7.45 + 2.88 7.07 £2.71 -0.38 + 0.78 0.007
Objective amplitude of accommodation with Dominant 2.66 + 0.91 2.55 + 0.94 -0.103 + 0.43 0.171
autorefractormeter (diopters) Nondominant 2.61 +0.90 2.68 +0.93 0.07 + 0.33 0.202
Spherical equivalent (diopters) Dominant -1.74 £ 1.91 -1.88 + 1.90 0.14 + 0.27 0.006
Nondominant -1.62 + 1.94 -1.79 + 1.78 0.17 £ 0.42 0.029

Values are presented as mean + standard deviation.
HFC = high frequency component; VR = virtual reality.

*Paired 7-test.

Table 4. The difference of subjective amplitude of accommodation with push up method and objective amplitude of accommodation

with autorefractormeter

Subjective Amplitude of Objective Amplitude of
Variable Eyes accommodation with Push up accommodation with Difference p—value*
method autorefractor

Pre VR (diopters) Dominant eye -7.81 £ 2.91 -2.66 + 0.91 -5.15 £ 2.44 0.000

Nondominant eye -7.45 + 2.88 -2.61 + 0.90 -4.84 +2.33 0.000
Post VR (diopters) Dominant eye -7.46 + 2.70 -2.56 + 0.94 -4.90 + 2.34 0.000

Nondominant eye -7.07 +£ 2.71 -2.68 + 0.93 -4.38 + 2.17 0.000
Values are presented as mean + standard deviation.
VR = virtual reality.
"Paired r-test.
Table 5. Questionnaire about presbyopia, experience of virtual reality device, 3D stereoscopic video, sickness
Question Answer

Yes No
Do you see things that are nearby or things that you need to see far away? 6 (18) 28 (82)
Do you use a magnifying glass? Or if you usually wear nearsighted glasses, do you take off your glasses and 2 (6) 32 (94)
watch the book?

Have you experienced virtual reality device in the last 3 years? 13 (38) 21 (62)
Have you experienced 3D stereoscopic video (movie, video, experience center, etc.) in the last 3 years? 17 (50) 17 (50)
Have you experienced sickness? 9 (26) 25 (74)

Values are presented as number (%).
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Table 6. Correlation between experience of presbyopia symptom and the change of result value before and after watching virtual real-

ity device

.. Answer *
Characteristic Eyes Yes (n = 6, 18%) No (n = 28, 82%) p-value
HFC1 (dB) Dominant 1.31 + 1.49 1.77 £ 1.22 0.442

Nondominant 16.6 + 16.72 4.92 + 18.12 0.109

HFC2 (dB) Dominant 1.77 £ 2.18 2.05 + 1.60 0.470
Nondominant 1.88 + 5.55 -1.78 £5.25 0.142

Total HFC (dB) Dominant 1.21 + 8.34 0.01 + 8.09 0.857
Nondominant -1.80 + 5.96 -2.29 + 5.77 0.892

Critical flicker fusion frequency test (Hz) Dominant 0.65 + 1.31 0.77 + 1.22 0.735
Nondominant 1.10 + 1.88 1.05 + 1.60 0.821

Subjective amplitude of accommodation with Push up Dominant 224 +7.22 0.22 +7.78 0.527
method (diopters) Nondominant 17.17 £ 17.71 6.99 + 15.50 0.130
Objective amplitude of accommodation with Dominant 0.20 + 0.39 0.08 + 0.44 0.484
autorefractormeter (diopters) Nondominant -0.03 + 0.41 -0.08 + 0.32 0.874

Values are presented as mean + standard deviation.
HFC = high frequency component.
*Mann—Whitney U test.

Table 7. Correlation between experience of virtual reality device in the last 3 years and the change of result value before and after

watching virtual reality device

Characteristic Eyes Answer p-value*
Yes (n = 13,38%) No (n = 21, 62%)

HFC1 (dB) Dominant 1.65 + 1.45 1.72 + 1.17 0.958
Nondominant 4.72 + 18.98 8.38 + 18.04 0.385
HFC2 (dB) Dominant 1.87 + 1.64 2.09 + 1.74 0.512
Nondominant -1.01 + 4.49 -1.21 + 6.01 0.915
Total HFC (dB) Dominant 0.61 +5.75 -0.02 + 9.28 0.986
Nondominant -0.50 + 6.11 -3.25 +£5.33 0.208
Critical flicker fusion frequency test (Hz) Dominant 0.73 + 1.32 0.76 + 1.19 0.901
Nondominant 0.94 + 1.61 1.13 + 1.66 0.632
Subjective amplitude of accommodation with Push up Dominant 2.04 + 6.00 -0.33 + 8.48 0.304
method (diopters) Nondominant 7.79 + 16.86 9.41 + 16.03 0.697
Objective amplitude of accommodation with Dominant 0.24 +£ 0.43 0.15 + 0.43 0.435
autorefractormeter (diopters) Nondominant -0.07 + 0.36 -0.07 + 0.32 0.736

Values are presented as mean + standard deviation.
HFC = high frequency component.
*Mann-Whitney U test.
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Appendix 1. Modified virtual reality symptom questionnaire.
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Appendix 2. Questionnaires on experience of presbyopia, virtual reality device and sickness.
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