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[ Abstract] Objective To analyze the therapeutic effect of a virtual reality ( VR)-based accommodation
training device on accommodative excess visual fatigue. ~Methods A case-control study was conducted. A total of
20 normal subjects (20 eyes) and 20 patients with accommodative excess visual fatigue (20 eyes) were recruited at
Zhongshan Ophthalmic Center, Sun Yat-sen University between January and December 2022. The study consisted of
two phases. In the first phase, the effect of watching videos with VR glass on the subjects” subjective and objective

visual function was evaluated. Normal subjects wore VR device to watch a 2D video for 30 minutes, and assessments
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were performed before and after viewing. These assessments included binocular accommodation/convergence function
(‘accommodation response, accommodative convergence to accommodation ratio [ AC/A ]) , tear film function ( first
tear film break-up time) , subjective symptoms ( visual fatigue score) , and basic visual health parameters including
best corrected visual acuity ( BCVA) and intraocular pressure (IOP). In the second phase, the improvement in
subjective and objective visual fatigue metrics with the VR-based accommodation training device was investigated.
Patients with visual fatigue were divided into a traditional training group using traditional flipper lenses and a VR
training group using the VR accommodation training device, with 10 eyes in each group. The effects of the VR
accommodation training device on indicators such as accommodative sensitivity ,accommodation response, convergence
function, visual fatigue score, acceptability score,system usability score, BCVA ,jand I0P were evaluated and compared
between the two groups. This study adhered to the Declaration of Helsinki. The study protocol was approved by the
Ethics Committee of Zhongshan Ophthalmic Center, Sun Yat-sen University ( No. IIT2021007 ). Written informed
consent was obtained from each subject. Results  In normal subjects, there was no statistically significant
difference in first tear film break-up time, distance phoria,near phoria, AC/A ,accommodative response , BCVA or I0P
before and after 30 minutes of continuous viewing of 2D video using VR glass (¢=1.155,1.360,4.479,1.979,
-1.249,-3.017,2.211;all P>0.05). The visual fatigue score remained unchanged at (1.00+0.00) points before
and after viewing. Among the subjects with visual fatigue, there were statistically significant differences in binocular
accommodative sensitivity, dominant eye accommodative sensitivity, and BCVA before and after using the VR
accommodation training device ( F=8.693,4.078,4.942;all P<0.05). Ocular accommodation sensitivity at 8 weeks
after training was improved compared with 1 week after training, and BCVA at 4 weeks after training was improved
compared with before training,and the differences were statistically significant ( both P<0.05). In the VR training
group, the average tear film break-up time, first tear film break-up time,and BCVA increased and the visual fatigue
score decreased compared with before training, the differences were statistically significant (all P<0.05). In the
traditional training group, the accommodation sensitivity of the dominant eye increased after training compared with
before training,with a statistically significant difference (P<0.05). Conclusions Watching 2D videos with VR
glass for 30 minutes does not induce subjective or objective symptoms of visual fatigue. The VR-based accommodation
training paradigm effectively improves accommodative sensitivity and alleviates subjective symptoms of visual fatigue
in individuals with accommodative excess visual fatigue.

[ Key words] Virtual  reality; Asthenopia; Accommodation, ocular; Accommodation  training;
Accomodative flippers
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Figure 1 Schematic diagram of a VR accommodation training device and training paradigm A Patient wearing VR glasses
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Table 1 Comparison of indicators before and after using

a VR accommodation training device in normal subjects (xzs)

I ] %/ MR Bk TUTH A ] (s) IR CA ) JEFHERGECA) AC/A RN FarA L] BCVA R (mmHg)
WL R 20/20 15.40+4. 41 -0.54+0.87 -3.21%2.42  5.05+0.80  0.53+0.20  1.07£0.10  15.23%2.37
W 5 20/20 13.37+5.32 -0.80+0.92 -4.25%2.73  4.77x1.17  0.62+0.34  1.17+0.16  14.31x1.87
¢ 1.155 1.360 4.479 1.979 -1.249 -3.017 2.211
P Al 0. 300 0. 456 0.315 0. 486 0.382 0. 067 0.284

T (FCX ¢ 1658 )

Note ; ( Paired t-test)

®2 EFABER VRAT

VR MBS s AC/A P PE4E & 5 9715 LU s BCVA i AR IE 9L Ty

VR . virtual reality ; AC/A ; accommodative convergence/accommodation; BCVA ;best corrected visual acuity

1 mmHg=0. 133 kPa
1 mmHg=0. 133 kPa

TN R AL BT /E AR T BE S 4 bL 3% (xxs)

Table 2 Comparison of visual function parameters before and after using a VR accommodation training device

in individuals with visual fatigue (xzs)

P[] %50/ HR % LR 1 R AR F2 WL HR 9 R B (epm) W R E (D) WLE 55 PF 53 (43)
NI ) 10/10 3.57£1.51 3.67+1.37 0.62+0. 36 13.50+6. 28
UEN 10/10 5.14+2.54 3.83+2. 14 0.77+0.26 9.50+7.23
VEN=RY] 10/10 4.57+2.57 3.83+2.56 0.89+0.35 6.33+4.97
Ve =R 10/10 6.29+2. 87 6.33%3.72 0.59+0.22 6.83+6.94
W ZkJE 8 4 10/10 7.00£3.11° 5.71+2.87 0.71+0.43 4.86+5.30
F Al 8. 693 4.078 0. 890 2. 608
Pl 0. 002 0. 040 0.454 0.130
215 Bil%5/ HR %L 7 By (4)) R0 IS (45) BCVA iR E (mmHg)
e 10/10 - - 1.00£0. 18 12.72£1.59
NS 10/10 3.33+1.03 83.33+ 9.70 1.12+0.27 12.78+1.48
EN =R 10/10 3.33+1.37 78.75+17.59 1.07£0. 21 12.43+1.31
)5 4 10/10 3.67+1.86 77.5 +18.17 1.18+0.81" 11.65+1.03
)5 8 10/10 4.00£1. 15 77.86+23. 69 1.20+0.25 13.19£2. 12
F A4 1.091 0.228 4.942 0.546

P 1 0.361 0.793 0.016 0. 609

TS UNGRJG 1 A, P<0. 005 5 31 45 B b4 ," P <0. 005 ( 7 520 ik 8 [ % J7 2% 43 H7 , Bonferroni % iF % )

M- JeEPE 1 mmHg=0. 133 kPa

VR B 55 BOCVA : f (57 I

Note : Compared with 1 week after training,*P<0. 005 ; compared with before training," P<0. 005 ( One-way repeated measures ANOVA , Bonferroni correction )

VR :virtual reality; BCVA :best corrected visual acuity;—:no data 1 mmHg

=0.133 kPa
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Table 3 Comparison of visual function parameters before and after using a VR accommodation training device between

the VR training group and the traditional training group (xz=s)

-39 TH R A T[] () B UCTH R L 1] (s) AR RAPUE (cpm) LEAH X5 (D)
iRl %0/ IR %

lEi) IR 4 ] e i) R IR IR 4 )4 IR kI 4 )4
EGYIGRA 10710 15.88+3.49  19.05£3.87  12.42%5.31  16.01£5.24  3.33x2.07  7.50+2.66" —1.58+0.85 —1.54x1.69
VRIIZA  10/10  15.71+5.82  20.52+5.38" 12.29+7.23  18.49+7.40" 3.67+1.37  6.33%3.72  -2.67+0.68 -2.42x1.65

NPC (6-10 cm) 34 5 M 5550 (53) PRI (41) BCVA
451 %5/ IR %K

Y 4T IR 4 14 U] IR 4 14 YIZRHT R i) gk 4 34
%1% 4 10/10  6.08+2.04  8.19+3.00  12.00+4.00  9.17+5.56  80.83x11.69 69.58+ 7.49 0.93x0.16  1.03x0.15
VR IIZ4l 10710 9.93+4.80  9.83+4.84  13.50+6.28  6.83+6.94" 83.33x 9.70 77.5 £18.17  1.00x0.18  1.18x0.18"

TE 3 T R 2L ) 1 F = 0. 188, P=0.668; F iy =7.078,P=0.012; F iy =0.299, P =0. 588. B UK IH BE Al ZL 1 [ : F oy = 0. 340, P = 0. 564
Fipim =5.891,P=0.020;F gy =0.419,P=0.522. F MR P R Fyppy =0.254,P=0. 617 F 1y =17. 230, P<0. 0015 F gy =0. 842, P=0. 365.
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