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Purpose: To evaluate the clinical usefulness of a low vision aid using a virtual reality device (LVA-VR) in patients with low vision.
Methods: Forty low vision patients were enrolled in this prospective study. All subjects participated in a two-session LVA-VR
training course. The binocular best-corrected distance, intermediate, and near visual acuities (BCDVA, BCIVA, and BCNVA, re-
spectively) were measured, along with contrast sensitivity and reading performance, at baseline and after 2 weeks of LVA-VR
use. All subjects also provided a self-rated functional score (SFS) and completed a satisfaction questionnaire following the
study.

Results: Thirty-nine subjects (mean age, 54.6 + 22.7 years) completed the study. Significant improvements in BCDVA, BCIVA,
BCNVA, and contrast sensitivity were observed after 2 weeks of LVA-VR use (p < 0.001). Reading accuracy also improved sig-
nificantly (p = 0.027); however, the reading speed did not change. Subject functionality improved, as indicated by the increase in
the SFS (11.8 £ 4.5 vs. 19.6 £ 5.3) (p < 0.001). Most patients were satisfied with their visual function improvement and found
LVA-VR to be useful in their daily activities. No device-related adverse events were observed or indicated.

Conclusions: This study suggests that LVA-VR is beneficial for visual rehabilitation. Future technological advances are expected
to improve LVA-VR performance and acceptability further for a better quality of life in low vision patients.
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Figure 1. The low vision aid using virtual reality device (LVA-VR) that is capable of simultaneously performing multiple functions.
(A) The LVA-VR is composed of the VR head-mounted display, a smartphone, smartphone application software, and a remote
control. (B) Photograph of a patient wearing the LVA-VR. The operation remote is held in the patient’s hand. The VLA-VR can per-
form edge enhancement (C), text enhancement (D), image remapping (E, moves central images to a more peripheral location), and
color filtering (F). Each column begins with the original image and is followed by the enhanced images.
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Zpa YA AR AR Al e L AR
FA B ATLE 93] Aste] AgE gl xmm} 71 S

% At AT ST PelE 9B S 9T A, T Avks W + LEAAR A SPSS version
52 93t AIA, (A A, v 5) ELﬂﬂ A7, &2 2 20.0 (IBM Corp., Armonk, NY, USA)& AR8-5}of paired
71, G, AA 5 9AY 471, 24 27, F 6714 = student’s #-tests, independent z-test, Kruskal-Wallis test=
o] Z3}E| 9 o H(Fig. 2A), TR} AART} AFA Q] 3g BA3}9 L, p-valueZ} 0.05 Bt u EAZOo= -0t

S A 1AL ofel@)RE A S SUshA Ao wRshach
Rojsto] 40 FHE ATIE7F 715 HH T 3082

A Item No. Detailed Description None Moderately Greatly
1 I can recognize a face. 1 2 3 4 5
2 I can watch a TV or movie. 1 2 3 R 5
3 I can read a newspaper, book, or menu. 1 > 3 4 5
4 I can walk alone. 1 2 3 1 5
5 I can read distant signs or watch a clock. 1 2 3 4 5
6 I can write a letter. 1 2 3 4 5
For each item, patients were asked to complete the questions by circling the number most
appropriate to how they feel.
B Item No. Detailed Description
1 It is easy to use. 1 2 3 4 5
2 [ think low vision aid using virtual reality device would be a useful tool to aid 1 2 3 4 5

patients with low vision i daly hfe.

3 If available. I would buy low vision aid using virtual reality device. 1 2 3 4 5

(o]
Lad
.

-

4 I wound recommend low vision aid using virtual reality device to other patients |
with low vision

5 What should be improved?

For each item, except No. 5, patients were asked to choose a score from 1 to 5. where | mdicates strongly disagree; 2. disagree: 3
neither agree nor disagree; 4, agree; and 5. strongly agree.

Figure 2. An English version of questionnaire. (A) The questionnaire that was administered to obtain the self-rated functional score.
(B) The questionnaire that was administered to determine subject satisfaction.
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Table 1. Demographics and visual characteristics of study sub-

4
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Characteristic Value Z 4099 gxyE o -_TLoﬂ sttt 1959 2kxlofA

Qo brary) el 27| o] Avjstel, % 397 9] ww HEHoz A
ex (female .

Cave of low vison = ol ZHELE, BAkel S stk 84e)
Corneal disorder 2(5.1) B AL 54.6 + 22.7A4|(27-93A) 2.1, 237H(59.0%)2]
Retinal disorder 23 (59.0) sz} o Ao)ql). AAE o] 2ol Aslo =y zhat As)
Optic nerve disorder 11 (28.2) war As, AJAA A3k S cloRsl Asko] EabE9l
Glaucoma 3(7.7) S

Severity of low vision in the better eye 2274(56.4%) 2] ZFR}of A 04 AL 2Fo] A AA|Y 7| 3EE /\]——9—
Mild (BCVA>20/200) 14 (35.9) 5 #A3lo] 9loit).

Moderate (20/200 >BCVA>20/400) 8 (20.5) B B
Severe (BCVA < 20/400) 17 (43.5) TAA 714 o83t AAE 7] theksl 7]%0]
Low vision device users 22 (56.4) AAIE FxLe] AAYS oA AFEE Qo H, 391314 k48
Single device users N 19 % 30%(76.9%) 0] 4] 27) o]AFe] 7 g3ty ghat
Telescope for distance vision tasks 1 _
Magnifier for near vision tasks 13 e} 15 oju] x| & EH 7} 29%8(74.4%) 9] 2Rt A] 7]’ 3=
Portable electronic magnifier 2 L2 HEg AREE S 2031(51,3%)94 SRl A iw] 7
cerv. > % Jlisel, 10505 6%)2] $tolA 1Ale) 9 4
Multiple device users 3
Magnifier and auditory aid” 1 7]%50l, 478(10.3%) 9] ZEAtollA] M FE 7]5o] AREITh
Magnifier and telescope 1 A} AQua] 715-& ARgStot Hask A= gloloew, 7t
Magniier and CETY — 4 B9 715 2T olulA) Bfet o] Zx 713019k

Values are presented as mean + standard deviation or number (%).

BCVA = best-corrected visual acuity; CCTV = closed circuit

television.

"The auditory aid was a text to speech system.

Table 2. Visual functions before and after LVA-VR use for 2 weeks

Parameter Baseline’ LVA-VR p—valueT

Binocular logMAR BCVA (Snellen equivalent)

Distance 1.14 + 0.52 0.07 + 0.09 <0.001
(20/276) (20/23)

Intermediate 0.76 + 0.25 0.05 + 0.09 <0.001
(20/115) (20/22)

Near 0.79 + 0.34 0.06 + 0.10 <0.001
(20/123) (20/23)

Log contrast sensitivity 0.92 + 0.33 1.10 + 0.33 <0.001

Reading performance
Reading speed (words/minute) 115.4 + 97.0 106.9 + 74.5 0.162
Reading accuracy (%) 923 +£15.3 97.6 +£5.6 0.027

Self-rated functional score
Face recognition 14 +0.8 354 £ 13 <0.001
Television or movie watching 1.7+ 1.1 3.62 +£1.3 <0.001
Near readingi 1.4 +£ 0.7 336 + 1.3 <0.001
Walking alone 24+1.6 287 +13 0.087
Distance reading’ 26+ 1.6 413 + 1.3 <0.001
Letter writing 22+13 203 +£1.3 0.498
Total functional score 11.8 £ 4.5 19.6 £5.3 <0.001

Satisfaction score - 15.8 + 3.5 -

Values are presented as mean + standard deviation unless otherwise indicated.

LVA-VR = low vision aid using virtual reality; logMAR =

logarithm of minimum angle of resolution; BCVA = best-corrected visual acuity.

*Subjects were allowed to use their routine low vision aids during baseline measurements. Subjects used the LVA-VR during LVA-VR meas-
urements; 'statistical significance examined using a paired 7-test; ireading a newspaper, book, or menu; §reading distant signs or watching a

clock.
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