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Abstract: There is a huge unmet need for eye care with more than a hundred million people living without basic eye care services and
facilities. There is an exigency to deploy adequate resources in terms of manpower and equipment to address this. The usage of smart devices
in optometry and eye care practice has been gaining momentum for last half a decade, due to the COVID-19 pandemic and technological
advancements in telemedicine. These smart devices will help facilitate remote monitoring of important visual functions, ocular signs and
symptoms, thus providing better eye care services and facilities and promoting outreach services. Smart devices in optometry exist in the
form of gadgets that can be worn in the wrist, and spectacle-mounted or head-mounted devices. On the other hand, with the ubiquitous nature
of smartphones, a large number of smartphone applications have been developed and tested for advanced optometry and primary eye care
practice, which may potentially reduce the burden of inadequate resources and the unmet need for eye care. This article aims to give an
overview of the current trends and future perspectives on the application of such smart devices in optometric practice.
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Introduction

The burden of visual impairment is expected to increase world-wide with estimated numbers to go as high as 9.8 billion
by 2050." The burden of vision loss is likely to surge from 0.24 billion in 2020 to 0.35 billion by the year 2050. The load
of near visual loss due to presbyopia will be about 1000 million by the year 2050.'

Providing better eye health is an important component of the Sustainable Development Goal (SDG) namely Good health and
well-being. Improving the eye health will have a positive impact and will help to improve several other SDGs including quality
education, employability and economic growth. Adapting mobile health and artificial intelligence-based technologies play a vital
role in improving eye health.” Use of mobile health is reported to be an effective eye care service delivery model.® In order to
ensure that people receive continuous eye care services, WHO has proposed a new model “Integrated People Centered Eye Care
(IPCEC)” that focuses on inclusive patient centric vision care to overcome the pitfalls in eye care delivery. Adopting Artificial
Intelligence-based technologies in eye care is suggested as an effective way to make the IPCEC model more vigorous.*

Optometrists, as primary eye care professionals, play a crucial role in providing universal eye health coverage through
refractive error management, diagnosis and timely referral. Alongside the delivery of universal eye health, it is essential
to stay abreast of the existing smart devices in optometry for having improved efficiency during clinical application.

Several systematic reviews and meta-analysis have been published earlier, which provide a summary of available
smartphone-based visual acuity applications and how to integrate them into clinical practice.”®

This article provides an overview of the features as well as the uses of the available smart devices in optometry
including the smartphone-based apps as well as the wearable device technology that can be integrated into primary eye
care practice by optometrists for visual acuity screening, diagnosis of ocular conditions and low vision rehabilitation.
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Smart Devices for Optometry and Eye Care
Smart devices for primary eye care can be broadly classified into smartphone-based technology and wearables and this
review will focus on the same as indicated in the flow chart (Figure 1).

Smartphone Based Technology

A multitude of applications (apps) are available in both Google Play Store and Appstore for optometric practice including
those for testing important visual functions namely visual acuity, colour vision, contrast sensitivity and visual fields as
well as for other clinical measures.® These apps can be categorised in to single featured, multi-featured, eye exercise, eye
protection and eye care, dispensing and education apps. Single featured apps are those that incorporate tests for single
clinical parameter, for example, visual acuity. Multifeatured apps are those that combine tests for more than one clinical

parameter, for instance, visual acuity, color vision and contrast sensitivity.

Vision Screening Apps
The vision screening apps were searched on the online iPhone and Android store. The search terms included “visual acuity”,
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“vision screening”, “eye screening”, “‘eye examination”, “eye test”,

99 <,

vision app”, “vision chart” and “eye test chart”. Articles on
validated apps were obtained through literature search in “PubMed”, “Scopus” and “ResearchGate” and the keywords included,
“visual acuity” OR “vision screening” OR “refractive error’” AND “smartphone apps” OR “mobile apps” OR “validated apps”
OR “development of vision apps”. The apps were downloaded in the smartphone and the features were reviewed.

Among the vision screening apps, majority of them have been designed to assess the distance visual acuity with or
without near visual acuity test. These apps can be used for home monitoring, community outreach activities such as
vision screening and in routine clinical practice. Since few have been validated, the remainder of the apps needs to be
validated through clinical studies. The clinically validated distance and near visual acuity apps are summarised in
Tables 1 and 2 respectively and those that are not validated in Table 3. This review will focus on the clinically
validated apps for distance and near vision testing.

Smart devices in
Optometry & Eye care

Smart-phone based

Wearable devices

technology
Vision Screening Refractive error
B apps correction
. , Myopia
D'aQnOSt'C app§ monitoring &
—Anterior & Posterior management
segment
Low vision
Low vision rehabilitation
rehabilitation apps
Figure | Flow chart showing the classification of Smart devices in Optometry and Eye Care.
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Table |

Clinically Validated Smartphone Apps for Testing Distance Vision

S.No

Name of
the app

Clinical
Measure

Distance/
Near/
Both

Free/
paid

Platform

Age
(in years)

Charts/
Optotype

Main Results

Eye chart’

VA

Both

Free

iOS

18-27

Snellen

chart

Mean VA (logMAR):

App: —0.09 + 0.07;

Snellen chart: —0.13 + 0.08 (p=0.0003);
ETDRS chart: —0.11 + 008 (p=0.076)

Eye Chart

Pro'®

VA,
duochrome,
Amsler
Grid etc

Distance

Free

iOS

>8

ETDRS

Mean VA (logMAR) — Al participants:
App: 0.53 £ 0.42

ETDRS chart: 0.53 + 0.42, p = 0.98
Mean VA - Normal sighted group:
App: 0.20 £ 0.10;

ETDRS chart: 0.12 + 0.12, p = 0.006
Mean VA - Partial sighted group:
App: 0.81 £ 0.38;

ETDRS chart: 0.88 + 0.39, p < 0.0001

AAPOS
Vision
Screening
App"

Visual

Acuity

Distance

Paid

iOS (iPad)

LEA

symbols

Measurement by parents:

Sensitivity (Right & left eyes): 86.6% and
79.5% respectively

Specificity (Right & left eyes): 78.9% and
71.8% respectively

Measurement by Ophthalmologists:
Sensitivity (Right & left eyes): 82.1%
Specificity (Right & left eyes): 81.3% and
and 76.9% respectively

Test reliability:

App — Parent Vs Ophthalmologist:
Cronbach’s alpha = 0.96 for both RE & LE;
p< 0.0001

App Vs Lea symbol chart:

Parent Vs Optometrist:

Cronbach’s alpha = 0.86 for both RE & LE
Optometrist Vs Ophthalmologist:
Cronbach’s alpha = 0.89 and 0.86 for RE &
LE respectively: All p < 0.001

PEEK

acuity'z‘ 13

Visual

acuity

Distance

Free

Android

255
3-17

Tumbling
E chart

Mean VA difference (logMAR):
App Vs Snellen chart: 0.08

(95% Cl: 0.06-0.10)

App Vs ETDRS chart: 0.07

(95% Cl: 0.05-0.09)

Sensitivity:

Reduced VA: 83% to 86%

Referral: 69% to 83%

Vis-
14,15

screen

VA

Distance

Free

Android

Tumbling
E chart

Sensitivity: 88.4% (6/12 VA cut—off
point)

Specificity range: 95% - 99% (all VA
cut-off points)

Area under the curve: 0.90 (all VA
cut-off points)

Abbreviations: VA, Visual acuity; CS, Contrast sensitivity; RE, Right Eye; LE, Left Eye.
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Table 2 Clinically Validated Smartphone Apps for Testing Near Visual Acuity

S.No | Name of Clinical Distance/ Free/ Platform | Age (In Charts/ Optotype Main Results
the App Measure Near/ Both | Paid Years)
| NYU Visual Acuity Near Free Android 218 Numbers Mean VA difference:
Langone Eye & iOS i0S: 0.024 + 0.35 logMAR
Test'® Android: 0.016 + 0.36 logMAR
2 Eye Hand VA, Both Free Android 18-89 Snellen and paediatric Mean near VA:
Book'” Calculators & iOS optotype for distance VA | App: 0.14 % 0.13 logMAR
and eye and Near vision chart: 0.23 £ 0.19
education Jaeger notation for near logMAR (p< 0.0001)
VA Bland-Altman analysis:
Mean VA difference: 0.11 logMAR
(95% ClI: —0.08 to 0.27)
3 Eye chart'® | VA Both Free | iOS 18-85 Snellen chart Mean VA difference:
0.04 + 0.10 logMAR (95% CI: —0.16
to 0.24 logMAR)
4 SmartVision Near Near Free iOS 220 Landolt C Bland-Altman analysis:
Check'? Functional VA Mean VA difference: 0.03 logMAR
(95% Cl: —0.01 to 0.06)
5 e-MOVAZ VA Near Free Android 3-8 Tumbling E chart Mean VA difference:
RE: —0.06 logMAR
(95% Cl: —0.48 to 0.36)
LE: —0.01 logMAR
(95% Cl: —0.40 to 0.38)
6 OdySight** VA, CS, Near Free Android 28 Tumbling E chart Mean VA difference:
Amsler Grid & i0S App vs near chart: 0.53 letters
etc,, (95% CI: 10.82 letters to —9.75
letters)
7 Smart VA, CS, Both Free & | Android 55; 5-16 Tumbling E chart Mean VA: App: 0.13 + 0.2 logMAR;
optometry® | Amsler Grid, Paid & iOS Near chart: 0.12 + 0.2 logMAR
etc,, (p=0.024)
Mean VA difference: App vs near
chart: 0.018 logMAR (95% Cl: 0.002
to 0.034)

Abbreviations: VA, Visual acuity; CS, Contrast sensitivity.

Table 3 Smartphone Apps for Vision Screening (Not Validated)

S.No | Name of the App Clinical Measure | Distance/Near/Both | Free/Paid | Platform

| Snellen chart Visual acuity Distance Free Android & iOS

2 Eye test eye exam: vision test Visual acuity Distance Free Android

3 Eye exam Visual acuity Distance Free Android

4 Visual acuity charts Visual acuity Distance Paid Android & iOS

5 Eye vision: Boards Check Tests | Visual acuity Distance Free Android

6 Easy Vision Exam Visual Acuity Distance Free Android

7 Visual Acuity Remote Visual Acuity Distance Free iOS

8 eETDRS Visual Acuity Test Visual Acuity Distance Free iOS

9 HOTV Visual Acuity Test Visual Acuity Distance Free iOS
(Continued)
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Table 3 (Continued).

S.No | Name of the App Clinical Measure | Distance/Near/Both | Free/Paid | Platform
10 Visual Acuity Test on App! Visual Acuity Distance Free iOS
I Eye Test — Visual Acuity Visual Acuity Distance Paid iOS
12 UbiVision Visual Acuity Visual Acuity Distance Free iOS
13 E-Y-E-Check Visual Acuity Distance Free iOS
15 VisionC (ETDRS Visual acuity) | Visual Acuity Both Paid iOS (iPad)
16 EyeSpy 20/20 Visual Acuity Both Paid iOS

Distance Vision Testing Apps
The distance visual acuity measured using some of these apps has been validated against the standard clinical measure
from Snellen and/or the ETDRS after converting into logarithm of Minimum Angle of Resolution (logMAR) value.

Eye Chart App developed for i0S, is an iPhone app that measures both distance and near vision. To test distance vision,
the app presents Sloan letter at 4 ft (1.2m) distance and gives visual acuity in Snellen metric notation. This app has been
validated against Snellen and ETDRS chart in 24 young adults aged 18-27-year-old. After conversion to logMAR value,
the distance visual acuity measured using the Eye Chart app (—0.09 + 0.07 logMAR) differed from the Snellen measure
(—0.13 £ 0.08 logMAR, p = 0.0003), but was similar to the ETDRS measure (=0.11 + 0.08 logMAR, p = 0.076).°

Eye Chart Pro is an extended version of the Eye Chart app that is available as iPad version and includes useful charts
like ETDRS, Sloan, Snellen and HOTV. The ETDRS chart available in the app was tested and validated against the
ETDRS chart in 25 normal sighted patients (mean age: 71.5 + 10.7 years) and 26 low vision patients (mean age: 65 +
19.7 years). The testing was done at 4m for the normally sighted group and 1m for the low vision group. The mean
logMAR visual acuity measured using the app (0.53 £ 0.42) and ETDRS chart (0.53 £ 0.42) was the same for all
participants (p = 0.98). Although a difference was seen in the mean visual acuity measured from the app and the ETDRS
within the normally sighted participants (App: 0.20 + 0.10; VA ETDRS: 0.12 + 0.12, p = 0.006) as well as with in the low
vision group (VA App: 0.81 £ 0.38 Vs VA ETDRS 0.88 = 0. 39, p < 0.0001), the absolute difference in visual acuity was
not significantly different between the app (0.11 + 0.07) and ETDRS chart (0.11 £ 0.07). The app overestimated the
vision among normally sighted participants, whereas it underestimated the vision among participants with low vision.
Hence, results should be interpreted with caution while testing normally sighted individuals and low vision patients using
the app in clinical settings.'’

AAPOS vision screening App is an iOS-based app developed by the “American Association for Pediatric
Ophthalmology and Strabismus (AAPOS)” and available for testing in iPad. This app was developed to screen preschool
children aged 3—6 years for reduced visual acuity, in particular for home-based screening. The app consists of Lea
symbols chart and a Sloan chart and the testing distance is 3m. The Lea symbol chart of the app has been validated
against the LEA symbol chart in 5-6-year-old pre-schoolers (n = 195). Visual acuity was measured by parents, trained
ophthalmologists and optometrists and measurements across examiners were compared. The app had a sensitivity of 79%
to 86% and a specificity of 72% to 79% for identifying visual impairment when administered by parents. It also provided
a highly repeatable measure of visual acuity (Cronbach’s alpha > 0.71, P < 0.0001) across multiple examiners, viz,
parents, Ophthalmologists and Optometrist.''

PEEK acuity is an Android-based app that is yet another widely used app for vision screening. It consists of tumbling
E that is projected in an Android tablet at a testing distance of 2m. This app has been validated against Snellen and
ETDRS charts among 300 adults aged 55 years and above, in the “Nakuru Eye Disease Cohort Study”.'* The visual
acuity measured using the app was in agreement with that of Snellen and ETDRS with a mean difference of 0.08
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logMAR (95% CI: 0.06-0.10) and 0.07 (95% CI: 0.05-0.09), respectively. The app also showed a minimal test—retest
variability of within 0.033 logMAR, with a minimal training and a faster test duration of about a minute.

PEEK acuity app has also been validated in a Randomized Controlled Trial among three to-17-year-old children (n = 111)
against the standard ophthalmological examination for visual impairment and referral. The PEEK acuity app showed an
overall sensitivity of 83% to 86% for reduced visual acuity and 69% to 83% for ophthalmic referral.'®

Vis-Screen app is an Android app that was developed for screening visual impairment and blindness among children by using
an algorithm based on specific visual acuity cut-off points viz., 3/60, 6/60, 6/18 and 6/12 to screen for different grades of visual
impairment.'*'> The app is available for Android smartphones and tablets and displays Tumbling E optotype. The testing
distance is 1.5m for smartphones and 3m for tablets. When pilot tested among children aged 4 years and younger, the app gave
a highest sensitivity of about 93% for the 6/12 visual acuity cut-off point, with a specificity higher than 89% for all cut-off
points.'* In a further study among children aged 4 years and younger (n = 408), the app yielded a sensitivity of 88.4% for the
visual acuity cut-off point of 6/12, which decreased to about 82%, 65%, and 56% respectively for 6/18, 6/60 and 3/60 cut-off
points. However, the app yielded a specificity ranging between 95% and 99% for all cut-off points. The AUC (Area Under the
Curve) was greater than 0.90 for all visual acuity cut-off points, showing that this app is a valid test for screening visual

impairment and blindness."”

Near Vision Testing Apps
For near vision testing, some of the clinically validated apps are the Langone app, Eye Hand-book, Eye Chart near visual
acuity app, Smart Vision Check, and e-MOVA app, OdySight and Smart Optometry.

Langone Eye test app was developed by the New York University’s Langone Health Medical Centre and is available
in both i0OS and Android versions. It tests near visual acuity at a distance of 14 inches using numbers. This app was
validated against the standard Rosenbaum near point card among 125 adults aged 18 years and older. Both the iOS and
Android versions of the app showed a good agreement with the Rosenbaum near vision with a mean difference of 0.024
+0.35 logMAR and 0.016 =+ 0.36 logMAR respectively for iOS and Android versions.'®

Eye Hand Book app was developed by the “American Academy of Ophthalmology” and is available for both i10S-and
Android platforms. It consists of several eye tests including those for distance and near vision, contrast sensitivity and
colour vision. The testing distances are 10 ft and 14 inches respectively for distance and near visual acuity testing. The
near vision test of this app was validated against Rosenbaum near point card in 100 subjects aged 18—89 years. The mean
near visual acuity measured using the app (0.14 £ 0.13 logMAR) and the Rosenbaum near point card (0.23 + 0.19
logMAR) were significantly different (p < 0.0001). Bland-Altman analysis showed a significant difference between the
two tests with a mean difference of 0.11 logMAR (95% CI: —0.08 to 0.27), with the app overestimating the near vision by
about one line."”

Eye Chart near visual acuity app (described earlier under distance visual acuity app section) has also been validated
against the near visual acuity measured using the Rosenbaum chart at 40 cms among 151 adults older than 18 years
(mean age: 64.3 £ 12.5 years). The app showed a good agreement with the Rosenbaum near chart with the visual acuity
differing by about 0.04 = 0.10 logMAR (95% CI: —0.16 to 0.24 logMAR), indicating a two letter mean difference.'®

Smart Vision Check is an exclusive, i0S-based app for testing Near Functional Visual Acuity (NFVA) in presbyopes.'’
Functional visual acuity represents the mean measure of visual acuities measured across a specific time frame, rather than
a single measure. It is a good indicator of visual performance in daily tasks and helpful in measuring vision quality.”* > It
displays a landolt C optotype in iPhone and the patients are required to detect the direction of the landolt ring. This app
measures visual acuity at a distance of 40 cms, over 60s timeframe and automatically computes the near functional visual
acuity. Near Functional visual acuity measured by this app was compared to the measures from Kowa AS-28, a table top
device for NFVA measurement among 115 participants (mean age: 42.5 + 10.8 years)."” There was a good agreement
between the two methods, with an average visual acuity difference of 0.03 logMAR (95% CI —0.01 to 0.06), with limits of
agreement within + 0.34 logMAR.

eMOVA, the “Electronic Measurement Of Visual Acuity” app developed by researchers at the University of Strasbourg, is
an Android-based app that tests the near visual acuity in paediatric group (3—10 years). It uses tumbling E optotypes and the
testing distance is 40 cm. This app was validated among 3 to 8-year-old children (n = 96) against the Rossano Weiss test,
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a paediatric near point card consisting of tumbling E optotypes, numbers and pictures. The average visual acuity difference
between the two tests was —0.06 logMAR (95% CI: —0.48 to 0.36) and —0.01 logMAR (95% CI: —0.40 to 0.38) in the right and
left eyes,” indicating a 3-letter difference in right eye and less than a letter difference in the left eye.

OdySight is a smartphone medical application tool that works on both Android and iOS platforms. It consists of
distance and near vision tests along with contrast sensitivity test and Amsler grid. It uses tumbling E optotype and has
been validated against the standard ETDRS near chart at 40 cm among 78 participants aged 18 years and older.
Participants were divided into three cohorts based on the near visual acuity: Cohort 1: LogMAR 0.7 to 1.0; Cohort 2:
LogMAR 0.3 to 0.6 and Cohort 1: LogMAR 0.00 to 0.2. The mean difference in visual acuity was about 0.53 letters
(95% CI: 10.82 letters to —9.75 letters).>* Although the mean difference agreed well with ETDRS chart, the agreement
limits indicate that the app either overestimated or underestimated the visual acuity in some participants in cohorts 1 and
2, with reduced near visual acuity; sub-group analysis revealed a good agreement between the two tests in cohort 3 with
normal near visual acuity. Thus, caution should be taken while using this app for patients with near vision impairment.

SMART Optometry App is available in both Android & iOS versions and consists of multiple optometric tests
including visual acuity, Amsler, contrast sensitivity and colour vision tests. It tests the near visual acuity in decimal point
at 40 cms. The near visual acuity test from this app was validated against standard near vision chart in 5-16-year-old
children (n = 100). The mean difference in near vision between the two procedures was 0.018 (95% CI, 0.002—0.034),
with the app giving statistically higher near VA (0.13 £ 0.2 logMAR) compared to the near chart (0.12 £ 0.2 logMAR;
p = 0.024) VA with the “Smart Optometry” app, underestimating by 2 letters on an average. The overall sensitivity of this
app to detect reduced visual acuity was 89.3% with a maximum sensitivity of about 90% and 92% among children aged
5-8-years and 9—12-years, compared to 80% in the older children aged 13—16 years However, the overall specificity to
detect reduced visual acuity was only about 69.4%, with the highest specificity of 80% in the older children compared to
the 57% in 5 to 8 year old and 75.9% in 9 to 12 year old children.”

Smart Diagnostic Tools for Anterior & Posterior Segment

A comprehensive search of English-language studies up to November 10, 2023, was performed on Google Scholar,
Scopus, Web of Science, PubMed, Medline, and Embase. The key terms used were “Smartphone apps”, “Virtual reality”,
“Augmented reality” and “Smart devices”.

The field of ophthalmology has witnessed multifold innovations in the form of smart devices that assist in the clinical
evaluation of patients and diagnosis at a tertiary eye care center, in screening, imaging and image analysis. Smartphones
have been utilized in the identification of keratoconus. The technology involves capturing reflected corneal images of the
Placido’s disc and acquiring images of corneal topography as well as tomography for identifying any stage of
keratoconus. The abnormal images can then be transferred to the main server for review and advice by physicians at
the base hospital. The advantage of this detection method is the convenient portability of the device, particularly useful
for screening adolescents and young adults during school screenings.®

Smartphones can also be clipped to slit lamps and optical coherence tomography (OCT) to enable real-time
examination of ocular structures, anterior and posterior segment imaging. They are equipped with real-time screen-
sharing without having the ophthalmologist attend in person. The only exception is that, in the absence of a slit lamp,
there is a need for a 20-D lens to examine the fundus of a patient. The image can then be captured onto the smartphone or
the iPad and saved or transferred to the health care physician. In conclusion, smartphones and i-pads have brought
phenomenal growth to hand-held imaging, portability, and sharing of data.?’

Home Monitoring Devices

Several ophthalmic devices are utilized in various applications, aiding in the detection or monitoring of ocular conditions.
The recently developed IOPerfect allows for home monitoring of patient intraocular pressure (IOP) without the need for
a local anesthetic. In contrast to various IOP-measuring techniques available, this technique is contactless, takes lesser
capturing time, and is not affected by the corneal thickness. Mild air pressure is applied to the patient’s cornea from
a headgear, while the difference in the blood vessels to the applied pressure is captured by a micro-video camera. The

data are transferred internally to the physician for review.?®
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Home-based optical coherence tomography (OCT) systems have also emerged that incorporate Artificial Intelligence
technology. These provide a quantitative assessment of fluid accumulation in the retina that provides reports to the
physicians, who can monitor various stages of the disease. Graphical outputs are provided that present data for

comparison at various time points.*’

Smart Phone Apps for Low Vision Rehabilitation

In recent years, the development of smartphone-based technology has been advantageous to visually impaired people.
These smartphone apps work on human-computer interface and are easily portable, cost-effective and pose less social
stigma.®® Smartphone assistive technology promotes social inclusion, and independence of the visually impaired thus
enhancing their quality of life.*' Smartphone with accessible interface helps the visually impaired to perform their
activities of daily living to a great extent.’

Smartphone devices have inbuilt accessibility features which helps their visual disabilities.***' These accessibility
features are available both in Android and iOS smartphones.®' Inbuilt accessibility features are talkback which reads
what is in the screen by touch screen technology; for example, reads the name of the icon on the screen. Magnification
feature zooms the display screen. Invert color is useful for those who cannot read with a white background with black
letters. Font size can be increased and it can be made bold. The most commonly used accessibility features are talkback
and voiceover.*> The accessibility features are also available in applications.’

EERNT3

The low vision apps were searched on play store and App store. The search terms included, “low vision apps”, “visual

EERNT3 9 " EEENTS

impairment”, “blindness app”, “navigation app”, “color identification”, “currency identification app”, “braille app”,
“magnifier app”, “reading app”, “object identification app”, “day to day activities” and etc. Information of these apps
were also obtained through literature search in the following databases: “PubMed”, “Scopus”, “Cochrane”,
“ResearchGate” using the keywords, “low vision” OR “visual impairment” OR “blindness” AND “smartphone apps”
OR “vision enhancement app” OR “day to day activities app” OR “validated apps” OR “development of apps”. The apps
were downloaded in the smartphone and the features were reviewed.

A variety of smartphone apps are available in play store and app store for the visually impaired (Tables 4 and 5).
Using these apps, the visually impaired can identify currency and color, recognize and read text, locate objects, and
navigate safely. Some apps are freely available whilst some require a subscription fee. These apps are either single
featured, i.e, can be useful only for performing single task or multifeatured, i.e, can be used for performing multiple
tasks. Few apps like “Be My Eyes” and “Kibbo” enable the individual to be independent through interaction with sighted
peers.>? These Smartphone apps are similar in functionality to a conventional low vision device and enable the visually
impaired people to perform their daily living tasks without any limitations.

“Multifeature” apps are useful for multiple tasks while performing activities of daily living (e.g. Finding objects, text
recognition, face recognition) (Figure 2). They combine an artificial intelligence-based technology that enables face,
color, object and text recognition (OCR — Optical Character Recognition) and generate a voice output of what is seen,
thus enabling the visually impaired people to look around the world and explore the surroundings. Some of these apps
also help in currency identification and offer reversed contrast polarity along with magnifying the text.

This review describes four multi-featured apps that are more commonly used by the visually impaired patients and
have been rated to be most useful.****

Seeing Al is an app that harnesses the power of Artificial Intelligence that helps the visually impaired people to see the
world through voice narration. It is freely available for both Android and iOS smartphones. It assists them in a variety of daily
living activities including face recognition, currency identification, reading printed documents and scanning barcodes.

Be My Eyes app assists the visually impaired people with daily living activities by connecting them to sighted
volunteers who guide them in performing the daily tasks. It is freely available for both Android and iOS smartphones.
The sighted volunteer receives notification upon request by the visually impaired individual for assistance through the app.
The app then connects the visually impaired person with a volunteer, who receives live video feed through the user’s

smartphone camera along with audio connection to complete the task together.
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Table 4 Single Featured Smartphone Apps for Low Vision Rehabilitation

S.No | Name of the App Features Free/ Paid | Platform

| Lazarillo GPS for blind Navigation Free Android

2 Get there Navigation Free Android

3 WeWALK Navigation Paid Android & iOS

4 Blind Square Navigation Paid iOS

5 Color identifier Color identification Free Android

6 Color Blind Pal Color identification Free Android & iOS

7 Color Blind Click: Color Picke Color identification Free Android

8 Color Vision Helper Color identification Free Android

9 Spectra: Color — Blind Assistant Color identification Free Android

10 Daltonic Pointer — color name Color identification Free Android

11 Color Mate — Color blind help Color identification Paid iOS

12 Cash reader Currency identification Free & paid | Android & iOS

13 MANI- Mobile aided identifier (RBI) Currency identification Free Android

14 MCT money reader Currency identification Free & paid | Android

15 LetSee Cash reader, card recognizer Paid Android & iOS

16 EyeNote Identify currency (U.S) Free iOS

17 Braille Text to Braille and vice versa Free Android

18 ASB Braille Keyboard Braille keyboard Free Android

19 Our Braille Text to Braille Free Android

20 Braille Text Translate the braille Free Android

21 VOICEYE Text to speech Free Android

22 Pocket magnifier with LED Magnifier Free & paid | Android

23 Magnifying Glass Magnifier Paid Android

24 Magnifying Glass + Flashlight Magnifier Paid Android

25 Magnifier Magnifier Paid Android

26 Seeing Assistant Magnifier Magnifier Free iOS

27 Magnifier + flashlight Magnification, light mode, capture function, invert mode Free Android

28 Read for the blind Reading audio books, magazines, newspaper, short articles Free & Paid | Android & iOS

29 InstaReader Reading books, PDF, text Paid Android

30 OneStep Reader Reading PDF, images, text etc. Paid iOS

31 Blind web reader Text to speech system (website and links) Free Android

32 Dolphin easy reader Read text, audio books, magnified text, braille reader Free & paid | Android

33 NavilLens Read from long distance Free Android & iOS
(Continued)
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Table 4 (Continued).

S.No | Name of the App Features Free/ Paid | Platform

34 Kibo: accessibility for all (Blind & Capture to read, read documents, audio books, audio players, | Free & Paid | Android
Low-vision) music, open E- book library, note taker, audio note taker

35 Magnifier plus with flashlight High magnification, Flashlight for low light situations, zoom and | Free Android

exposure control, negative contrast mode

36 weZoom - magnifier and low vision Smooth magnification up to 8x, color filter modes for high Free Android
aids contrast, manual focus and auto focus
37 Visor - low vision magnifier Magnification, color modes, manual focus and auto focus Free Android & iOS
LED light
38 Tap Tap see Identify object Free & paid | Android

Table 5 Multifeatured Smartphone Apps for Low Vision Rehabilitation

S.No | Name of the App Features Free/ Paid | Operating
Platform
| Seeing Al Reading, face recognition, scan barcodes, currency identification Free Android &
iOS
2 Be My Eyes Sighted people to guide visually impaired to do activities of daily Free Android &
living iOS
3 Lookout Google Exploring, scanning food labels, identifying currency, recognition of | Free Android

objects, color and faces

4 Sullivan™ (Blind, Low vision) Al mode, reading, magnifier, face recognition, color recognition, Free Android &
description of an image iOS

5 Sullivan lite Face recognition, reading the text, image description, and Free Android
magnifier

6 MyEyes Reading, image description, recognition of objects, color and faces | Free Android

7 Envision Al Text recognition, face recognition, describe scenes, conversion of | Free Android &
PDFs to image, color detection, reading complex documents and iOS
letter

8 AudiVision Smart text, expiry date, safety, mask detector, crowd detector, Free & paid | Android

find text, document, voice commands and feedback

9 Seeing assistant home Barcode and QR code scanner and generator, detection of light Free Android &
source, electronic loupe, dropbox integration, text detection, iOS

maghnification

10 Supersense Reading, finding objects, explore places, scanning currency, Free & Paid | Android &
scanning barcodes iOS
I The voice for android Augmented reality (sensory substitution), talking OCR, talking Free Android

color identifier; talking compass, talking face detector, talking GPS

locator

(Continued)
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Table 5 (Continued).

S.No | Name of the App Features Free/ Paid | Operating
Platform

12 RightHear - blind and visually Orientation in new and familiar environment: Free Android &
impaired assistant Indoor mode, outdoor mode, public transportation iOS

13 Blind reader Currency detection, text recognition, translation of text Free & Paid | Android

14 Vision: for blind people Reading, object and currency identification Free & paid | iOS

15 Genarus Object & text recognitions, currency identification Free iOS

16 Super Lidar — Lidar for Blind Locate people in the surroundings and mask detector Free iOS

17 Blind helper Read from image, detect text and objects Free Android

Lookout Google Application is a multipurpose app for object identification in the surrounding, text and document

reading and currency identification. The app scans the features of the specific object and provides a voice output using

the in-built audio technology.

Sullivan + Application is an artificial intelligence-based multipurpose app for text and face recognition, colour

identification, magnifier, and exploring the surrounding. The app produces a voice output of what is seen, through its

integrated audio assistant.

Wearable Device Technology in Optometry

A major portion of optometry deals with the detection, correction, and treatment of refractive error, with about one-fourth

of the research on refractive error conducted to understand the etiology and management of myopia.>> An increasing

trend of myopia prevalence is noted across the globe.’*>* With the technology evolving rapidly, several innovations

were developed to monitor the risk factors associated with myopia as well as for the management of myopia. This section
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Figure 2 Multifeatured app showing (a) different operating modes (b) colour identification, (c) object identification and (d) currency identification features.
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of the review will focus on wearable devices that have applications in the correction of myopia, monitoring the
environmental risk factors associated with myopia, and myopia management.

The literature search in PubMed yielded 63 results using the following search index: ((“myopia*”[Title/Abstract]) OR
(“myope*”[Title/Abstract]) OR (“nearsight*”[Title/Abstract]) OR (“near-sight*“[Title/Abstract]) OR (“shortsight*”[Title/
Abstract]) OR (“short-sight*”’[ Title/ Abstract]) OR (“refractive error*”’[Title/Abstract])) AND ((“‘wearable*”[Title/Abstract])
OR (“sensors”[Title/Abstract]) OR (“trackers”[Title/Abstract])). The last date of the search was 31st August 2023. We
included the studies or review articles that investigated or discussed the non-spectacle wearable devices, that are either
used or have the potential to correct, monitor, or manage myopia. Based on the title and abstract, 21 articles seemed relevant to
the purpose of our review that reported 3 wearable devices that have the potential to correct refractive error while 10 devices
are used to monitor the risk factors and manage myopia. From these articles, the details on the wearable devices pertaining to
their features (name of device, developer, size, weight, location, battery life, components of the device, parameters obtained by
device, range of measurement, sampling time) were extracted, in addition to information about their validation against the
standard device and subsequent application, if available. Apart from the articles/devices obtained through the search, we
included the information based on our collective a priori knowledge.

Wearable Devices for Correction of Refractive Error

To combat the barriers of uncorrected refractive error such as the cost of spectacles and a dearth of experienced eyecare
practitioners in limited resource settings, self-adjustable spectacles were developed.*®** Self-adjustable spectacles have
variable foci that can be adjusted to measure as well as correct the refractive error. Additionally, to monitor and improve
spectacle compliance, especially in amblyopia management, temperature-based spectacle wear time sensors were also
developed. The current section describes the current application of these devices in refractive error which have a potential
in myopia management as well.

Self-adjustable spectacles are based on two designs: fluid-filled variable focus technology (AdSpecs, Adaptive Eyecare
Ltd, UK) and Alvarez’s design (Adlens, Adlens Ltd, UK, and FocusSpecs, Focus On Vision., Netherlands). AdSpecs consists
of two thin surfaces that are separated by a fluid and secured in a frame. The fluid is contained in the pumps that are fixed to the
spectacle frame and the fluid volume between the surfaces can be controlled by an adjustment wheel connected to the pump.
The curvature of the surfaces and the fluid volume determines the best lens power that can correct the spherical refractive error
within £6 D. Adlens and FocusSpecs feature two lenses made of polycarbonate materials that can slide up to 3 mm and 6 mm
respectively, using knurled adjustment screw drives to produce optimal refractive correction. Adlens can correct spherical
refractive errors ranging between —6.00 and —3.00 D while correction within a range of +0.50 D to +4.50 D and —1.00 to
—5.00 D is possible using FocusSpecs. Visual acuity is reported to be better than 20/25 in the majority of the individuals with
the self-adjustable spectacles.*’ ™ Self-refraction performed with these spectacles was found to be within =1 D of cycloplegic
refraction for the majority of the individuals, with an inclination of outcome towards more negative spherical refractive error
with self-adjustable glasses.*' ™

Spectacle wear time sensors are the temperature-based microsensors, commercially available for recording wear
time in various fields such as orthodontics, ophthalmology, orthopedics, and thermo-sensitive logistics. Among these
sensors, the application of TheraMon (MC Technology GmbH, Austria) and Smart Button data logger (ACR Systems
Inc., Canada) was noted in the field of eye care to track spectacle compliance. Both these sensors are typically affixed
to the temple of the eyewear, ensuring direct contact with the skin, and recording the temperature at a desired interval.
The spectacle wear and removal time are determined based on the sudden change in temperature in either direction and
are found to have good agreement with the self-reported spectacle wear.***° SpecsOn monitor is a spectacle-mounted
sensor, specifically developed for determining spectacle compliance. It is equipped with two temperature sensors,
enclosed in a skin-safe silicone casing. One sensor is for measurement of the skin temperature and is directed towards
the wearer’s temple while the other sensor is for recording device temperature as a surrogate for the ambient
temperature. Data obtained by the SpecsOn monitor has to be extracted through a connector and a USB port. It is
inferred that spectacle is worn if the difference between the temperature recorded by two sensors is greater than a set
value (ie >(—0.21 x Ambient Temperature) + 7). A minimal difference was noted in the wear time recorded by the
SpecsOn monitor and self-reported wear time in 80% of the participants.’® The monitor was capable of detecting when
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spectacles were artificially subjected to extreme temperatures when placed in shirt or trouser pockets and held in hand.
However, it was reported to produce a false-positive error when spectacles were positioned on the head or the
forehead.!

Wearable Devices for Monitoring Risk Factors and Managing Myopia

The International Myopia Institute issued guidelines for practitioners to recommend patients at the risk of developing
myopia to spend more time outdoors as well as maintain proper lighting in outdoor and indoor settings,”' as time
outdoors is a safe intervention and has other health benefits,>* as indicated in the overviews of literature.>*>* Multiple
factors are believed to be responsible for a protective role of outdoor time in myopia development: higher illuminance
levels, spectral composition of light, uniform dioptric field, presence of high spatial frequencies, increased Vitamin
D levels, greater levels of physical activity, dopamine release, and substitution for near work.>>>® Given that illuminance

57,58

and spectral power are indicated to vary with different outdoor locations, the subjective quantification of time

outdoors as conducted in previous studies through questionnaires/interviews in terms of hours might not be reliable®” !
Apart from time outdoors, various components of near work including greater duration of near work, lesser number of
intermittent breaks during near work, and closer viewing distance were indicated to have a detrimental effect on myopia
development.®®**"%* In addition to the recall bias in a subjective method, the quantification of near work was noted to
vary with the type of subjective method used.®® Hence, several objective trackers were developed to monitor the risk
factors of myopia (Table 6). These trackers quantify the time spent outdoors in terms of illuminance measured in lux,
time spent outdoors (number of hours spent at >1000 lux, typically), and epoch (frequency of exposure to >1000 lux,
typically). The magnitude of near work is measured in terms of viewing distance in centimeters, continuous near work in
hours, and dioptric hours. In addition to real-time tracking that improves the objectivity of the measurements, a few of
these trackers are additionally equipped to provide feedback to the wearers to modify their myopiogenic environmental
behavior which has potential in myopia prevention and control.

Clouclip, developed by the “Glasson Technology Co. Ltd”., Hangzhou, China, is a tracker clipped onto the right
temple of the spectacles. It contains an infrared distance sensor and a light intensity sensor for the purpose of
measurement of near work in terms of viewing distance and light exposure in regard to illuminance levels in real-
time, respectively. It was reported to indicate the viewing distance for a range of 15 to 60 cm every 5 seconds and the
illuminance levels for a range of 1 to 655,336 lux at an interval of 2 minutes. It also consists of a tri-axial accelerometer
that indicates if the tracker is worn or not. The tracker is considered to be not in use if no change occurred for 40 seconds.
The data collected by the tracker is uploaded to a smartphone application via Bluetooth. In the validation study, Clouclip
revealed a mean difference of 0.4 cm (95% limits of agreement: 2.5 cm, for printed target) to 0.5 cm (+ 1.5 cm, for
electronic text) in the measurement of viewing distance compared with the actual distance and a mean difference of
1670.4 lux (£ 7959.38 lux) in the measurement of illuminance levels in comparison to lux meter.°® A few studies used
the tracker to quantify the change in viewing behaviors and light exposure patterns with change in refractive error

770 region of residence (urban vs rural),”' and COVID-19.7* In addition to quantification of near work, Clouclip

status,
was also tested for its utility in the modification of the visual behavior in the children.”” The device was set to vibrate if
the viewing distance was <30cm or continuous near-work > 45 minutes, and research findings indicate that there was an
improvement in the mean viewing distance and a reduction in near work duration and frequency.

FitSight Fitness tracker consists of a custom-made FitSight watch app installed into a commercialized smartwatch
(Sony Smartwatch 3; Sony Corp., Japan). It contains a light sensor to measure the illuminance at an interval of 1 minute.
It is also equipped with an accelerometer to record the physical activity levels every 30 seconds. The information about
time spent outdoors (> 1000 lux) recorded by the FitSight watch app is displayed on the main home page of the
application and synchronized to the application in the parent’s smartphone via Bluetooth. It encourages the wearer to
spend more than 3 hours a day outdoors by sending reminders if a set target is not reached at two specific times and
a congratulatory message if the target is achieved. FitSight fitness tracker was rated as good by 93% of the parents and
compliance (worn on all days) was found to be good for 61% of the children.”

Actiwatch 2 and Actiwatch Spectrum (Philips Respironics, USA) are commercially available wrist-worn trackers (on
the non-dominant hand) that have been used in myopia research. Actiwatch 2 is equipped with a silicon photodiode to
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Table 6 Existing Wearable Devices used to track risk factors associated with Myopia

Name Size (mm) Weight (g) | Type Parameters Range
Clouclip”' 46 x 13 x 85 | 6 Spectacle Viewing distance 15 to 60 cm
llluminance | to 655,336 lux
FitSight fitness tracker’ | — - Wrist llluminance -
Step count -
Actiwatch 27 43x23x 10 16 Wristwatch | llluminance 5 to 100,000 lux
Physical activity 0.35to0 7.5 Hz
Actiwatch spectrum’® 48 x 37 x 15 31 Wristwatch | llluminance 0.1 to 200,000 lux
Physical activity 0.35t0 7.5 Hz
Spectrum 400 to 700 nm
Mylyt®' 47 x 37 x 16 | 50 Clip on llluminance 0 to 88,000 lux
Hobo® 58x33x23 | I8 Clip on llluminance 0 to 320,000 lux
Temperature —20 to 70 °C
Mumu® - - Wristwatch | Luminance -
Ultraviolet intensity -
Rangelife®® 10x10%x2 - Spectacle Viewing distance 50 to 1200 mm
Vivior monitor®’ 60 x 19 x I1 14 Spectacle llluminance -
Viewing distance 15 to 60 cm
Myopia tracker®® - - Spectacle llluminance 0.045 to 188,000 lux
Viewing distance >Im
Spectral composition | 450-950 nm
Spectral power -
Temperature —40 to +85 °C

measure illuminance within a range of 5 to 100,000 Lux for a wavelength that ranges between 400 nm and 900 nm while
Actiwatch Spectrum comprises color-sensitive photodiodes that can measure illuminance ranging from 0.1 to 200,000
lux for wavelength ranging from 400 to 700 nm. The time interval between each measurement can be adjusted to either
15, 30, 45, or 60 seconds. Actiwatch 2 and Actiwatch Spectrum contain solid-state Piezoelectric accelerometer that
records physical activity if it ranges between 0.35 Hz and 7.5 Hz at a sampling rate of 32 Hz. The illuminance recorded
by Actiwatch Spectrum had a very high correlation of 0.99 (P < 0.001) with the lux meter for recording illuminance in
multiple indoor and outdoor locations.”” Both these trackers were used for the comparison of sunlight exposure and
physical activity between myopic and non-myopic individuals.”>’” The objectivity of the measurements obtained with
these devices was also used to understand the association between light exposure, circadian rhythms, and diurnal
variation of ocular biometrics in the field of myopia.’®

MyLuyt is a tracker developed by the L V Prasad Eye Institute, India, that can be clipped onto clothing in the upper thoracic
region. It consists of an ambient light sensor to record the illuminance from 0 lux and 88,000 lux for the visible light spectrum
at an adjustable sampling rate. The data extraction from MyLyt is manual and needs a memory of 6 Giga Byte. The mean
difference in light levels between MyLyt and lux meter was found to be within the acceptable error margin for controlled,
outdoor, and indoor locations.®' Additionally, there was good concordance noted between the sensor’s ability to distinguish
outdoors from indoors (> 1000 lux) and self-reported location in adults (98% sensitivity and 99% specificity).

HOBO (Onset Computer Corp, USA) is a light tracker that can be clipped on either the clothes or armbands. The
tracker can measure the light in the range of 0 to 320,000 lux for a peak sensitivity of 900 nm at an adjustable sampling
rate. In addition, it also records the temperature within a range of —20 to 70°C. Time spent outdoors (> 1000 lux) logged
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by HOBO was found to be significantly higher than values noted by the children in their dairy by 2 hours® and lower
than values reported by adults by 2 to 3 hours.*?

Mumu is a smartwatch that consists of two light sensors to measure illuminance as well as ultra-violet levels every 20
seconds and to detect wearing status. It is also equipped with an accelerometer to count the activity level in terms of step
count and a GPS “(Global Positioning System)” sensor to record geographic location details. Recorded data are uploaded
into a software platform through a mobile terminal. Support vector machine, a machine learning algorithm, was applied
to the data obtained from Mumu smart watches for developing models to discriminate indoor and outdoor environments,
which were found to have accuracy ranging from 83% to 99%.**

RangelLife is a spectacle-mounted tracker that consists of an infra-red time-of-flight distance sensor (Adafruit, USA). The
sensor detects the viewing distance within a range of 0.03 to 1.2 m at a sampling rate of 1 Hertz. The data is transferred to
a secure digital card contained in a plastic enclosure along with a real-time clock which is connected to the sensor via a wire.
The distance measured by the sensor varied within £0.002 m, £0.003 m, and £0.0012 m compared to the actual distance of
0.10 m, 0.40 m, and 1.0 m respectively. Objective measurements of the near work duration, near viewing distances and time
spent outdoors among adults, recorded by RangeLife, were noted to be lesser than subjective reports.®

Vivior Monitor (Zurich, Switzerland) consists of distance, light, inertial, and magnetometer sensors and is attached to
the rim of the spectacles to measure viewing distance, illuminance, ultraviolet light intensity, head movement, and
position. While the device was previously used to know the visual needs and behavior of presbyopic adults to develop
custom intraocular lenses,®® its application in understanding the visual behavior in children with myopia was also
investigated.®’

Myopia tracker is spectacle mounted tracker that encompasses multiple sensors: an ambient light sensor to measure the
illuminance ranging from 0.045 to 188,000 lux, a global positioning system to differentiate indoor and outdoor locations,
a time of flight sensor to record viewing distance up to 1 meter, micro spectrograph to record spectral power distribution for
wavelength between 450 nm and 950 nm, and temperature sensor which can withstand —40 to +85° C. The illuminance
recorded by the Myopia tracker was found to have no statistical difference with the lux meter and measured viewing
distance showed a good correlation with actual distance (R? = 0.99). The spectral power was noted to be greater for the
orange and blue channels in indoor (100-160 counts/uW/cmz) and outdoor locations (10,000—19,000 counts/ uW/cmz)
respectively with the tracker.®®

Wearable Devices for Low Vision Rehabilitation

Technological advancements in artificial intelligence have revolutionized the field of low vision rehabilitation. A number
of head-mounted/spectacle mounted smart-devices have been developed in the recent past, thus enabling visually
impaired and blind people to achieve functional independence. These devices employ a combination of Al-based
technology including Optical Character Recognition, object and face recognition, image processing and remapping
technology for low vision enhancement along with audio output for the functionally blind.*

Virtual and Augmented Reality based devices

Virtual reality (VR) technology, as the name suggests, creates a virtual environment such as underwater, greenery,
mountains, outer space, and beyond without the boundaries of a screen using a wrap-around headgear. However, it has
seeped its way into ophthalmology by creating a virtual environment for patients to enable them to improve object
detection and their activities. VR gadgets like IrisVision™ are used to assist visually impaired patients. A smartphone
housed inside the VR headset captures the patient’s ambient environment and projects it as an enlarged image in
peripheral field of vision.

The device provides depth perception by providing slightly different images to each eye, and with the lens between
the eyes, they create a three-dimensional image. VR headsets are immersive devices, in that, they provide an increased
field of view (width of the picture). Additionally, the headsets make use of “head tracking”- shifting the picture in front
when looking up, down, and side to side.

Augmented reality on the other hand is when computer-generated information is improved or enhanced for displaying
in real-time and therefore, is widely used in healthcare.” However, a major limitation for patients is that due to an
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enclosed and immersive nature of the headsets, peripheral vision is restricted and therefore, it can be unsafe especially
while driving.

Orcam is a spectacle mounted assistive device that consists of a small camera based on Optical Character Recognition
(OCR) technology that converts scanned images to text or voice output which is communicated to the user through an ear
bud. '

The usefulness of OrCam has been studied in visually impaired patients (mean age: 47.6 £ 16.3 years) with advanced
inherited retinal dystrophies. National Eye Institute Visual Functioning Questionnaire (NEI-VFQ), the Participation and
Activity Inventory (PAI), and the OrCam Function Questionnaire (OFQ), were administered to the patients at the initial
visit and after 5.2 weeks. After using Orcam, there was a significant improvement in (i) near vision tasks scores in NEI-
VFQ (p <0.001), (i) overall vision function score (re-engineered NEI-VFQ), (iii) reading ability in PAI, and (iv) overall
quality of life score in OFQ.”!

e-Sight is a head borne device that consists of a high-speed camera to capture images of the ambience and converts
them into high-definition output using Al algorithms. This is a hand free, autofocus device that provides seamless vision
at all range of distances along with maximizing the central as well as peripheral vision.”

SightPlus is an augmented reality-based assistive device, which utilizes the healthy, functional parts of the retina that
are not severely damaged, for image focusing. It consists of a AR headgear to mount the smart phone installed with the
software and a remote control. The usefulness of this device has been validated in 8—16-year-old children®” as well as
18-93-year-old adults.”?

Eighteen participants aged 8 to 16 years used SightPlus for a month. Visual functions and functional vision were
assessed with and without SightPlus. With SightPlus, distance visual acuity improved on an average by 0.63 logMAR
units and near vision improved by about 0.41 logMAR units. The reading acuity also improved by about 0.45 logMAR
units, and the ability to read critical print sizes improved by about 0.28 logMAR units.”?

Visual functions and reading performance were measured among 60 participants aged 18 to 93 years, in both normal
mode and image enhancement mode. The mean improvement in distance visual acuity and contrast sensitivity was 0.63
and 0.22 logMAR units, respectively. Contrast sensitivity increased with further magnification and image enhancement
by 0.40 logMAR. There was also an improvement in reading for near visual acuity and critical print size. Nearly half
(47%) of participants expressed interest in using the device, in particular for near visual tasks and entertainment.”

NuEyes is an augmented reality-based system that utilizes a smart glass and a software that provides magnification
ranging from 1x — 12x, variable contrast and color, text-to-voice output, and media streaming. An advanced version of
this device, the NuEyes Pro, comes with added internet browsing features and the complete android tablet functionality.”
NuEyes e3+ is the latest version, powered with visual Al software, that can help visually impaired to watch TV, read
a book, cook in the kitchen, or watch live sports at the stadium. The e3+’s automatic pupil adjustment makes it the most
advanced low vision wearable to date.”

Aira is a smart glass that provides remote assistive technology to the visually impaired. The device uses the
smartphone camera and an app, to seek assistance from a trained agent for visual interpretation of the surroundings.
By tapping on the side of the smart glass, the user gets connected to an Aira certified visual interpreter, who has access to
the user’s location and profile on Google Maps through the smart glasses and interprets the surrounding, thus assisting
the visually impaired person.”®

Smart Vision Glass is an innovation that is similar to Orcam, consisting of a camera, remote sensing technology,
Bluetooth microphone and a miniscule speaker. Smart Vision Glass is a wearable device for the blind and visually
impaired, that transforms patient’s dark world into one that is more dynamic, engaging, and self-sufficient by virtue of
artificial intelligence and machine learning. It helps the patients in object identification, face recognition, reading text in
multiple languages and safe navigation with alerts to obstacles while walking. The in-built miniature camera takes
pictures of the ambient environment, interprets and analyses the visual data, and then provides voice output.”*

Argus 2 is an FDA approved retinal prosthesis system also known as the Bionic Eye, that helps to restore some
residual vision visual impairment due to conditions like retinitis pigmentosa. This consists of a retinal implant with

receiver that captures inputs from the device’s in-built camera, worn by the user. This has been clinically tested among 28
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patients with profound visual impairment due to retinitis pigmentosa. These patients were found to perform better on
daily living activities when the retinal prosthesis system was switched on compared to when the system was kept off.”

Future Perspectives

The world-wide productivity gain from correcting avoidable blindness, visual impairment, and presbyopia will be about
US$ 19 trillion by 2050." Keeping this in view, embracing smartphone applications and smart devices for ocular
diagnostics represents a significant step forward in advancing the practice of optometry, enabling eye care practitioners
to improve patient care and eye care accessibility.

In summary, for distance visual acuity testing, the Eye Chart app, with only about 2-letter difference, can be used by
the eye care practitioners for screening as well as in clinical setting. With its highly repeatable visual acuity measures
across examiners, AAPOS app is suitable for pediatric age group especially for amblyopia and low vision screening,
along with the PEEK acuity app with good agreement and minimal test-retest variability. With four different visual
acuity cut-off points and a high validity as a screening tool, the Vis Scr app is recommended for screening visual
impairment and blindness among children. Given the low mean difference in visual acuity, good test-retest reliability and
agreement and high sensitivity and specificity, eye care practitioners can use these vision screening apps.

Among the apps for near visual acuity testing, the NYU Langone app and the Eye chart app, with a minimal
difference of about 2-letter against the gold standard tests, can be used reliably by the eye care practitioners. The
SmartVisionCheck app, with its functional near vision component, may add a new dimension to near vision testing while
prescribing presbyopic correction as well in low vision management of conditions that cause near visual impairment. Ody
Sight app can be used for near vision testing in normal individuals, but to be used cautiously for patients with reduced
near vision due to overestimation or underestimation. Smart Optometry app, with its good sensitivity among 5—12-year
olds, may be suitable for school vision screening.

With more than 50% of the world’s population predicted to be myopic by the end of fifth decade of the 21st century,”®

and association of vision-threatening complications with high myopia,”” '

the scope for the wearable smart devices in
myopia prevention or delaying myopia onset and controlling its progression is enormous.

At present, wearable devices meant for myopia correction possess several limitations. Self-adjustable spectacles have
a limited range of refractive correction and cannot correct astigmatism. While there was a lesser proportion of individuals
in whom inaccuracy of self-adjustment of refractive error was reported with these spectacles, myopic under-correction
was linked to a greater rate of progression than full correction and overcorrection of myopia will stimulate accommoda-
tion which might increase the risk of asthenopia. Furthermore, the progression of myopia might be unnoticed if the
degree of myopia is within the refractive range of the spectacles, as it can be self-adjusted to attain optimal vision.
Therefore, one needs to be aware of the limitations of self-adjustable glasses and further research should be carried out to
understand its impacts on eye health and refractive error. The spectacle wear time sensors are currently used in the
management of amblyopia. However, further research is needed to understand their scope in the field of myopia in terms
of the determination of the time of wear of myopia control spectacles.

Wearable light and distance trackers constitute the majority of existing wearable devices in the field of myopia. Most
of the currently available trackers can measure a limited number of risk factors associated with myopia. The wrist-worn
and cloth-clipped trackers do not provide a measurement of the illuminance reaching the eye and cannot quantify near
work-related behaviors. While spectacle-mounted trackers subdue this limitation, the measurement provided by these
trackers is not in the line of sight as they are usually attached to the rim of spectacles. Additionally, the individuals with
emmetropia are required to wear spectacles with plano lenses for the spectacle-mounted trackers which might limit their
uptake in this population and will be demoralizing considering that the intervention of time outdoors was beneficial
before the onset of myopia. The futuristic approach should be to develop a tracker that can provide comprehensive
quantification of environmental risk factors associated with myopia, keeping in view the multifactorial etiology of
myopia. The cost-effectiveness and user-friendliness must be considered during the development of trackers in the future
to improve their acceptability and compliance.

In addition to existing trackers, virtual reality headsets have gained popularity and have great potential considering
the increasing evidence of their influence on choroidal thickening and axial length modulation in short-term
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studies.'?"'%> However, the long-term influence of virtual reality-based techniques in myopia development and progres-
sion warrants further investigations. There is a growing evidence which indicate that specific wavelengths of light may
play a probable role in controlling myopia.'®® Apart from the low level repeated red-light therapy through desktop-based

device,'*

there are a few wearable devices for myopia control that are developed to emit monochromatic light: violet
light from eyeglass frames,'®* and blue light simulation of optic nerve head using virtual reality headset,'®> which are
currently being investigated in the myopia clinical trials. There is a wide scope for the wearable light therapy devices as
myopia control intervention, in addition to optical and pharmaceutical interventions. In a comprehensive assessment,
existing smart wearable devices have demonstrated a dual impact on both myopia correction and management. Moving
forward, the trajectory involves enhancing current devices with the rapidly evolving smart technology and innovating
newer ones guided by evidence, thereby advancing research aimed at understanding myopia’s etiology and effectively
managing its progression within clinical settings.

From a futuristic view point for vision rehabilitation, IoT (Internet of Things) based devices for smart and safe home
may be the next-generation revolution. Smart watches synchronized with ultrasonic sensors fixed in home space may
help the visually impaired people to detect obstacles and help in safe navigation.'®® Operating electronic appliances may
also get simplified through a voice-assisted smart home system that can operate and control all household electronic
devices with the use of a single, universal remote control operated via the smartphone.'®” Recent advances have
expanded assistive technology into providing smart devices for homes such as a voice alarm for stoves, home alarm
system, and lighting system configured with Alexa and/or Google Assistant or the tablet/iPad. The TV remote is also
voice-enabled through voice-activation technology, which allows one to control even computers and mobile phones
through audio commands. Assistance with recipes, playing music, playing games, and checking for weather can be
requested by coupling computers and mobile phones with technologies accessible on Amazon, Google, or Apple.'?”1%%
The addition of AR & VR-based smart devices into optometry can offer the practitioners powerful tools for assisting
patients with their routine activities. These devices will help those that are visually impaired by creating more
independence and autonomy. The choice of such devices should be made based on the visual requirements of patients.

Conclusion

Smart devices are becoming more popular and are readily available and easy to install. With a predicted upsurge in visual
impairment globally by the year 2050,' smartphone based digital tools can revolutionise eye care delivery system. Due to
rapid digitalization and technological advancements, these tools will break the barriers in accessing eye care in remote
areas and change the landscape of eye care delivery system. These devices will aid the eye care providers to monitor the
disease progression from the convenience of their homes and create digital optometry clinics and screening sites in
future.
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