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Abstract

Introduction

Uncorrected refractive errors pose a significant challenge globally, particularly in remote
regions of low-middle income countries where access to optometric care is often limited.
Telerefraction, which involves refraction by a trained technician followed by real-time con-
sultation with remote optometrist, is a promising approach for such remote settings. This
study aimed to evaluate the accuracy of this model.

Methods

This prospective study, conducted in New Delhi, compared tele-refraction to in-person
examinations. Trained technicians used a simple device, Click-check, to perform objective
refraction and a tele-refraction platform to enter the findings of objective refraction. Final pre-
scription was made after consulting a remote optometrist on that platform. Masked face-to-
face optometrists served as the gold standard. The study involved refraction in 222 patients
and 428 eyes.

Results

Tele-refraction demonstrated a strong agreement with in-person optometry, achieving
84.6% in spherical correction and 81% conformity in spherical equivalent. The mean differ-
ence of spherical equivalent between the two arms was only 0.11 D. The consultation with a
remote optometrist improved conformity of spherical equivalent by 14.8% over objective
refraction. 82 percent eyes matched in best corrected visual acuity and 92 percent were
within 0.1 logMAR difference. For cylindrical axis, 74% eye were within acceptable 10
degrees of difference. The mismatch amongst the individual trained technicians, in terms of
difference between the tele-refraction arm and the face-to face optometrist arm was found
to be significant for cylindrical axis and not for spherical power and spherical equivalent.
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Abbreviations: UDVA, uncorrected distance visual
acuity; BCVA, best-corrected distance visual acuity;
f2f, face to face refraction.

Conclusion

Our study found tele-refraction by a trained technician comparable to refraction done by
face-to-face optometrist. Tele-refraction, coupled with remote optometrist guidance can
address the optometry resource gap in underserved areas. Thus, this model offers a trans-
formative approach to enhancing the accessibility and quality of eye care services, which
can significantly contribute to our efforts in achieving the global targets set by the World
Health Organization for effective refractive error coverage. More standardized training for
these technicians on ClickCheck™ for detecting the cylindrical axis with better accuracy,
can improve this model further.

Introduction

Uncorrected refractive errors are a major cause of vision loss in India and globally [1]. The eval-
uation of refraction holds significant importance within the context of a comprehensive ocular
assessment. Many individuals, particularly those residing in rural or remote locations in India,
face challenges in accessing refractive services due to a shortage of trained optometrists in gen-
eral and especially in these locations [2]. It is estimated that around 10 percent of adults in India
have uncorrected refractive error and around 30 percent have uncorrected presbyopia [3].

Uncorrected Refractive Error can cause severe economic impact on family and the commu-
nity [4]. Corrected vision allows the individual to return to a normal life of work and a tradi-
tional role in the family. But for years the formal practice of vision correction has been limited
only in urban and peri-urban areas limiting the people living in remote villages to access it at
an affordable price. In the Vision 2020: Right to Sight report [5], it is mentioned that the devel-
opment of mid-level human resources for eyecare is essential for Southeast Asia. Globally,
there is a shortage of specialized human resources such as optometrists, to provide quality
refraction.

The rapid evolution of telecommunication and digital technologies has revolutionized the
healthcare landscape, introducing innovative solutions to improve access to medical services,
especially in underserved and remote areas. Telemedicine, the remote provision of healthcare
services, has emerged as a transformative approach to bridge the geographical and logistical
gaps between patients and healthcare providers [6-8].

Within the realm of telemedicine, telerefraction has emerged as a compelling tool, specifi-
cally addressing the needs of optometry by enabling real-time consultations with remote
optometrists worldwide [9].

Telerefraction, also known as remote or tele-optometry, offers a potential solution to this
challenge [9]. This innovative approach leverages advancements in digital technologies and
telecommunication to enable remote optometric assessments. Through telerefraction, individ-
uals can receive accurate measurements of their refractive errors, visual acuity, and other basic
optometric evaluations without the need to travel long distances to a physical eye care facility.

OneSight Essilor Luxottica Foundation’s tele-refraction model consists of an on-demand
service platform to connect a primary vision care provider, trained technician trained by Essi-
lor [10,12] and their customer with a qualified optometrist who remotely oversees the refrac-
tion process in real-time via video consultation and can update the refraction measurements
on the platform and sign that off. Trained technicians in this model first conduct history taking
and unaided visual acuity of their customer. They then use a device called ClickCheck™ [13],
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to obtain the starting point refractive power. ClickCheck ™ is a portable device manufactured
by Essilor International that aids in estimating refractive error through adjusting the dial on a
plastic tube. It is based on the Badal optometer principle [14]. Here the image size is kept con-
stant while the target distance and stimulus to accommodation is varied using an auxillary
lens.

The trained technician, then, connects to an optometrist remotely through the telerefrac-
tion application. The remote optometrist will receive the data of the customer in his/her appli-
cation and start guiding the trained technician to perform subjective refraction. The remote
optometrist is able to see the customer and provide real-time consultation as well. Those in
need of further testing are referred to a secondary eyecare facility.

D A Goss et al did a review of the literature on the reliability of refraction where they found
the intra-examiner reliability and inter-examiner reliability of subjective refraction in most
studies were close to 80 percent agreement within +/- 0.25D and 95 percent agreement within
+/- 0.50D for spherical equivalent, sphere power, and cylinder power[15]. J] Waline et al in
their study showed that 80% of the eyes undergoing 2 measurements of retinoscopy by the
same examiner had a shift of axis >/ = 5degree and 40% had a shift of >/ = 10degrees [16]. No
studies have been reported till now to assess the accuracy and real-time tele-refraction with a
remote optometrist.

TeleRefraction has been limited in availability and there have been very few studies com-
paring tele-refraction with face-to-face refraction [9-11]. So, the purpose of this study is to
assess the accuracy and reliability of real-time tele-refraction by a trained technician with a
remote optometrist versus face-to-face (f2f) examination by optometrist to diagnose and man-
age refractive error. If found accurate, this model can improve access to quality refractive ser-
vices to people in remote locations.

Methods

This is a non-inferiority diagnostic accuracy design/prospective study conducted at Dr.
Shroff’s Charity Eye Hospital, Daryaganj, New Delhi. The study was approved by the Institu-
tional Review Board of Dr. Shroff’s Charity Eye Hospital(IRB/2023/Jan/136) and was per-
formed in accordance with the tenets of the Declaration of Helsinki. A verbal consent was
obtained from participants to conduct refraction at two stations and an informed written con-
sent for using anonymized data for research, after explaining the details of the study to the par-
ticipants. The recruitment period was from 15th March 2023 to 19th April 2023.

Patients

All types of patients reported to the base hospital in the age group 18 to 55 years, with refrac-
tion values within + 6 diopters spherical and + 2 diopters of the cylinder were included in the
study. Those with any corneal, retinal or any obvious ocular pathology were excluded by a clin-
ical optometrist, before sending them to be included in the study. Patients having a dull glow
(reflex) as in high myopia, vitreous haemorrhage or cataract were also excluded.

Trained technicians

The technicians were trained on visual acuity measurement, ClickCheck '™, trial lens usage

and reading of a prescription, with an experience of at least 20 recorded refractions on the Tel-
eRefraction platform. Those not fluent in Hindi (local language) and those not willing to travel
to Delhi for this study were excluded.
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Optometrist for face-to-face examination

The optometrists for f2f examination and remote optometrists had a minimum of 2 years of
clinical experience. A test (prior to start of the study) on 20 subjects were done to ensure the
standards across them are similar. Those who were not fluent in Hindi were excluded.

Selected participants underwent a history-taking procedure by trained technicians. The
uncorrected distance visual acuity (UDVA), pinhole vision, and best-corrected distance visual
acuity (BCVA) were recorded.

Objective refraction (spherical and minus cylindrical powers and axis) was carried out
using ClickCheck™ device. The data was entered on the Telerefraction application and then
the trained technician got connected to an optometrist remotely. The remote optometrist
received the data of the subject in his/her application. The Technician followed the instruction
from the optometrist to complete the subjective refraction.

The Optometrist guided the trained technician on what trial lenses to be placed on the trial
frame for the subject as starting point. The Optometrist could control the digital visual acuity
to be seen by the subject while the trained technician changes the trial lenses. The optometrist
then updates the refraction measurements in the application as the trained technician adjusts
the trial lens power until the best vision is achieved. Upon completion of the refraction pro-
cess, the Optometrist enters the final prescription on the application with the BCVA. The
Optometrist signs off on the prescription for the technician to prepare glasses for the subject.
Should there be a need for further testing, the Optometrist can refer the patient to the nearest
eye hospital.

The trained technicians can also choose to connect only to Optometrists who are able to
speak the local languages. In case of issues such as call drops during a consultation, the trained
technician also has the option of reconnecting with the same Optometrist to continue the
consultation.

Subsequently, each patient went through f2f refraction (gold standard) with another
optometrist who performed objective refraction using Heine® BETA 200 streak retinoscope
and the final prescription was released after performing subjective refraction on each subject.
The face-to-face optometrist was masked to the finding of tele-refraction.

Sample size

The study aimed to compare the difference between two variables (refractive errors of a person
once assessed through tele-refraction, and, next, assessed face-to-face by a trained optome-
trist), and a difference of greater than +0.5 D was considered unacceptable. The sample size
was calculated to answer in what proportion of cases trained technicians report the refraction
accurately (the difference lies within + 0.5D). The sample size required to estimate that propor-
tion within £10%, with a 95% CI was 200. Eyes. We assumed maximum variance and a design
effect of 2.

Statistical analysis

The study involves estimating the rates of conformity in terms of spherical and cylindrical
dioptres, axis and visual acuity. The rates of conformity have been expressed as percentages
and we have reported the estimates with their 95% confidence interval. The study also com-
pares the mean of those parameters between the two main groups and across subsamples clas-
sified by the level of conformity for which we have applied t-test or ANOVA depending on the
situation.
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Fig 1. Age-distribution of patients.
https://doi.org/10.1371/journal.pone.0299491.g001

Results

A total of 222 patients were enrolled between the period of March 15, 2023, and April 11, 2023.
The maximum patients were in the age-group of 35-40 years as shown in Fig 1.

Conformity in terms of spherical dioptres, cylindrical dioptres and axis
between the eye mitras and f2f optometrists

Two f2f optometrists and one remote optometrist and eleven trained technicians participated
in the study. Of the 428 eyes refracted by trained technicians, for which data were available, 81
percent were within the acceptable range for spherical equivalent (within 0.5D of face-to-face
optometrist), 84.6 percent were within the acceptable range for spherical correction (within
0.5D of face-to-face optometrist) and 74 percent withing the acceptable range for cylindrical
axis (within 10 degrees) after the final input from the remote optometrist (Fig 2).

The spherical equivalent power obtained from only objective measurement was 66% con-
forming to the gold standards. By using tele-consultation, connecting with the remote optome-
trist, 14.8 percent additional eyes conformed to the accepted range (over and above those with
objective refraction) (Table 1).

Difference in the values of spherical dioptres, cylindrical dioptres and axis
as measured by trained technicians and f2f optometrists

The difference between mean spherical power for tele-refraction arm (trained technician and
remote optometrist) and f2f optometrist was 0.01, that for cylindrical power was 0.21 and that
for final spherical equivalent was 0.11 after the final subjective refraction (final prescription).
The difference between the mean cylindrical axis between the two arms was 6.3 degrees
(Table 2).
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Fig 2. Conformity in terms of spherical equivalent, spherical power and axis.

https://doi.org/10.1371/journal.pone.0299491.9002

Conformity in terms of visual acuity

82 percent of the patients matched in terms of final corrected visual acuity between the two
arms and around 92 percent were within 1 line of difference on logMAR chart (0.1 logMAR
difference). For those with difference up to one line, more than 84 percent conformed to the

acceptable difference in spherical equivalent (Fig 3).

Difference in the spherical power and axis as assessed by the two arms of

the study in subsamples classified by the level of conformity in terms of

visual acuity

Eyes with difference in BCVA of 0 line had a mean spherical equivalent difference of 0.11 D

and a mean axis difference of 4.3 degrees. When the line difference became more than

Table 1. Numbers and percentages of cases where refractive error measured by trained technicians conform to f2f optometrist.

Objective
Refraction

Subjective
Refraction

https://doi.org/10.1371/journal.pone.0299491.t001

Spherical
Equivalent

Spherical
Axis
Spherical
Equivalent

Spherical
Power

Axis

421

421
418
428

428

427

279

287
251
347

362

316

N | Number of eyes with refraction within the accepted
difference from that of face-to-face optometrist

Percent-age |95% CI

66.27%

68.17%
60.05%
81.07%

84.58%

74.00%

61.8%

63.7%
55.4%
77.4%

81.2%

69.8%

70.8%

72.6%
64.7%
84.8%

88.0%

78.2%

NA

NA
NA
14.8%

16.4%

14.0%

Increase in agreement due to
tele-refraction input
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Table 2. Mean difference in diopters and axis between refractive error measured by face-to-face (f2f) optometrist and the tele-refraction arm (trained technician
with remote optometrist).

Final Prescription N Optom f2f TeleRefraction Paired Diff = p-Value (t-test)
(Technician + remote
Optometrist)
Optom f2f - TeleRefraction
Mean SD Mean SD Mean SD

Spherical 428 -0.11 1.40 -0.10 1.34 -0.01 0.76 0.748

Cylinder (subjective) 428 -0.39 0.61 -0.19 0.41 -0.21 0.48 0.000

Axis (subjective) 427 27.04 46.46 20.71 42.88 6.32 47.69 0.006

Spherical Equivalent (subjective) 428 -0.31 1.44 -0.20 1.35 -0.11 0.75 0.002

https://doi.org/10.1371/journal.pone.0299491.t002

0.1logMAR, the mean spherical equivalent difference was 0.26D whereas the mean axis differ-
ence increased to 16.8 degrees (Table 3). The difference of mean spherical power, spherical
equivalent, or cylindrical axis, between those with up to one line of difference and more than
one line of difference in BCVA was not found to be significant.

Conformity in terms of spherical dioptres and axis as assessed by the
trained technicians and f2f optometrists in subsamples classified by the
level of conformity in terms of visual acuity

For the patients where the BCVA difference was up to one line of logMAR chart, 84 percent of

prescriptions were within the cut-off level of 0.5 D for spherical equivalent and 87 percent were
within the cut-off level of 0.5 D for spherical correction. This reduced to 60 percent and 69

DIFFERENCE (d) IN VISUAL ACUITY CATEGORIES

d>0.1, 8.49%\

0<d<0.1, /
9.20%

d=0, 82.31%

#d=0 wm0<d<0.1 =d>0.1
Fig 3. Proportion of eyes categorized according to difference in best corrected visual acuity.

https://doi.org/10.1371/journal.pone.0299491.9003
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Table 3. Difference in mean spherical equivalent, spherical correction and cylindrical axis related to the difference in BCVA.

Difference (d) in Visual Acuity Category in logMAR Difference in mean
Sph Eq Sph power Axis
d=0 -0.11 +£0.6 -0.03 +0.56 4.32 +44.19
0<d<0.1 -0.13+0.6 -0.04 +0.57 5+ 46.69
d>0.1 -0.26 + 1.19 -0.06 + 1.28 16.86 + 52.69
p-value or difference up to 0.1 and more than 0.1logMAR 0.518 0.937 0.206

BCVA- Best corrected visual acuity.

https://doi.org/10.1371/journal.pone.0299491.t003

percent respectively for those with more than one line of difference in BCVA. The difference was
found to be statistically significant. For the cylindrical axis, the conformity rates decreased from
75 percent to 63 percent, and this was not found to be statistically significant (Table 4).

Check for the random effect of the trained technicians in the assessment of
BCVA, spherical dioptres and axis

We tested if the difference in BCVA, spherical equivalent and spherical power between the f2f
optometrist arm and tele-refraction arm varied across different trained technicians. Only the
difference in the cylindrical axis was found to vary significantly across different trained techni-
cians (Table 5).

Discussion

It would usually take at least 2 to 3 years to train an optometrist and at least 3 to 5 years to
train an ophthalmologist. In addition to the high cost and long training duration, most people
would operate in the urban or peri-urban community. In areas where such specialized human
resources are scarce, technicians can be trained on basic refraction process in a shorter time-
frame and be connected to a qualified optometrist. Telerefraction application allows quality
prescription with inputs from a remote optometrist.

As per our results, the tele-refraction model was found to be an acceptable model with
more than 82 percent of the eyes having the same BCVA and more than 91 percent being
within one line of BCVA difference as compared to results from face-to-face refraction.
Around 84 percent of the eyes were found to be within the acceptable range of spherical equiv-
alent. In eyes with no difference in BCVA (in 82% of the eyes), a clinically insignificant differ-
ence was found between mean spherical equivalent of final prescription obtained from tele-
refraction and face to face refraction (-0.11D). When the difference in BCV A between the two
arms increased from 0 line to 1 line, the difference in spherical equivalent increased from
0.10D to 0.26 D only, whilst the mean cylindrical axis difference increased from 4 degrees to
12 degrees.

Table 4. Difference in conformity rates related to the difference in BCVA.

Difference (d) in Visual Acuity Category Conformity rates (%)
SphEq Sph Dioptre Axis
d=0 86.4% 90.2% 78.0%
0<d<0.1 84.2% 86.9% 75.3%
d>0.1 60.0% 68.6% 62.9%
p-value (between those with difference of up to 0.1 and more than 0.1) 0.001 0.008 0.161

BCVA- Best corrected visual acuity.

https://doi.org/10.1371/journal.pone.0299491.t1004
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Table 5. Variation in difference (mean + SD) in measurement across different trained technicians.

Trained N

Technician

1 48
2 30
3 34
4 26
5 26
6 34
7 38
8 38
9 38
10 48
11 64
p-Value

Difference in

BCVA

-0.02 +0.27
-0.02 +0.14
-0.01 +0.09
0.03 +0.1
-0.01 +0.06
0.03 +0.08
0.02 +0.06
-0.01 £0.05
0+0.02
0.01 £+ 0.05
0.02 £ 0.05
0.447

https://doi.org/10.1371/journal.pone.0299491.t1005

Difference in in Spherical Equivalent Difference in Difference in
Spherical Cylindrical Axis
Correction
-0.15+0.51 -0.08 +0.48 -5.42 + 32.45
-0.14 £ 0.99 -0.13+1.18 11.73 + 59.6
-0.25+£0.9 -0.1+0.91 7.35+52.92
-0.05 £ 0.52 0.1+0.45 13.46 + 49.79
-0.12 £ 0.48 -0.01 £ 0.36 -5.93 £ 54.6
-0.17 £ 0.43 -0.01 £0.38 28.82 +43.19
-0.08 + 0.45 -0.1+0.43 -24.12 £ 51.23
-0.26 £ 1 -0.06 +0.92 19.47 + 52.24
-0.18 £ 0.58 -0.05+0.5 10.92 + 47.06
0.03 +1.13 0.13 +1.11 1.54 +£29.51
-0.02 £0.71 0.06 + 0.82 11.71 + 46.76
0.775 0.891 0.000

The mean difference in the cylinder axis between the 2 arms was 6.32 degrees, this is less
than the acceptable range of 10 degrees. Hence, resulting in statistically and clinically insignifi-
cant difference. As the difference in BCVA between the two arms increased to 1 line or more,
the difference in mean spherical equivalent increased from 0.13 to 0.26 diopters only while the
difference in mean cylindrical axis increased from 4 to 17 degrees. Moreover, the mismatch
amongst the individual trained technicians, in terms of difference between the tele-refraction
arm and the face-to face optometrist arm was found to be significant for cylindrical axis and
not for spherical power and spherical equivalent. Thus, there seems to be a scope to improve
the detection of cylindrical axis by these trained technicians using ClickCheck™. Even in a
validation study for ClickCheck™, it was recommended that the device could be enhanced on
its cylindrical power and axis estimation [13].

Another observation was that during the refinement of prescription through tele refraction,
the remote optometrist could refine the prescription of axis of the cylinder, spherical equiva-
lent and spherical correction by 14 to 16 percent, leading to an improvement in conformity
with the face-to face optometrist model. This shows that TeleRefraction using a remote optom-
etrist can improve the quality of prescriptions. In previous studies comparing another techni-
cal device, Netra, being used by technicians without supervision, results were found to be
inferior to standard refraction by an optometrist [17].

The strength of our study is that the face-to-face optometrist and the trained technicians
were masked to the findings of each other. The groups to which the data belonged was also not
disclosed to the statistician.

One of the limitations of our study is that cases with any obvious ocular pathology, poor
glow or high powers were excluded, thus the results of our study may not be valid for such
patients. Such patients may need referral for refraction by a trained optometrist. Also, in the
TeleRefraction arm, inaccuracy was more in the cylindrical axis with less refinement possible.
At 10 degrees cylinder as a limit, the agreement with gold standard is expected to be more than
90 percent but was found to be less in our study.

Also, the mismatch varied across different trained technicians. We recommend that more
standardized training is required for these technicians on ClickCheck™ [13] for detecting the
cylindrical axis with more accuracy.
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Conclusion

The World Health Organization has endorsed effective refractive error coverage as one of the
important indicators for universal health coverage and global targets have been set for this
indicator [18]. TeleRefraction provides a suitable solution to the human resource crisis in
optometry by providing access to qualified professionals to trained technicians through tele-
medicine. This has a potential to increase coverage and the quality of refractive services in
underserved locations and thereby have an impact on effective coverage. Appropriate training
of technicians and infrastructure are integral to any tele-refraction approach.

Supporting information

S1 Checklist.
(DOCX)

Acknowledgments

We would like to acknowledge Mr Rohan Kumar Jha, Mr Sanjib Jha, and Mr Kamal Singh
Khatri for taking care of logistics of travel and stay of all the trained technicians.

Author Contributions

Conceptualization: Patricia Koh Pei Chen.

Data curation: Neha Kapur, Preeti Sharma, Soniya Srivastava.
Formal analysis: Shalinder Sabherwal, Atanu Majumdar.
Methodology: Neha Kapur.

Project administration: Neha Kapur, Javed Nayab.
Resources: Neha Kapur, Javed Nayab.

Supervision: Neha Kapur, Javed Nayab.

Validation: Shalinder Sabherwal.

Visualization: Javed Nayab.

Writing - original draft: Shalinder Sabherwal, Preeti Sharma.
Writing - review & editing: Neha Kapur, Shalinder Sabherwal.

References

1. Burton MJ, Ramke J, Marques AP, Bourne RRA, Congdon N, Jones |, et al. The Lancet Global Health
Commission on Global Eye Health: vision beyond 2020. Lancet Glob Health. 2021 Apr; 9(4):e489—
e551. https://doi.org/10.1016/S2214-109X(20)30488-5 PMID: 33607016.

2. DeSouzaN,CuiY, Looi S, Paudel P, Shinde L, Kumar K, et al. The role of optometrists in India: an inte-
gral part of an eye health team. Indian J Ophthalmol. 2012 Sep-Oct; 60(5):401-5. https://doi.org/10.
4103/0301-4738.100534 PMID: 22944749.

3. Sheeladevi S, Seelam B, Nukella PB, Borah RR, Ali R, Keay L. Prevalence of refractive errors, uncor-
rected refractive error, and presbyopia in adults in India: A systematic review. Indian J Ophthalmol.
2019 May; 67(5):583-592. https://doi.org/10.41083/ijo.lJO_1235_18 PMID: 31007213.

4. DurrNJ, Dave SR, Lage E, Marcos S, Thorn F, Lim D. From unseen to seen: tackling the global burden
of uncorrected refractive errors. Annu Rev Biomed Eng. 2014 Jul 11; 16:131-53. https://doi.org/10.
1146/annurev-bioeng-071813-105216 Epub 2014 Jun 2. PMID: 24905874.

PLOS ONE | https://doi.org/10.1371/journal.pone.0299491 June 24, 2024 10/11


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0299491.s001
https://doi.org/10.1016/S2214-109X%2820%2930488-5
http://www.ncbi.nlm.nih.gov/pubmed/33607016
https://doi.org/10.4103/0301-4738.100534
https://doi.org/10.4103/0301-4738.100534
http://www.ncbi.nlm.nih.gov/pubmed/22944749
https://doi.org/10.4103/ijo.IJO%5F1235%5F18
http://www.ncbi.nlm.nih.gov/pubmed/31007213
https://doi.org/10.1146/annurev-bioeng-071813-105216
https://doi.org/10.1146/annurev-bioeng-071813-105216
http://www.ncbi.nlm.nih.gov/pubmed/24905874
https://doi.org/10.1371/journal.pone.0299491

PLOS ONE

Reliability of an innovative telerefraction model

10.

11.

12.

13.

14.

15.

16.

17.

18.

Pizzarello L, Abiose A, Ffytche T, Duerksen R, Thulasiraj R, Taylor H et al. VISION 2020: The Right to
Sight: a global initiative to eliminate avoidable blindness. Arch Ophthalmol. 2004 Apr; 122(4):615-20.
https://doi.org/10.1001/archopht.122.4.615 PMID: 15078680.

Sood S, Mbarika V, Jugoo S, Dookhy R, Doarn CR, Prakash N et al. What is telemedicine? A collection
of 104 peer-reviewed perspectives and theoretical underpinnings. Telemed J E Health. 2007 Oct; 13
(5):573-90. https://doi.org/10.1089/tm}.2006.0073 PMID: 17999619.

Fierson WM, Capone A Jr; American Academy of Pediatrics Section on Ophthalmology; American
Academy of Ophthalmology, American Association of Certified Orthoptists. Telemedicine for evaluation
of retinopathy of prematurity. Pediatrics. 2015 Jan; 135(1):e238-54. https://doi.org/10.1542/peds.2014-
0978 PMID: 25548330

Strouthidis NG, Chandrasekharan G, Diamond JP, Murdoch IE. Teleglaucoma: ready to go? Br J
Ophthalmol. 2014 Dec; 98(12):1605—11. https://doi.org/10.1136/bjophthalmol-2013-304133 PMID:
24723617.

Blais N, Tousignant B, Hanssens JM. Tele-refraction in tele-eye care settings. Clin Exp Optom. 2022
Aug; 105(6):573-581. https://doi.org/10.1080/08164622.2021.2009736 PMID: 35094668.

Sreelatha OK, Ramesh SV, Jose J, Devassy M, Srinivasan K. Virtually controlled computerised visual
acuity screening in a multilingual Indian population. Rural Remote Health. 2014; 14(3):2908. Epub 2014
Sep 3. PMID: 25190644.

Huang J, Li X, Yan T, Wen L, Pan L, Yang Z. The Reliability and Acceptability of RDx-Based Tele-Con-
trolled Subjective Refraction Compared with Traditional Subjective Refraction. Transl Vis Sci Technol.
2022 Nov 1; 11(11):16. https://doi.org/10.1167/tvst.11.11.16 PMID: 36394842

https://store.hbr.org/product/essilor-s-eye-mitra-program-serving-bop-markets-through-inclusive-
business-models/IM1280

Joseph S, Sundar B, Rashme VL, Venkatachalam S, Ehrlich JR, Ravilla T. Accuracy of a low-cost, por-
table, refractive error estimation device: Results of a diagnostic accuracy trial. PLoS One. 2022 Aug 3;
17(8):e0272451. https://doi.org/10.1371/journal.pone.0272451 PMID: 35921350.

Atchison DA, Bradley A, Thibos LN, Smith G. Useful variations of the Badal Optometer. Optom Vis Sci.
1995 Apr; 72(4):279-84. https://doi.org/10.1097/00006324-199504000-00010 PMID: 7609955

Goss DA, Grosvenor T. Reliability of refraction-a literature review. J Am Optom Assoc. 1996 Oct; 67
(10):619-30. PMID: 8942135.

Walline JJ, Kinney KA, Zadnik K, Mutti DO. Repeatability and validity of astigmatism measurements. J
Refract Surg. 1999 Jan-Feb; 15(1):23-31. https://doi.org/10.3928/1081-597X-19990101-05 PMID:
9987720.

Tousignant B, Garceau MC, Bouffard-Saint-Pierre N, Bellemare MM, Hanssens JM. Comparing the
Netra smartphone refractor to subjective refraction. Clin Exp Optom. 2020 Jul; 103(4):501-506. https://
doi.org/10.1111/cx0.13003 PMID: 31773810.

Keel S, Miiller A, Block S, Bourne R, Burton MJ, Chatterii S et al. Keeping an eye on eye care: monitor-
ing progress towards effective coverage. Lancet Glob Health. 2021 Oct; 9(10):e1460—e1464. https:/
doi.org/10.1016/S2214-109X(21)00212-6 Epub 2021 Jul 5. PMID: 34237266; PMCID: PMC8440222.

PLOS ONE | https://doi.org/10.1371/journal.pone.0299491 June 24, 2024 11/11


https://doi.org/10.1001/archopht.122.4.615
http://www.ncbi.nlm.nih.gov/pubmed/15078680
https://doi.org/10.1089/tmj.2006.0073
http://www.ncbi.nlm.nih.gov/pubmed/17999619
https://doi.org/10.1542/peds.2014-0978
https://doi.org/10.1542/peds.2014-0978
http://www.ncbi.nlm.nih.gov/pubmed/25548330
https://doi.org/10.1136/bjophthalmol-2013-304133
http://www.ncbi.nlm.nih.gov/pubmed/24723617
https://doi.org/10.1080/08164622.2021.2009736
http://www.ncbi.nlm.nih.gov/pubmed/35094668
http://www.ncbi.nlm.nih.gov/pubmed/25190644
https://doi.org/10.1167/tvst.11.11.16
http://www.ncbi.nlm.nih.gov/pubmed/36394842
https://store.hbr.org/product/essilor-s-eye-mitra-program-serving-bop-markets-through-inclusive-business-models/IM1280
https://store.hbr.org/product/essilor-s-eye-mitra-program-serving-bop-markets-through-inclusive-business-models/IM1280
https://doi.org/10.1371/journal.pone.0272451
http://www.ncbi.nlm.nih.gov/pubmed/35921350
https://doi.org/10.1097/00006324-199504000-00010
http://www.ncbi.nlm.nih.gov/pubmed/7609955
http://www.ncbi.nlm.nih.gov/pubmed/8942135
https://doi.org/10.3928/1081-597X-19990101-05
http://www.ncbi.nlm.nih.gov/pubmed/9987720
https://doi.org/10.1111/cxo.13003
https://doi.org/10.1111/cxo.13003
http://www.ncbi.nlm.nih.gov/pubmed/31773810
https://doi.org/10.1016/S2214-109X%2821%2900212-6
https://doi.org/10.1016/S2214-109X%2821%2900212-6
http://www.ncbi.nlm.nih.gov/pubmed/34237266
https://doi.org/10.1371/journal.pone.0299491

