
Volume 11  |  Issue 1 |  March 2023

     CISS Symptom Score Change After Vision Therapy                   
Using HTS2 in a Cohort of Swedish Patients 

Validation of the Smartphone-Based Snellen Visual 
Acuity Chart for Vision Screening

Refraction in the Tele-Optometric Examination Compared to 
Traditional In-Person Refraction in an Adult Population

Binocular Vision and Accommodative Testing in the Tele-
Optometric Comprehensive Eye Examination in a Student 

Population

The Validity of Ocular Health Testing in Tele-Optometric Eye 
Examinations in a Young Adult Population

  Patient-Reported Satisfaction with a Novel, Tele-Optometric 
Comprehensive Eye Exam

The Essential Playbook: How to Maximize Outcomes in 
Optometric Vision Therapy

Esotropia and Hypoplasia: A Case Series Poem



Optometry & Visual Performance 1 Volume 11 |  Issue 1  |  March 2023

 OVP EDITORIAL STAFF
For Editorial Staff biographies, please go to 

http://bit.ly/OVPedit
Editor-in-Chief 
Marc B. Taub, OD, MS, EdD . . . . . . . . . . . mtaub@sco.edu 
Memphis, Tennessee

Managing Editor 
Pamela H. Schnell, OD . . . . . . . . . . . . . .pschnell@sco.edu 
Memphis, Tennessee

Associate Editor  
Steven J. Gallop, OD . . . gallopintovision@comcast.net 
Broomall, Pennsylvania

Associate Editor  
James Kundart, OD, MEd . . . . . . . . kundart@pacific.edu 
Forest Grove, Oregon 

Associate Editor  
Rebecca Marinoff, OD . . . . . . . . rmarinoff@sunyoptedu 
New York, New York

Advisor  
Leslie Holland, MLIS . . . . . . . . . . . . . . . . lholland@sco.edu 
Memphis, Tennessee

 SUBMISSION OF MANUSCRIPTS
All manuscripts should be submitted via the submission 
portal at http://bit.ly/OVPed. For more information see 
the Guidelines for Authors at http://bit.ly/OVPguidelines.

Optometry & Visual Performance (OVP) (ISSN 
#2325-3487) is published quarterly. Copyright 2022 
by the Optometric Extension Program Foundation. 
The entire contents, both text and illustrations of OVP, 
are copyrighted, and no part may be printed without 
written permission from the managing editor. All 
manuscripts and correspondence, including letters, 
reports, subscriptions, and address changes, should 
be addressed to the Managing Editor, Pamela Schnell, 
OD (pschnell@sco.edu). All editorial contributions 
should be addressed to Marc Taub, OD, MS (mtaub@
sco.edu). All requests for information about advertising 
should be addressed to Marc Taub, OD, MS (mtaub@
sco.edu). All expressions of opinions and statements 
of supposed fact published in signed articles do 
not necessarily reflect the views or policies of the 
sponsoring organization, OEPF. This organization does 
not endorse any specific educational program or 
products advertised in OVP. Acceptance of advertising 
or optical industry news for publication in OVP does 
not imply approval or endorsement of any product or 
service by either OVP or the sponsoring organization, 
OEPF.

 

 MISSION STATEMENT
Optometry & Visual Performance (OVP) is an 

international, peer-reviewed journal dedicated to the 
advancement of the role of optometry in enhancing 
and rehabilitating visual performance. The mission 
of OVP is to increase the awareness and availability 
of clinically relevant information in functional, 
developmental, behavioral, and vision therapy aspects 
of optometry through an internet-based, open-access 
format. OVP is an effort of the Optometric Extension 
Program Foundation.

ISSN 2325-3487    Volume 11  |  Issue  1





2609 Honolulu Avenue, Suite 203, Montrose, California 91020 • Toll-free: 877.248.3823 • www.expansionconsultants.com

Consulting services customized to 
your specific needs:

Specializing in Vision Therapy Practice Management,  
Marketing and Public Relations since 1988.

Practice Growth
Professional Referrals

Patient Communications

Customized Brochures

Practice Newsletters

VT Marketing Systems

Easy-to-Present CE

Social Media Strategies

In-Office Digital Advertising

Case Presentation
Increase Case Acceptance

Effectively Explain the Diagnosis 

Empower Your Patients to Get 
the Care They Need

Practice Management
Practice Growth Strategies 

Solutions to Staff Challenges

Management Tools to Create the 
Practice You’ve Always Wanted

Schedule your Free Initial Consultation with Toni Bristol 
to learn how we can help you achieve your goals.

Call 877.248.3823 or email  
tonibristol@expansionconsultants.com

Now is the perfect time to enroll as an OEPF Clinical Associate (CA). 

Showing our continued appreciation for your support, we offer a 

discount for enrollment as an OEPF Clinical Associate (CA).

To claim this offer, enter the following coupon code: CA2023 and get 

10% off your CA enrollment. This is a rollover reward program, so 

signing up now means you will be enrolled for a full 365 days.

Thank you for being a part of our 

OEPF community!

https://mailchi.mp/oepf/thank-
you-for-being-a-part-of-our-

oepf-community



Optometry & Visual Performance 4 Volume 11 |  Issue 1  |  March 2023

Emily Aslakson, OD 
Big Rapids, Michigan

Patti Andrich, MA, OTR/L 
North Royalton, Ohio

Surbhi Bansal, OD 
Palo Alto, California

Curt Baxstrom, MA, OD 
Federal Way, Washington

Marsha D. Benshir, OD 
Olney, Maryland

Supriyo Chatterjee, BSc (CAL), 
DOS (Hons), DCLP (AIIOS) 
Bangalore, India

Kenneth Ciuffreda, OD, PhD 
New York, New York

Dave Cook, OD 
Marietta, Georgia

Mark Dean, OD 
Myrtle Beach, California

Jennifer Fisher, OD 
Berkeley, California 

Nick Fogt, OD, MS, PhD 
Columbus, Ohio

Robert Fox, OD 
Latham, New York

Yazan Gammoh, PhD, MSc, BSc 
Amman, Jordan 

Liat Gantz, BOptom, BSc, PhD 
Jerusalem, Israel

Ragna Godtland, OD 
International Falls, Minnesota

Aditya Goyal, B. Optom, MS 
Chennai, India

Tom Headline, BS 
San Carlos and Aptos, California

Alison Jenerou, OD 
Big Rapids, Michigan 

Vassilis Kokotas, BSc, DOptom 
Athens, Greece

Kenneth Koslowe, OD, MS 
Petach Tikva, Israel 

Jeffrey J. Lant, OD 
O’Fallon, Missouri 

Ira Krumholtz, OD 
Franklin Park/Edison, New Jersey

Jeffrey Leung, BOptom, PhD 
Hong Kong, China 

Don Lyon, OD, MS 
Bloomington, Indiana

Stacy Lyons, OD 
Boston, Massachusetts

Revathy Mani, PhD 
Sydney, NSW, Australia 

Jason Ng, OD, PhD 
Fullerton, California

Yi Pang, OD, PhD 
Chicago, Illinois

Tamara Petrosyan, OD 
New York, New York

Tyler Phan, OD                            
New York, New York 

Tuwani Rasengane 
Bloemfonteine, South Africa

Sarah Sweeney Dohrman, OD 
St. Louis, Missouri 

Emelio Teran, MsC, PhD 
Sinola, Mexico 

Andrea Thau, OD 
New York, New York

Eric Weigel, OD 
Greensburg, Indiana

Naveen Yadav, MS, PhD 
Pomona, California

 OVP JOURNAL REVIEW BOARD

ISSN 2325-3487    Volume 11 |  Issue 1

For OVP Journal Review Board Members’ biographies, please go to https://bit.ly/OVP_review



Optometry & Visual Performance 5 Volume 11 |  Issue 1  |  March 2023

      Editorial:Editorial:  Big News from the Optometric Extension Program Foundation. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . 77

                                    Eric Hussey, ODEric Hussey, OD • Spokane, Washington

    Guest Column: Guest Column:   Esotropia and Hypoplasia: A Case Series Poem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
                   Sophia Capo, OD • Kelowna, British Columbia, Canada

                   Optometrists Change Lives Competition 2nd place, Residents 

  Article: CISS Symptom Score Change After Vision Therapy Using HTS2                                                
   in a Cohort of Swedish Patients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

                   Göran Skjöld, MSc Clinical Optometry • Höllviken, Sweden
                   Peter Lewis, BSc Optom, PhD • Linnaeus University • Kalmar, Sweden 

  Article: Validation of the Smartphone-Based Snellen Visual Acuity Chart for

                  Vision Screening  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17     
                   Satish Kumar Gupta, BOptom • Sankara College of Optometry • Bengaluru, Karnataka, India
                   Deepa Chavan, BOptom • Sankara College of Optometry • Bengaluru, Karnataka, India
                   Tapas Kumar De, MOptom • Sankara College of Optometry • Bengaluru, Karnataka, India

  Article:  Refraction in the Tele-Optometric Examination Compared to Traditional In-Person 
Refraction in an Adult Population. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30     

                  Christina E. Morettin, OD • Illinois College of Optometry • Chicago, Illinois
                      Harneet K. Randhawa, OD • Illinois College of Optometry • Chicago, Illinois
                      Heather M. McLeod, OD • Illinois College of Optometry • Chicago, Illinois
                      Kimberly Fazio, OD • Illinois College of Optometry • Chicago, Illinois
                      Valerie M. Kattouf, OD • Illinois College of Optometry • Chicago, Illinois
                      Jaymeni Patel, OD • Illinois College of Optometry • Chicago, Illinois

 TABLE OF CONTENTS 

ISSN 2325-3487    Volume 11  |  Issue 1



Optometry & Visual Performance 6 Volume 11 |  Issue 1  |  March 2023

  Article: Binocular Vision and Accommodative Testing in the Tele-Optometric                                        
   Comprehensive Eye Examination in a Student Population . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39     

 Harneet K. Randhawa, OD • Illinois College of Optometry • Chicago, Illinois
                     Heather M. McLeod, OD • Illinois College of Optometry • Chicago, Illinois
                     Valerie M. Kattouf, OD • Illinois College of Optometry • Chicago, Illinois
                     Yi Pang, OD, PhD • Illinois College of Optometry • Chicago, Illinois
                     Navjit K. Sanghera, OD • Illinois College of Optometry • Chicago, Illinois

  Article: The Validity of Ocular Health Testing in Tele-Optometric Eye Examinations in a Young             
   Adult Population . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

                  Navjit K. Sanghera, OD • Illinois College of Optometry • Chicago, Illinois

                   Jaymeni Patel, OD • Illinois College of Optometry • Chicago, Illinois

                   Elizabeth Wyles, OD • Illinois College of Optometry • Chicago, Illinois

                   Yi Pang, OD, PhD • Illinois College of Optometry • Chicago, Illinois

                   Leonard V. Messner, OD • Illinois College of Optometry • Chicago, Illinois

                   Christina E. Morettin, OD • Illinois College of Optometry • Chicago, Illinois

  Article:  Patient-Reported Satisfaction with a Novel, Tele-Optometric                          
Comprehensive Eye Exam. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58            

                  Jaymeni Patel, OD • Illinois College of Optometry • Chicago, Illinois 
                  Christina E. Morettin, OD • Illinois College of Optometry • Chicago, Illinois
                  Elizabeth Wyles, OD • Illinois College of Optometry • Chicago, Illinois
                  Kimberly Fazio, OD • Illinois College of Optometry • Chicago, Illinois
                  Harneet K. Randhawa, OD • Illinois College of Optometry • Chicago, Illinois
                  Leonard V. Messner, OD • Illinois College of Optometry • Chicago, Illinois

  Book Review:  The Essential Playbook: How to Maximize Outcomes in Optometric Vision 
Therapy by Nancy Torgerson, OD & Kristi Jensen, OD .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 64

             Reviewed by Katie Davis, OD • Columbia, South Carolina

 TABLE OF CONTENTS 

ISSN 2325-3487    Volume 11  |  Issue 1



Optometry & Visual Performance 7 Volume 11 |  Issue 1  |  March 2023

Editorial  •   Big News from the Optometric Extension Program Foundation  
                             Eric Hussey, OD • Spokane, Washington

Certification
We are thrilled to announce that after almost 

100 years of having the privilege of providing post-
graduate education on behavioral neuro-optometry, 
we now offer you the option to become a fully certified 
behavioral neuro-optometrist and add the professional 
designation of COEP behind your name!  

Prerequisite to becoming OEPF certified as an 
optometrist is to have completed all four OEPF Clinical 
Curriculum courses. The certification process is an 
online process, with questions based on the material 
from all four Clinical Curriculum courses. The therapist’s 
certification is based on material from the three Clinical 
Curriculum courses in which they can participate. 
Candidates must score a minimum of 80% on the 
questions in order to succeed in this certification. The 
system allows candidates to retake the test one time 
should they fail to achieve 80% on the first attempt 
without having to re-submit the application. 

This is a great opportunity to showcase your 
credentials and to take your career to the next level 
with a postgraduate OEPF Clinical Curriculum course 
certificate in behavioral neuro-optometry! 

After taking the postgraduate OEPF Clinical 
Curriculum courses, you have learned the latest 
techniques and technologies in behavioral optometry, 
including advanced diagnostic and treatment 
methods and the latest research in the field. We are 
committed to updating all of our courses and grids 
continuously. You have also had the opportunity to 
work with experienced optometrists and gain hands-
on experience in real-world clinical settings that you 
can apply in your practice. You will want to showcase 
that experience and professional knowledge to your 
patients and colleagues. 

Rewards: after successfully completing the 
certification, you can add our credentials behind your 
name (COEP for doctors and COEP-T for therapists), and 
we give you a free map listing on our Find My Doctor 
map on our website, allowing you to be found with 
your specialty and recognized for your qualifications. 
We will include you in our general marketing outreach 
and showcase the validity of your postgraduate 
expertise and qualification. 

For more information please go to: 
https://www.oepf.org/oepf-certification-for   

       therapists/
https://www.oepf.org/oepf-certification-for-
optometrists/

ICBO
We are also very excited to announce that in preparation 
for the 9th International Congress of Behavioural 
Optometry, we are making an open call for speakers 
to present at the meeting, taking place from 14-18 
August, 2024 in Ottawa, Canada. Talks can range from 
30 minutes to two hours! We are co-hosting ICBO with 
Vision Therapy Canada and are working closely with 
our partner organizations worldwide. 

Every four years, we strive to bring together an 
educational and information-sharing conference 
for a community of like-minded organizations that 
believes that in working together, we are stronger 
in supporting the behavioural optometry and vision 
therapy community worldwide. We postponed this 
Congress by two years because of the pandemic, but 
we are back and eager to meet again!

Further details about ICBO can be found at 
https://www.oepf.org/icbo-international-outreach

The deadline for speaker interest is April 8, 2023; 
accessible via the following link: 

https://form.jotform.com/230174638987065



Now Available for Purchase
https://www.oepf.org/product/applied-concepts-in-vision-therapy-2-0/
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Special Feature  •   Esotropia and Hypoplasia: A Case Series Poem  
                                             Sophia Capo, OD • Kelowna, British Columbia, Canada

                                             Optometrists Change Lives Competition 2nd place, Residents

When asked what a BV doctor does
It can be difficult to define
For some it means exercises
For me, it’s spending extra time

It’s doing additional testing
That wasn’t done before
Like NFV and PFV
The extra mile to figure out more

You see children don’t often speak
About what makes it hard to succeed
Double vision or blurry vision?
They just say “I don’t like to read”

So when two similar patients presented
With a single eye turned in
I was extremely grateful
For the optometrist to which they’d been

Not everyone does vision therapy
But every doc plays a role
In identification and referral
So we can improve function and control

Exams revealed an almost constant esotropia
Some suppression on Worth four dot
And after some discussion
It was vision therapy treatment that they sought

The patients had amblyopia
Refractive and strabismic, one of each
Vision training’s the best treatment
This is something that we preach

They both had difficulty with attention
And intermittent double vision
But we must rule out pathology
Checking the health was my next decision

I indirectly looked inside the eyes
The foveal reflex was not there
A guarded prognosis was discussed
Complete resolution I did not swear

One patient had nystagmus
And a head turn to the right
But it was clear with MRI
So I knew I shouldn’t fright

The other had advanced hypoplasia
Not just the macula, but also the nerve
Both eyes had reduced acuity
And the fovea had no curve

Both were prescribed weekly sessions
With progression monitored throughout VT
It is possible to make a difference
Even with a coexisting abnormality

Their therapy focused on acuity,
Fusion, and anti-suppression
Some activities for processing,
Increasing in difficulty every session

It’s now been over 16 sessions
And wow did they improve
Their fusion and acuity
And control of how their eyes move

One no longer has amblyopia
Controlled double vision, and it shows
His head turn’s almost never there
And he has 20 seconds of stereo

The other is not perfect
But the acuity is more refined
He’s having less trouble in school
And his eyes are much more aligned

So functionally, I was so happy
Why did it work? I must be transparent
They almost always did their homework
And each had a very motivated parent.

Some wondered if they were candidates
these two young patients, only six
But this concludes my report
Of some esotropias I functionally fixed!
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Article  •   CISS Symptom Score Change After Vision Therapy Using HTS2 in 
a Cohort of Swedish Patients

                   Göran Skjöld, MSc Clinical Optometry • Höllviken, Sweden
                   Peter Lewis, BSc Optom, PhD • Linnaeus University • Kalmar, Sweden 

ABSTRACT

Background: Binocular vision problems have 
been shown to be successfully treatable using 
tailored therapy. The purpose of this study was 
to investigate the effect of therapy with the HTS2 
computer-based therapy program on symptoms 
and the number of therapy sessions required to 
achieve the therapy goals.

Method: The effect of vision therapy for binocular 
dysfunctions was determined with the CISS 
questionnaire. The number of training sessions 
required to complete the therapy was recorded 
for each patient.

Results: For patients who completed the therapy, 
a significant improvement in CISS symptom scores 
(p<0.0001) was achieved. An average of 67.7 
training sessions, over a period of approximately 
three months, was needed to achieve the training 
goals.

Conclusions: The study confirms that HTS2 is 
effective in relieving symptoms in patients with 
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Introduction
Binocular vision dysfunction is common. The 

prevalence of different types of binocular vision 
dysfunctions has been reported to be high. In a 
clinical trial of 1679 subjects aged 18-38 years, a 
prevalence of 34.4% for accommodative dysfunction 
and 21.7% for vergence dysfunction was reported.1 A 
study of fifth and sixth graders reported a prevalence 
of highly suspected and definitive convergence 
insufficiency of 12.8%.2 A retrospective study of 
415 patients aged 8-12 years reported a prevalence 
for highly suspected and definitive convergence 
insufficiency of 17.6%.3 In a study of the prevalence 
of vision and ocular disease conditions in a clinical 
pediatric population, aged 6 months to 18 years, a 
prevalence of 9.5% for accommodative dysfunction 
and 20.4% for vergence dysfunction was reported.4 
Patients are most likely to visit their optometrist to 
examine the cause of symptoms affecting their vision. 
A recent Swedish study showed a high incidence of 
findings associated with common binocular vision 
dysfunction in patients examined by optometrists, 
such as abnormal NPC, accommodative and vergence 
facility, and fusional ranges.5 

Symptoms related to binocular vision problems 
can be graded using various methods. One example 
is the Convergence Insufficiency Symptom Survey 
(CISS) questionnaire, which is often used to grade 
vision-related problems associated with near work. 
The questionnaire was developed for and used in 
the Convergence Insufficiency Treatment Trial (CITT)
to measure the type and frequency of symptoms, 
and as an outcome measure following treatment, in 
patients with convergence insufficiency.6 The CISS 
questionnaire has been evaluated for use in both 
children and adults.7,8

Binocular vision problems have been shown 
to be successfully treatable using tailored therapy 

Peter Lewis, BSc Optom, PhD
Kalmar, Sweden

BSc Optom from Auckland University, 1995 

Junior Lecturer, Linnaeus University in 
Kalmar 

PhD, Linnaeus University in Kalmar, 2016

Program Coordinator, Undergraduate 
Optometry Programme, August 2016 to 
September 2022

binocular vision dysfunctions. Therapy needs to 
be continued for a period of approximately three 
months to achieve the therapy goals.

Keywords: binocular vision, binocular vision 
therapy, CISS, HTS2
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programmes.9 Traditional methods, including simple 
exercises such as “pen-to-the-nose” push-ups, Brock 
string, and Hart charts, as well as more advanced 
methods like Tranaglyphs, can be implemented. 
When using these methods, the patient is either 
trained in-office, given exercises to be performed 
at home, or a combination of both. The CITT study 
showed that in-office treatment was significantly 
more successful than home-based therapy. One 
obvious disadvantage of home-based therapy is that 
compliance becomes more difficult to control due to 
difficulties in monitoring therapy sessions and/or the 
results of the therapy.

Over the past twenty years, computer-based 
vision therapy systems have been developed, 
including systems that can be used online via the 
Internet. One such system is HTS (Home Therapy 
System), which was relaunched as an online vision 
therapy program at the end of 2019 and allows a 
practitioner to follow a patient’s progress remotely. 
The effectiveness of computer-based home binocular 
vision therapy has previously been demonstrated,10,11 
and these systems allow for more flexible therapy 
programs and the ability to monitor patients closely.

Treatment with HTS is indicated when in-office 
treatment is not possible and is well documented as 
an effective method for the treatment of binocular 
vision problems.12-18 HTS therapy is conducted at 
home by the patient, and their progress is monitored 
remotely by the doctor via an online clinical platform. 
HTS runs on common browsers and can be used on PC, 
Mac, or tablet with landscape format and a minimum 
screen width of 7.5 inches. HTS is designed to provide 
lasting therapy results through a standardized 
therapy protocol, with therapy procedures that have 
defined therapy goals.19

HTS includes several procedures for training of 
binocular vision functions. The procedures included 
in HTS are presented in a specified order; these are 
described in more detail in the Methods section 
below. The difficulty level increases depending on 
the performance and progress of the patient. As a 
training incentive, “stars” are awarded as the therapy 
goals are achieved. Once a patient has received all of 
the stars for a given procedure, this is automatically 
removed from the daily protocol and replaced with a 
more difficult procedure.

The purpose of this study was to investigate 
the effect of therapy with HTS2 (the version used 
in this study) on symptoms, as measured with the 
CISS questionnaire, and to investigate the number 

of therapy sessions required to achieve the therapy 
goals. The purpose was not to compare HTS2 to other 
types of therapy for binocular vision dysfunction.

Methods
Five experienced optometrists working actively 

with HTS2 in Sweden were invited to participate in 
the study during the period of January 1 to May 31, 
2021. They were requested to identify and to recruit 
any symptomatic patient, regardless of age, with 
binocular vision dysfunction of any kind, that they 
decided could be treated with HTS2. There were no 
requirements to follow a specified protocol. Each 
optometrist followed the protocol that they normally 
used in practice. It was up to the discretion of each 
optometrist to decide whether the patient was 
eligible for therapy with HTS2. It was not the purpose 
of this study to influence the clinician’s decision 
making.

To assess patient symptoms, a translated Swedish 
version of the Convergence Insufficiency Symptom 
Survey (CISS) was used. The CISS questionnaire 
consists of 15 questions, which should be answered 
with either “Never” (0 points), “Rarely” (1 point), 
“Sometimes” (2 points), “Often” (3 points), or “Always” 
(4 points). The question scores are totaled, resulting 
in a possible CISS score of between 0 and 60. The 
patient’s score is compared with an age-dependent 
maximum value, which is indicative of significant 
symptoms. The significant CISS score limit used in 
this study was as follows: for <19 years, 16 points or 
more, and for >18 years, 21 points or more. Patients 
for whom binocular vision dysfunction was identified, 
and where symptoms were deemed significant 
according to the CISS score limit values, were included 
in the study.

For each patient treated with HTS2, CISS 
scores were obtained on two occasions: 1) prior 
to commencement of treatment and 2) following 
completion or termination of treatment. In addition, 
the number of therapy sessions performed was 
recorded, as well as whether the patient had 
participated until prescribed therapy goals were met 
(i.e., all of the stars for each procedure had been 
attained).

Red/blue filter glasses were provided as part 
of the patient training kit. A flipper set containing 
three flippers, which allowed for six varying levels of 
difficulty in accommodative exercises, was also used 
when required during therapy sessions.
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Google Forms was used by the participating 
optometrists to report results at the completion of 
therapy. Patient details remained anonymous; name, 
age, gender, or other information that could be linked 
to them was not recorded.

GraphPad Prism 9 was used for statistical 
analysis. The Kolmogorov-Smirnov test was used to 
assess normality, and the non-parametric one-tailed 
Wilcoxon matched-pairs signed rank test, with an 
α level of 0.05, was used to test for any significant 
improvement in CISS scores following therapy.

The procedures included in HTS2 and prescribed 
during this study are described below. 

• Pursuit involves training the ability of the eyes to 
follow a fixed object. Pursuit is trained 3 minutes 
daily until the training goals are achieved. The 
goal of pursuit is increasing difficulty until 80% 
correct responses with an average response time 
of 950 ms is obtained.

• Saccadic involves training the ability of the eyes 
to coordinate fixation changes from one object 
to another. Saccadic is trained 3 minutes daily 
until the training goals are achieved. The goal of 
saccadic is increasing difficulty until 80% correct 
responses with an average response time of 950 
ms is obtained.

• Divergence involves training coordinated eye 
movements where the eyes are forced to diverge. 
Divergence is trained daily for 7 minutes until 
the training goals are achieved. The goal for 
divergence is increasing divergence until >13 
prism diopters base in is achieved.

• Convergence involves training coordinated 
eye movements where the eyes are forced to 
converge. Convergence is trained daily for 7 
minutes until the training goals are achieved. The 
goal for convergence is increasing convergence 
until >35 prism diopters base out is achieved.

• Jump Duction involves training with alternating 
divergence and convergence. In order for the 
procedure to be presented, both divergence and 
convergence must be fully completed; i.e., all 
stars have been achieved for both. Jump Duction 
is trained 7 minutes daily until the training goals 
are achieved. The goals of Jump Duction are >13 
prism diopters base in and >35 prism diopters 
base out.

• Jump Random involves training with random 
divergence and convergence. For the procedure 
to be presented, all of the stars for Jump Duction 
must be achieved. Jump Random is trained 

daily for 7 minutes until the training goals are 
achieved. The goal of Jump Random is increasing 
difficulty until >80% accurate responses for both 
divergence and convergence have been achieved.

• Accommodative Rock involves training functions 
to stimulate and to maintain focus and is trained 
5 minutes daily until the training goals are 
achieved. The exercise is carried out with a flipper 
of increasing difficulty level, which is held in the 
left hand. The goal of accommodative rock is to 
complete the exercise with flipper level 6.

The daily therapy program with HTS2 is called 
Today’s Assignment. It presents the patient with the 
exercises to be performed, as well as the duration of 
each exercise. At the beginning of therapy, the patient 
starts the exercises, which are then automatically 
presented in the order shown above. As the Jump 
Duction procedure requires both divergence 
and convergence goals to be attained, the daily 
assignment may contain only one of these until it is 
completed, after which Jump Duction is presented. 
Similarly, Jump Random requires Jump Duction to be 
completed in order to be presented. The treatment 
goals for the prescribed procedures listed above 
are that they shall be continued until all stars have 
been achieved. Each procedure is performed for 
the duration specified in HTS, 3-7 minutes for the 
procedures that are included.

A typical daily session, including the 
accommodative component, lasts 25 minutes. The 
daily training program can be modified after an 
initial assessment by the prescribing clinician, if 
necessary. In most cases, no modification is required, 
but one can choose to exclude one or more steps 
from the daily program or to keep one procedure in 
the daily assignment despite all stars being attained 
for the given procedure. This study did not impose 
any specific requirements regarding any of these 
modifications; these were decided on an individual 
case basis by each clinician, respectively.

HTS2 includes a standard 100 therapy sessions 
at the commencement of therapy. The clinician 
can follow the number of therapy sessions used/
remaining for each patient. The number of therapy 
sessions used equals 100 minus the number shown 
in the clinician software.

Results
Nineteen patients started therapy with HTS2. Of 

these, 17 completed the therapy until all therapy 
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Figure 1. Violin plots showing distribution of CISS scores 
before (CISS Pre) and after (CISS Post) therapy. The horizontal 
dashed line at 21 points indicates the cut-off for significant 
symptomatic CISS scores for patients 19 and older. The solid 
line within the violin plot represents the median CISS score, 
and dashed lines, the upper and lower quartiles for the group 
as a whole. 

goals were achieved (Tables 1 & 2). Two patients did 
not complete the full therapy plan with HTS2. Sixteen 
of the 17 patients completed all therapy procedures, 
including accommodative procedures. One of the 
17 patients completed all procedures except the 
accommodative procedures, after a decision by the 
optometrist. Two patients did not complete the full 
therapy plan with HTS2. Nevertheless, one of those 
saw an improvement in their CISS score from 16 
points to 10 points. A possible reason for this could 
have been that the symptoms were reduced to a 
level where the patient felt no reason to continue the 
treatment. The second patient discontinued therapy 
after 2 weeks. Results from these two patients were 
not included in further analysis, and the reasons for 
discontinuation were not disclosed in the two cases.

A Kolmogorov-Smirnov-test showed that the CISS 
scores were not normally distributed (p=0.0448) prior 
to commencement of therapy (CISS Pre); however, 
they had become normally distributed (p>0.1) after 
completed therapy (CISS Post). These changes can be 
visualized in the violin plots shown in Figures 1 and 2.

Prior to starting therapy with HTS2, the average 
CISS score for these 17 patients was 29.4 points 
(range 17 to 54). After completing therapy with HTS2, 
the average CISS score for these patients was 15.2 
points (range 0 to 30). The average improvement 

CISS Pre CISS Post CISS Change

Number of values 17 17 17

Minimum 17.0 0.0 -40.0

Median 26.0 16.0 -13.0

Maximum 54.0 30.0 7.0

Mean 29.4 15.2 -14.2

Std. Deviation 10.0 7.2 12.2

Std. Error of Mean 2.4 1.7 3.0

Lower 95% CI 24.3 11.5 -20.5

Upper 95% CI 34.6 18.9 -7.9

Skewness 1.14 -0.03

Kurtosis 0.88 0.67

Table 1 . Descriptive Statistics for CISS Scores Before (CISS 
Pre) and After (CISS Post) Therapy and Change in CISS Score 
(CISS Change)

Patient CISS Pre CISS Post CISS 
Change

Sessions 
Performed

1 54 14 40 60

2 32 0 32 72

3 46 17 29 38

4 36 9 27 83

5 26 8 18 58

6 22 6 16 47

7 34 19 15 61

8 33 20 13 68

9 39 26 13 70

10 28 15 13 58

11 23 12 11 100

12 22 14 8 92

13 21 16 5 43

14 21 16 5 56

15 23 21 2 100

16 17 16 1 92

17 23 30 -7 53

Avg. 29.4 15.2 14.2 67.7

Table 2 . Individual CISS Scores, Change in CISS Score after 
Completed Therapy, and Number of Therapy Sessions 
Required to Achieve all HTS2 Therapy Goals (Results are 
arranged from largest to smallest changes in CISS scores; 
negative values represent a deterioration .)

Figure 2. Individual CISS scores before (CISS Pre) and after 
therapy (CISS Post). The red data point indicates an increase in 
CISS score following therapy. 
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in CISS score was 14.2 points (range +7 to -40). The 
improvement in CISS scores was significant (Wilcoxon 
matched pairs signed rank test). Twelve of the 17 
patients achieved an improvement in CISS scores of 
8 points or more. 

An average of 67.7 (range 43 to 100) therapy 
sessions, corresponding to 13.5 weeks of therapy 
(range 8.6 to 20), with 5 training sessions per week 
was used to achieve all HTS therapy goals (Table 2).

Discussion
To achieve significant results with HTS2, it is 

important that therapy is continued until all HTS 
therapy goals have been achieved.17 The results of 
this study show a significant reduction in symptoms 
as measured with the CISS questionnaire in the 
majority of those treated with HTS2.  

The CITT study compared the efficacy of 12 weeks 
of different treatment regimens for convergence 
insufficiency and found that in-office treatment 
was significantly more successful than home-based 
therapy. The results of this small study reflect results in 
cases where it was decided to prescribe home vision 
therapy with HTS2 and cannot be compared with the 
results of the CITT study that included a significantly 
higher number of patients. The average change of 
-15.2 points in CISS scores was greater in those treated 
than the results reported for home-based therapy 
(-6.0 points) and comparable to the results for office-
based therapy (-14.8 points) in the CITT study.19 This 
may be due to the design of HTS2, where the patient 
is usually treated with a combination of training of 
eye movements, vergences, and accommodation, and 
that treatment is monitored remotely, thus providing 
opportunities for greater compliance. HTS2 therapy 
in this study was ongoing until all therapy goals were 
achieved, on average for 13.5 weeks, compared with 
the therapy period of 12 weeks for patients in the 
CITT. The results thus suggest that HTS2 can be an 
effective tool for home treatment of binocular vision 
dysfunctions and that therapy needs to continue 
for approximately 3 months to fulfill all HTS training 
goals. This average training period resulted in a 
significant self-reported improvement in symptoms 
according to results on the CISS questionnaire.

This study only addresses subjective experiences 
of completed binocular vision therapy with HTS2, 
graded with the CISS questionnaire. As such, questions 
may be perceived differently by the respondents. 
One of the patients who completed the therapy 
reported a subjective improvement in reading ability 

but nevertheless had an increase in CISS score 
from 23 points to 30 points; both scores are above 
the expected level. One reason for this could be a 
difference in the avoidance of near vision tasks pre- 
and post-treatment with HTS2. It could also indicate 
that the questions in the CISS form were perceived 
differently at the follow-up. However, since only totals 
have been reported by the individual investigators, 
it is impossible to determine the exact cause. In 
order to ascertain objective changes in the binocular 
vision functions, the collection of data covering 
specific aspects of binocular visual function, such as 
phorias, vergences, and accommodative function, is 
required. As this study did not collect this data from 
the individual clinicians, it is not possible to provide 
answers to objective changes and how these affect 
therapy outcomes. This is a limitation to the study, 
since it was not possible to evaluate diagnoses made 
in each case. Another limitation is that this study did 
not include a control group for comparison.

Conclusion 
The study confirms that when binocular vision 

dysfunction is treated with HTS2, significant symptom 
improvement can be achieved and that therapy will 
have to be continued for approximately three months 
to attain all the HTS2 therapy goals.
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ABSTRACT

Background: The majority of the visually impaired 
population lives in rural areas, where, at times, it 
is difficult to obtain consistent visual acuity (VA) 
chart luminance levels. Electronic devices, being 
self-luminous, would help overcome this barrier. 
The current study identified and validated a 
smartphone-based Snellen VA chart against the 
standard ETDRS chart for screening and clinical 
practice.

Methods: The study was conducted in four 
phases. Phase I: VA chart apps on the Google Play 
store were explored, screened, reviewed, and 
calibrated based on the displayed optotype size. 
Phase II: photometric analysis of room illuminance 
and VA chart luminance levels was performed. 
Phase III: the selected smartphone-based Snellen 
VA chart app was validated against the standard 
ETDRS chart. Phase IV: repeatability of both the 
uncorrected and best-corrected VA was checked 
with the ETDRS chart and the smartphone-based 
Snellen VA chart app.

Results: Phase I: The Snellen Chart app was found 
to display the Snellen optotype size accurately 
(inaccuracy <0.25mm). Phase II: average illuminance 
of the room was ~420 lux. The luminance level of 
the retro-illuminated ETDRS chart and the Android 
smartphone screen was ~180 cd/m2 and ~200 cd/
m2, respectively. Phase III: there were no statistically 
significant differences between the ETDRS chart 
and the Snellen Chart app for uncorrected 

Introduction
It has been reported that around 2.2 billion 

people are visually impaired globally, out of which 
approximately 50% of cases are preventable.1 
Preventable visual impairment is dominated by 
uncorrected refractive error (88.4 million) and cataract 
(94 million).1 In terms of regional differences, the 
prevalence of visual impairment in low- and middle-
income regions (Asia and Africa) is estimated to 
be four times higher than in high-income regions 
(North America, Australasia, Western Europe, and 
Asia-Pacific).1,2 The majority of the visually impaired 
population lives in the rural areas of low- and middle-
income countries, with limited access to proper 
healthcare, leading to a lack of adequate diagnosis 
and treatment.3,4 Unless healthcare services are made 
more widely accessible, regional demand is expected 
to remain largely unfulfilled. For example, individuals 
in rural areas often suffer from refractive blindness 
resulting from prohibitive travel time and cost for a 
pair of glasses.

The magnitude of visual impairment can be easily 
measured by a simple yet very important visual function 
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(median difference: -0.02 logMAR, p=0.39) and 
best-corrected (median difference: 0.00 logMAR, 
p=0.94) VAs in all participants (n=200; p<0.05). 
The Snellen Chart app showed good agreement 
with the ETDRS chart for both uncorrected (limits 
of agreement: -0.16 to 0.22 logMAR) and best-
corrected (limits of agreement: -0.01 to 0.01 
logMAR) VAs in all participants. Phase IV: Both 
the ETDRS chart and the Snellen Chart app were 
found to have good test-retest repeatability in 
participants with emmetropia (n=63) and myopia 
(n=34) with an overall coefficient of repeatability 
ranging between 0.03 and 0.05 logMAR (p≤0.10).

Conclusions: VAs measured with the smartphone-
based Snellen Chart app are reliable and in good 
agreement with the ETDRS chart. Thus, both VA 
assessment methods can be used interchangeably. 

Keywords: ETDRS chart, smartphone technology, 
Snellen Chart app, visual acuity
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test, the visual acuity (VA). The 6-meter Snellen chart 
is the most commonly used VA chart in ophthalmic 
and optometric practice, but it is limited by the non-
uniform progression of optotype size, inequality in 
the number of optotypes on each line, non-uniform 
spacing between the optotypes and lines, an improper 
scoring system (for example: 6/6 part), and unequal 
legibility of the optotypes.5 These limitations of the 
Snellen VA chart are overcome by the use of the ETDRS 
(Early Treatment of Diabetic Retinopathy Study) chart 
that uses the LogMAR specification.5 The ETDRS chart 
is widely used for clinical research since it provides 
accurate results.6-8 Nevertheless, the Snellen VA chart 
remains the dominant method for VA assessment in 
clinical practice because it is easy to use, smaller in 
size, is a familiar method, and has better compatibility.9 
Given the varying environmental lighting conditions, it 
can be difficult to obtain consistent chart luminance 
levels, impacting the ability to obtain reliable VA.10-

12 In such cases, the electronic VA format, being self-
luminous, would help overcome this barrier.
Smartphones in Ophthalmic Practice

Mobile phone technology has evolved rapidly and 
dramatically. Its use is a growing trend.13 The use of 
smartphone technology in modern medical practice 
is also on a rapid rise.14 Smartphone technology has 
enabled volumes of medical literature and reference 
material to be accessible to students and clinicians 
in the palm of their hands.15,16 Medical science is 
actively adopting mobile technologies for rapid and 

convenient healthcare delivery, efficient monitoring 
of the patient, data collection for clinical research, 
and telemedicine practice, usually in remote areas.9 
With emerging acceptance and application of such 
technology by medical science and professionals, 
there is an increasing demand for medical programs, 
software, and apps to be developed.9,16 Smartphone 
use has rapidly expanded, and medical specialties are 
producing innovative apps relevant to their specialties, 
such as internal medicine, dermatology, psychiatry, etc. 
Clinical practice in ophthalmology and optometry17,18 

has also been revolutionized by the development of 
various apps for easy and effective patient education 
and clinical assessment of visual functions, such as VA, 
contrast sensitivity, color vision, refractive error, visual 
field, etc.19 The VA measured with the smartphone app, 
i.e., the Peek Acuity test, was reported to be accurate 
and repeatable compared with the standard Snellen 
VA chart and the 5-letter-per-line retro-illuminated 
ETDRS charts.9,20-25

With the majority of the world’s visually impaired 
population living in low- and middle-income countries, 
the need for effective tools to facilitate early detection 
and appropriate referral is vital for reducing the 
prevalence of visual impairment.26-28 The referral of 
patients with ophthalmic complaints from primary to 
specialty care should include a reliable VA measure. In 
addition, more widespread testing of VA in low- and 
middle-income countries is likely to lead to greater 
awareness of preventable and curable eye disease 
with increased treatment.29 In such circumstances, an 
easily accessible, easy-to-use, and reliable vision test in 
ophthalmic and non-ophthalmic departments could 
lead to increased accuracy of vision assessment in 
routine practice.30,31 Hence, in this study, we identified 
and validated a smartphone-based Snellen VA chart 
against the standard ETDRS chart for use in screening 
and clinical practice.

Materials and Methods
This is a prospective study based on the 

comparison of the VAs measured using the standard 
ETDRS chart and the smartphone-based Snellen VA 
chart on an Android smartphone at a distance of 4 
meters. The study was conducted at Sankara College 
of Optometry (SCO), Sankara Eye Hospital, Bengaluru, 
India. The participants were the optometry students 
at SCO. After obtaining approval from the college and 
hospital authorities in concordance with the tenets 
of the Declaration of Helsinki, informed consent was 

Figure 1. Flowchart summarizing the exploration, screening, and 
review strategy for identifying the appropriate smartphone-
based visual acuity chart

Google Play Store search using the keywords: 
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Phase I – Exploration, screening, review, and 
calibration of visual acuity applications

The Google Play Store (for Android apps) was 
searched in January 2017 for VA chart apps using the 
keywords “eye chart,” “eye test,” “logMAR chart,” “Snellen 
chart,” “vision chart,” “vision test,” and “visual acuity.” 
This search task was performed by two independent 
investigators (SKG and DC) on two different Android 
Operating System (OS) smartphones to ensure that all 
available apps were identified and discovered. The app 
search task is summarized in Figure 1. The keyword 
search identified a total of 1396 apps. The list of apps 
was checked for duplicates, and these were removed. 
The apps that included any of the above keywords in 
their title and description were considered eligible for 
screening. The apps were then screened for title and 
description to check eligibility. The apps in languages 

obtained from each participant after explaining the 
nature of the study.

The study was conducted in four phases. Firstly, 
the available VA chart apps were explored, screened, 
reviewed, and calibrated on the Android platform, 
Google Play Store (Figure 1). This was done to identify 
the most accurate smartphone-based Snellen VA 
chart app based on the calibration of optotype 
size (Figure 2). Secondly, the room illumination and 
VA chart luminance were ensured to be within the 
normal recommended range. Thirdly, the selected 
smartphone-based Snellen VA chart app was validated 
against the standard retro-illuminated ETDRS chart 
(Figure 3). Fourthly, test-retest repeatability of the VA 
measures with the ETDRS chart and the smartphone-
based Snellen VA chart app was determined.

58.2 mm

40 meters

5’ arc

The visual angle remains constant. However, the optotype size changes proportionally with the test distance.

Figure 2. Review and calibration of the smartphone-based Snellen Chart app

(a) (b)

Figure 3. Visual acuity assessment with (a) the standard retro-illuminated ETDRS chart and (b) the smartphone-based Snellen Chart 
app
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S.N. Name of 
the app

Develop-
er (year)

Category Types of visual acuity chart, 
optotypes, and other tests

Optotype 
size details

Test dis-
tance

Price (USD) Website Reason for inclu-
sion/exclusion

01. Snellen 
Chart

Individual 
(2016)

Medical Snellen chart: Sloan letters, 
Tumbling E, Landolt C, LEA 
symbols, and Numbers

Duochrome, Amsler grid, 
Astigmatic fan

Available Flexible Free https://bit.
ly/32cmIic

Included (calibrat-
ed optotype size, 
inaccuracy <0.25 
mm, flexible test 
distance)

02. Eye Exam Individual 
(2014)

Medical Snellen chart: Serif letters, 
Landolt C, Tumbling E, 
Picture chart

Not avail-
able

40 cm 
(fixed)

Free https://bit.
ly/3Fbaghd

Excluded (opto-
type size details 
not available)

03. Visual 
Acuity 
Test

Company 
(2013)

Health & 
Fitness

Snellen chart: Sloan letters, 
Landolt C, Tumbling E, Pic-
ture chart, and Numbers

Duochrome, Astigmatism 
test

Not avail-
able

40 cm 
(fixed)

Free https://bit.
ly/3yE2D0f

Excluded (opto-
type size details 
not available)

04. Eye Test Company 
(2012)

Health & 
Fitness

Visual acuity (non-Sloan 
letters and numbers), Color 
vision, Color Cube (Game), 
Amsler grid, AMD test, 
Glaucoma survey, Written 
test, Contrast sensitivity, 
Landolt C/Tumbling E, 
Astigmatism test, Duo-
chrome test, OKN Strip test, 
Red Desaturation test

Available 30 cm 
(fixed)

In app 
purchase

https://bit.
ly/3IYVxbE

Excluded (non-
Sloan optotypes)

05. Smart 
Optome-
try - Eye 
Tests for 
Profes-
sionals

Company 
(2016)

Medical Visual acuity (non-Sloan 
letters), Visual acuity + 
(Tumbling E, Landolt C), 
Color Vision, Contrast sensi-
tivity, Worth Four Dot test, 
Schober test, OKN Stripes, 
Fluorescein light, Red de-
saturation test, Hirschberg 
test, Accommodation test, 
Duochrome test, Aniseiko-
nia test, Amsler grid, MEM 
Retinoscopy, Maze (Ambly-
opia test)

Available 40 cm 
(fixed)

Free https://bit.
ly/3J3PN07

Excluded (non-
Sloan optotypes)

06. Peek 
Acuity

Company 
(2016)

Medical Snellen chart: Tumbling E Available 2m or 3m 
(fixed)

Free https://bit.
ly/3sd7yUZ

Excluded (non-
Sloan optotypes)

07. Visual 
Acuity 
Test

Company 
(2010)

Health & 
Fitness

Snellen chart: Landolt C 
chart

Available 0.5m, 1m, 
3m, or 5m 
(fixed)

Free https://bit.
ly/3J0zzoE

Excluded (non-
Sloan optotypes)

08. Eye exam 
Pro

Individual 
(2014)

Medical Snellen chart: Serif letters, 
Landolt C, Tumbling E, 
Picture chart

Not avail-
able

40 cm 
(fixed)

$2.42 https://bit.
ly/32eUDXq

Excluded (opto-
type size details 
not available)

09. EyeQue 
PVT: 
Smart-
phone 
Vision 
Test

Company 
(2017)

Health & 
Fitness

Requires the EyeQue Per-
sonal Vision Tracker (PVT) 
device to take vision tests

Not avail-
able

Not avail-
able

$79.00 
(PVT)

https://bit.
ly/3E2Nxm5

Excluded (opto-
type size and test 
distance details 
not available)

10. Eye Test 
Charts

Individual 
(2015)

Health & 
Fitness

Reduced Snellen chart: 
Serif letters, Landolt C
Color vision, Dietary tips

Not avail-
able

40 cm 
(fixed)

Free https://bit.
ly/3e6s9lo

Excluded (opto-
type size details 
not available, non-
Sloan optotypes)

Table 1 . Characteristics of the Smartphone Applications on the Android Platform (Google Play Store) that were Reviewed for 
Visual Acuity Assessment
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other than English were excluded. If a developer had 
numerous similar types of apps with different names, 
only one relevant app was chosen. The apps developed 
for a purpose other than visual acuity assessment (such 
as games, amblyopia therapy, eye exercises, etc.) were 
excluded. Finally, the apps that were developed and 
received updates between January 2010 and January 
2017 were included for review. The apps were then 
reviewed for the available VA chart, types of optotypes 
and size details, other screening tests, and preferred 
test distance. The name, developer, year of release, 
category, cost, and reason for inclusion/exclusion of 
the apps were recorded. The summary of the reviewed 
apps is shown in Table 1.

For the app equipped with optotype (Sloan letter) 
size details and included in the current study for VA 
assessment, the accuracy of the displayed optotype 
was determined. This was done by measuring the 
actual optotype size displayed on the smartphone 
screen with a ruler and then comparing it with the 
intended linear height of an optotype for a specified 
test distance. A standard Snellen VA chart is designed 
such that each line would theoretically subtend an 
angle of 5 min of arc at the distance specified for that 
specific line. The inverse tangent equation was used to 
estimate the angle of subtense (5 min of arc) and to 
determine the linear height (for instance, 58.2 mm for 
4/40 (equivalent to 6/60) optotype line (Figure 2)).
Phase II – Room illuminance and visual acuity chart 
luminance

A digital lux meter (LX1330B, Walfront, Shenzhen, 
China) was used to measure room illuminance 
(recommended range: 400-600 lux12). Similarly, a 
luminance meter (LS-110, Konica Minolta, Japan) was 
used at 4 meters to measure the luminance level 
of the ETDRS chart and the Android device screen 
(recommended range: 85-300 cd/m2).5

Phase III – Validation of smartphone-based Snellen 
visual acuity chart app 

The participants who met the criteria for inclusion 
(distance VA better than 1.0 logMAR) and were willing 
to participate were enrolled in the study. The study 
involved two independent examiners who measured 
VAs on each participant in the same room at different 
times during the same day to minimize examiner 
bias. Examiner 1 (DC) measured distance VAs with 
a 4-meter Original Series ETDRS Chart “R” (Precision 
Vision, Illinois, USA) fitted into the ETDRS illuminator 
cabinet (Cat. No. 2425Ev3) (Figure 3a). The given ETDRS 
illuminator cabinet was set up with two fluorescent 

lamps, each lamp incorporating a fenestrated sleeve 
(diffuser) to control the light level for very uniform 
illumination across the chart. Examiner 2 (SKG) 
measured distance VAs with a smartphone-based 
Snellen VA chart on an Android smartphone (Coolpad 
Note 3, Coolpad Group Limited, Shenzhen, China) at 
4 meters (Figure 3b). A printed reduced Snellen near 
vision chart with numbers (Near vision Chart Book, 
Aabha Enterprises, India) was used by both examiners 
to record near visual acuity. Monocular uncorrected 
VA (UCVA) was recorded for both distance and near. If 
distance uncorrected VA (UCVA) was worse than 0.00 
logMAR, objective refraction was performed using a 
streak retinoscope (Heine Beta 200, Gilching, Munich, 
Germany), followed by subjective refraction, and 
monocular best-corrected VA (BCVA) was recorded for 
both distance and near.

Each participant was asked to read every optotype 
in a line from top to bottom to a point (endpoint) 
where he/she was not able to recognize the optotype 
or misidentified the optotype twice or more. Here the 
VA assessment was terminated, and measurements 
were recorded by using the letter-by-letter method. 
Each optotype has a score value of 0.02 log units. 
Since there are 5 optotypes per line, the total score 
for a line on the ETDRS chart represents a change of 
0.1 log units.5 The logMAR VA score was calculated by 
using the following formula:

logMAR VA = logMAR value of the best line read + 
0.02 × (number of optotypes missed)

In the smartphone-based Snellen VA chart, one 
optotype was displayed at a time on the screen. A total 
of five optotypes were displayed. Once the participant 
responded to a displayed optotype, the next optotype 
was displayed, and so on, until the endpoint was 
achieved as described above for the ETDRS chart. 
The letter-by-letter method was applied here as well 
to calculate the logMAR VA score by using the above-
mentioned formula (for ETDRS chart). 
Phase IV – Test-retest repeatability

Test-retest repeatability (inter-session) was 
performed on a separate day for both the ETDRS chart 
and the smartphone-based Snellen VA chart. A subset 
of participants from Phase III underwent assessment of 
BCVA with their spectacle correction, if appropriate.
Statistical analysis

VA was the outcome measure in the current study. 
The smartphone-based Snellen VA chart reported the 
VA score in three formats: logMAR notation, Snellen 
fraction, and decimal units. However, only the logMAR 
VA score was recorded for analysis. The data input and 
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statistical analysis were done by using the MedCalc 
Statistical Software version 20.019 (MedCalc Software 
Ltd, Ostend, Belgium; https://www.medcalc.org; 
2021). The Shapiro-Wilk’s test was used to determine 
whether the data was normally distributed. Based on 
the normality of the data, a parametric (paired t-test) 
or non-parametric (Wilcoxon signed rank test) test 
was performed. VA measurements were compared 
between the ETDRS chart and the Snellen Chart app 
using Bland-Altman analysis. A p-value <0.05 was 
considered to be statistically significant.

Results
Phase I

A total of ten smartphone-based VA apps were 
reviewed after fulfillment of inclusion and exclusion 

criteria. Of those apps, the Snellen Chart (v2.5.5) was 
found to be appropriate for this study because the 
actual optotype (Sloan letters) size in the Snellen Chart 
app exactly matched the intended Snellen optotype 
size for all lines (inaccuracy: <0.25 mm, Table 1) at a 
test distance of 4 meters. The Snellen Chart app had 
a single or line option to select the optotype display 
mode in the settings menu. When opting for the 
single optotype display mode in the current study, 
it was found that the Snellen Chart app displayed 
only one optotype at a time; hence, it did not exhibit 
the progression of optotypes like the ETDRS chart. 
Screen brightness and contrast were set at the highest 
available level for all measurements. Other options in 
the Snellen Chart app were set to default settings.

Participants Mean ± SD 
age (years)

Mean ± SD 
SER (D)

Visual acuity Visual acuity 
charts

Median (min 
to max) log-
MAR visual 
acuity 

Hodges-
Lehmann 
median 
difference

95% CI of 
median 
difference

95% CI of LOA 
(logMAR visu-
al acuity)

p-value

All 
(n = 200)

21.23 ± 3.09 -0.58 ± 1.28 Uncorrected ETDRS chart 0.00 (-0.32 to 
1.00)

-0.02 -0.03 to -0.01 -0.16 to 0.22 0.39

Snellen 
Chart app

0.00 (-0.36 to 
1.00)

Best-corrected ETDRS chart -0.10 (-0.32 
to 0.10)

0.00 0.00 to 0.00 -0.01 to 0.01 0.94

Snellen 
Chart app

-0.10 (-0.30 
to 0.10)

Emmetropia 
(n = 126)

21.00 ± 2.72 -0.03 ± 0.14 Uncorrected ETDRS chart -0.08 (-0.32 
to 0.40)

-0.03 -0.04 to -0.02 -0.14 to 0.21 0.06

Snellen 
Chart app

-0.10 (-0.36 
to 0.40)

Best-corrected ETDRS chart -0.10 (-0.32 
to 0.10)

0.00 0.00 to 0.00 -0.012 to 0.014 0.92

Snellen 
Chart app

-0.10 (-0.30 
to 0.10)

Myopia
(n = 68)

22.00 ± 3.39 -1.72 ± 1.66 Uncorrected ETDRS chart 0.49 (0.00 to 
1.00)

-0.01 -0.04 to 0.00 -0.20 to 0.25 0.67

Snellen 
Chart app

0.41 (-0.20 to 
1.00)

Best-corrected ETDRS chart -0.05 (-0.30 
to 0.10)

0.00 0.00 to 0.00 -0.004 to 0.004 0.99

Snellen 
Chart app

-0.05 (-0.30 
to 0.10)

Hyperopia 
(n = 6)

23.00 ± 4.71 +0.73 ± 0.18 Uncorrected ETDRS chart 0.20 (-0.20 to 
0.32)

0.00 -0.02 to 0.10 -0.10 to 0.07 Cannot 
estimate 
p-value 
(small 
sample size)

Snellen 
Chart app

0.25 (-0.20 to 
0.30)

Best-corrected ETDRS chart -0.09 (-0.30 
to 0.00)

0.00 0.00 to 0.00 0.00 to 0.00

Snellen 
Chart app

-0.09 (-0.30 
to 0.00)

Table 2 . Mean ± Standard Deviation (SD) of Age and Spherical Equivalent Refraction (SER); Median (minimum to maximum), 
Median Difference with Limits of Agreement (LOA) for Uncorrected and Best-Corrected LogMAR Visual Acuities with the Standard 
ETDRS Chart and the Snellen Chart App in Different Refractive State



Optometry & Visual Performance 23 Volume 11  |  Issue 1  |  March 2023

While reviewing the Snellen Chart app on two 
Android OS smartphones, the Micromax Canvas Fire 4 
A107 (Micromax Informatics Ltd., Haryana, India) and 
the Coolpad Note 3 (Coolpad Group Limited, Shenzhen, 
China), it was found that the Micromax Canvas Fire 4 
A107 (4.5’’ screen size) did not project the 1.0 logMAR 
optotype at the 4-meter distance. On the other hand, 
the Coolpad Note 3, when held in portrait mode, was 
able to project it because of its larger screen size (5.5’’). 
Hence, the Coolpad Note 3 smartphone was used in 
the current study. This Android smartphone had an IPS 
(In-Plane Switching), HD (High Definition), LCD (Liquid 
Crystal Display) screen with a resolution of 1280x720 
pixels.
Phase II

The average of three measurements taken at each 
of five locations in the room (center of four walls and 
center of the room) at eye level while sitting on the 
examination chair (~0.50 – 0.75 meters from the floor) 
was considered. The average illuminance of the room 
was ~420 lux. The newly purchased retro-illuminated 
ETDRS illuminator cabinet maintained an average 
luminance level of ~180 cd/m2 at a distance of 4 
meters. Similarly, the average background luminance 
level of the newly purchased Coolpad Note 3 Android 
smartphone screen was ~200 cd/m2 at a distance of 4 
meters. 
Phase III

A total of 200 participants (92 males and 108 
females) aged between 17 and 30 years was recruited 
for the study. The mean ± standard deviation (SD) age 
of all participants was 21.23 ± 3.09 years. Wilcoxon 
signed rank test reported no statistically significant 
differences in the overall UCVA (p=0.39) and BCVA 

(p=0.94) between the ETDRS chart and the Snellen 
Chart app (Table 2).

The participants were further classified based on 
their spherical equivalent refraction (SER, defined as 
spherical power plus one-half of cylindrical power) 
into emmetropia (SER within ± 0.50 D, n=126), myopia 
(SER ≤-0.50 D, n=68), or hyperopia (SER ≥+0.50 D, 
n=6). The mean ± SD age and SER for participants with 
different refractive states are reported in Table 2. For 
participants with emmetropia and myopia, Wilcoxon 
signed rank test reported no statistically significant 
differences in the UCVA and BCVA between the ETDRS 
chart and the Snellen Chart app (overall p ≥0.06, Table 
2). Wilcoxon signed rank test could not estimate the 
p-value for participants with hyperopia due to the 
small sample size (n=6).

Bland-Altman plots for limits of agreement in 
UCVA (Figure 4a) and BCVA (Figure 4b) between the 
ETDRS chart and the Snellen Chart app is shown for all 
participants in Figure 4. The Snellen Chart app showed 
good agreement with the ETDRS chart for both UCVA 
and BCVA. The mean difference in the UCVA between 
the ETDRS chart and the Snellen Chart app was 
reported to be 0.03 logMAR (approximately 2 letters), 
with a 95% confidence interval (CI) for this difference 
also being up to 2 letters (95% CI: 0.02 to 0.04 logMAR). 
Similarly, for BCVA, the mean difference between the 
ETDRS chart and the Snellen Chart app was found to 
be 0.001 logMAR (approximately 1 letter) with a 95% 
CI for this difference also being up to 1 letter (95% CI: 
-0.001 to 0.001 logMAR).
Phase IV

For test-retest repeatability of VA measurements 
with the ETDRS chart and the Snellen Chart app, a 

(a) (b)

Figure 4. Bland-Altman plots for limits of agreement between the standard ETDRS chart and the Snellen Chart app for (a) uncorrected 
visual acuity (UCVA) and (b) best-corrected visual acuity (BCVA) measurements
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total of 97 participants from phase III were enrolled 
for BCVA assessment with their spectacle correction, if 
any. Of the 97, 63 were emmetropes (50% of the total 
126 emmetropes), and 34 were myopes (50% of the 
total 68 myopes). Participants with hyperopia were not 
enrolled due to the small sample size (n=6).

Table 3 shows the mean difference ± SD (paired 
t-test) along with the limits of agreement (LOA) 
and coefficient of repeatability (COR) of BCVA 
measurements with the ETDRS chart and the Snellen 
Chart app in participants with emmetropia and 
myopia. Narrower LOA and smaller COR indicate the 
repeatability to be better.32 In the current study, BCVA 
was repeatable within 2 letters (COR=0.04 logMAR) 
with the ETDRS chart and within approximately 3 
letters (COR=0.05 logMAR) with the Snellen Chart app 
in participants with emmetropia (Table 3). Similarly, in 
participants with myopia, BCVA was repeatable within 
approximately 2 letters (COR=0.03 logMAR) with the 
ETDRS chart and within 2 letters (COR=0.04 logMAR) 
with the Snellen Chart app (Table 3).

Discussion 
In the current study, we identified and validated 

a smartphone-based Snellen VA chart against the 
standard ETDRS chart. The study reported that there 
were no statistically significant differences between 
the ETDRS chart and the smartphone-based Snellen 
Chart app for either UCVA or BCVA measurements in 
all participants including emmetropes and myopes. In 
addition, the Snellen Chart app demonstrated good 
agreement with the ETDRS chart for both UCVA and 
BCVA. When checked for test-retest variability, both 
the ETDRS chart and the Snellen Chart app were 
found to have good repeatability (less than one line) 
in participants with emmetropia and myopia.

From Phase I of the current study, we found that 
although there are more than 1000 relevant apps in the 
Google Play Store, the majority lack the strict guidelines 
governing the design of clinical apps and haven’t been 
tested for repeatability or reliability against a validated 
reference standard.16,33,34 Poor mobile health app 

performance may lead to adverse consequences, such 
as generating unreliable and inappropriate clinical 
data and information.35,36 The United States Food and 
Drug Administration has formulated a set of policies 
for device software functions and mobile medical 
applications, with the goal of developing rigorous 
guidelines while developing a medical app.37,38 Given 
the growth of mobile technology in modern medical 
practice,39 all apps designed for clinical decision-
making must be thoroughly inspected, calibrated, and 
validated before they are widely accepted into clinical 
practice.

Earlier studies using iOS (iPad, iPhone, iPod, etc.) 
for measuring VA found that the results were reliable 
and comparable with the standard VA chart measured 
in clinic settings.40-43 However, these are expensive for 
low- and middle-income countries and out of reach 
to the general population.44-46 The Android Operating 
System is reported to be more popular than iOS 
and Windows Phone.47 The smartphone based on 
an Android OS is the most commonly used type of 
smartphone, not only in developing countries but 
also worldwide.48 Hence, in the current study, a cost-
effective smartphone with an Android OS was used. 

The smartphone-based Snellen Chart app used 
in the current study was developed by a Portuguese 
biomedical engineer, João Meneses, in 2016 to provide 
and to empower regular mobile users and healthcare 
professionals with a tool with which they could 
measure VA, based on a classical Snellen VA chart test. 
This mHealth app was developed for an Android OS 
and is currently available for free in the Google Play 
Store. We used this app in the current study because 
it has the useful feature of swipe gestures to navigate 
from optotype to optotype (horizontal swipe for 
optotype randomization within the same line and 
vertical swipe to change the optotype line). This app 
is capable of adapting the VA test to different screen 
sizes, screen resolutions, and testing distances. The 
app also provides an option to choose the input unit 
system (metric or imperial) and the Snellen fraction 
denominator (6/6 or 20/20 format). The screen size, 

Refractive state Visual acuity charts Mean difference 
±SD (logMAR VA)

95% CI of mean 
difference

95% CI of LOA 
(logMAR VA) 

COR (logMAR VA) p-value

Emmetropia
(n = 63)

ETDRS chart -0.04 ± 0.01 -0.04 to 0.02 -0.03 to 0.03 0.04 0.38

Snellen Chart app -0.03 ± 0.01 -0.05 to 0.01 -0.03 to 0.03 0.05 0.65

Myopia (n = 34) ETDRS chart -0.01 ± 0.06 -0.02 to 0.00 -0.01 to 0.01 0.03 0.62

Snellen Chart app -0.01 ± 0.06 -0.02 to 0.02 -0.01 to 0.01 0.04 0.10

Table 3 . Mean Difference ± Standard Deviation (SD) along with Limits of Agreement (LOA) and Coefficient of Repeatability (COR) 
of Best-Corrected LogMAR Visual Acuities Measured on Two Different Days with the Standard ETDRS Chart and the Snellen 
Chart App in Participants with Emmetropia and Myopia
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resolution, and contrast can also be set as per the 
requirement of the examiner and patient. In addition, 
the app also allows the examiner to select the type 
of optotype (Snellen letters, Tumbling E, Landolt C, 
Children symbols, Sloan letters, and Numbers) to be 
presented in either single or line optotype display 
mode. The Snellen Chart app also displays VA in all 
three formats: logMAR notation, Snellen fraction, and 
decimal units (Figure 2). Furthermore, the app system 
allows for the randomization of optotypes, which 
facilitates accurate testing and retesting by minimizing 
chart learning. The app received a recent update in 
November 2022 (v3.1.2) with a few additional tests, 
such as Duochrome, Amsler grid, and Astigmatic fan. 

There are several other viable smartphone-based 
VA apps on the Google Play Store (such as Visual Acuity 
Charts, Eye Chart for Eye Care Professionals, REST 
Rapid Eye Screening Test, OcularCheck: Acuity Exam, 
EyeCharts – Visual Acuity, Snellen Chart, OptoCharts 
– All eye tests, Tumbling E Chart, etc.), which were 
developed after 2017 (after the current study was 
conducted). When grossly screened, these apps appear 
to be good enough for VA assessment. However, 
validation studies are required before adapting them 
clinically.

Phase II of the current study discusses that 
smartphones are, on the whole, more expensive than 
a basic printed Snellen VA chart but less expensive 
than a retro-illuminated ETDRS or Snellen chart.49 Due 
to the size, weight, and power requirements, it is not 
easy to operate retro-illuminated ETDRS or Snellen 
VA tests in outreach eye health camps.50,51 At times, it 
is also difficult to obtain consistent chart luminance 
levels; electronic devices, being self-luminous, would 
overcome this barrier. Also, the conventional Snellen 
or ETDRS chart may get worn off and turn yellowish 
because of the extensive use and mishandling of 
these charts, due to which the color and contrast of 
the charts may degrade over time. This potentially 
affects the accuracy of VA measurement. In contrast, 
smartphones are portable and lightweight, with easy 
access to VA apps. Also, the smartphone’s inbuilt screen 
brightness and contrast remain stable for a longer 
time. Hence, the accuracy of the VA measurements can 
be maintained. However, the actual letter luminance 
and contrast measurement were out of the scope of 
this study.

Modern smartphones and tablets have glossy 
screens, which cause reflections due to bright sunlight 
outdoors. This may lead to glare formation and result 
in poor VA measurement. Previously, the glare was 

eliminated by using an antiglare screen over the 
screen of the tablet being used.52 In addition, it has 
been suggested that the source of light and charts 
should be installed in such a way that the effects 
of glare and reflections are minimal.53 Particularly 
in the case of projected charts, the degradation of 
contrast by ambient light should be avoided or at 
least minimized.54 In the current study, the ETDRS 
chart and the smartphone-based Snellen Chart were 
oriented perpendicular to the floor, and they were also 
positioned facing away from overhead light sources to 
prevent the screen contrast and optotypes from being 
detrimentally affected by glare (Figure 3). Thus, a 
screen guard or anti-reflection screen was not required 
in our study. A broadband anti-reflective surface has 
been recently fabricated with a moth-eye-like structure 
for sunlight-readable flexible display applications.55 
This proposed nanostructure offers excellent optical 
properties, such as low luminous reflectance (~0.23%), 
high transmittance (>95%), and low haze (<1%). This 
could be the future of innovative anti-reflective films, 
and its application in modern smartphones may help 
to get rid of screen glare.

The results of Phase III of the current study were 
obtained from the Bland-Altman analysis. Given that 
the VA data were not normally distributed, the Bland-
Altman analysis (LOA and COR) may not technically be 
valid, but we proceeded with the Bland-Altman analysis 
anyway for comparison to prior works. The results of 
the current study are consistent with the previous 
studies where the Peek Acuity smartphone test9,20-25,56-59 
was reported to be accurate and repeatable compared 
to the VA measured using the 5-letter-per-line retro-
illuminated ETDRS chart, the conventional Snellen VA 
chart, and the COMPlog distance VA chart. Previous 
results also indicated that the smartphone-based VA 
tests agreed well with those of the ETDRS and Snellen 
VA charts.10,21-26,56-59 In addition, previous studies report 
that smartphone-based VA apps can also be used for 
measuring near VA.43,45,59 

In the current study, the agreement between the 
standard ETDRS chart and the smartphone-based 
Snellen Chart app appears to be better for BCVA than 
UCVA. However, for VA screening and measurement, 
particularly in rural areas, UCVA is usually considered 
a more important metric than BCVA. Hence, further 
validation studies are indispensable in the interest of 
the expressed purpose of the study. Good reliability 
and repeatability of the smartphone-based VA apps 
would turn modern smartphones into useful vision 
screening tools to be used in community health 
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programs, especially in rural areas and schools,21,23,25 
without the need for a retro-illuminated ETDRS or 
Snellen chart.58 

Phase IV of the current study reported that the 
test-retest repeatability of BCVA was less than one 
line with both the ETDRS chart and the Snellen Chart 
app in emmetropes and myopes. These measures 
were comparable to earlier studies that included Peek 
Acuity.9,60,61 We determined the repeatability of the 
ETDRS chart and the Snellen Chart app in participants 
with their refractive correction in place (myopes). This 
was done considering that the patients visiting an eye 
hospital would be given the refractive correction for 
optimum BCVA.

In the COVID-19 pandemic, incorporating the 
smartphone-based measures of vision assessment 
was crucial for teleophthalmology because it reduced 
the patient’s expenses and saved travel time.59 This 
also ensured an extent of safety to both the examiner 
and patient. The validated smartphone-based VA 
charts can also be used for self-monitoring of vision 
in patients diagnosed with vision-threatening diseases 
such as diabetic maculopathy, age-related macular 
degeneration, glaucoma, etc.62-64 It may help for 
the easy and early detection of vision change and 
hence, timely referral. Overall, these apps provide a 
way to standardize and to improve the efficiency of 
ophthalmic care.43

Limitations of our study include enrolling 
optometry students of the college rather than the 
traditional patients who could have demonstrated 
real-life challenges while using the smartphone-
based VA app. For participants with visual impairment, 
amblyopia, or ocular pathologies, the test-retest 
repeatability can vary beyond one line.61 VA also 
depends upon various other factors, such as type of 
VA chart used,65,66 resolution of the displayed screen,65 

participant age (children and elderly giving variable 
responses),65,67 optical defocus,68 ocular abnormalities,65 
and the scoring method used to record the VA.66 
In addition, iOS and Windows Phone devices were 
not used in this study. Therefore, future validation 
studies using other smartphone operating systems are 
required to determine whether other devices could be 
of similar clinical use. 

The manner in which the smartphone was held 
in the current study could also have been an issue 
in terms of stability for an extended duration. Over 
time, orientation of the smartphone can vary, as it 
can tilt forward, backward, or towards the right or 
left side. This may hinder and cause potential errors 

in the VA measurements. The use of a stable stand 
along with a fixed smartphone holder is necessary 
to keep the smartphone in the appropriate position 
and orientation, thereby avoiding potential errors in 
VA measurement that might arise. Further validation 
studies evaluating the capability, reliability, accuracy, 
and effectiveness of the smartphone-based VA apps 
assessing near VA in addition to distance VA; involving 
a larger population of different age groups and 
geographical areas (urban vs rural); and including a 
wider range of refractive errors (including hyperopia), 
amblyopia, vision-threatening ocular conditions, 
and low vision with mild/moderate/severe vision 
impairment are necessary to establish the potential 
benefits and challenges of such apps for vision 
screening, clinical assessment, and teleconsultation in 
real-life scenarios.

Conclusions
The standardized and validated smartphone-

based VA apps are innovative and useful because 
they transform an old-style, poster-design test into 
a new, modern, digitalized, intuitive, and ubiquitous 
test. The VAs measured with the smartphone-based 
Snellen Chart app are accurate and in good agreement 
with the standard ETDRS chart, thereby generating 
reliable VA measurement results. Thus, both of the VA 
assessment methods can be used interchangeably. 
The validated smartphone-based VA apps can also be 
widely used for telemedicine and self-monitoring of 
vision, as well as in community outreach and school 
eye healthcare programs. This can aid in the early 
diagnosis of refractive error and referral of many vision-
related disease conditions on time. This may also lead 
to more people receiving timely and appropriate eye 
care via efficient evaluation, diagnosis, treatment, and 
management, helping to control preventable and 
curable visual impairment. 
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ABSTRACT

Background: Globally, access to reliable, 
affordable tools that provide refractions and 
ultimately accurate spectacle prescriptions will 
aid in improving eye health. Our study aimed 
to evaluate a tele-optometric remote refraction 
compared to a traditional in-person subjective 
refraction.

Methods: A cohort of 30 pre-presbyopic 
participants ≥18 years of age at the Illinois College 
of Optometry were recruited to participate in 
this pilot study. Participants completed two 
comprehensive eye examinations. First, the tele-
optometric comprehensive eye examination was 
completed using the DigitalOptometrics platform. 
A remote technician completed refraction, 
followed by videoconferencing with an investigator 
optometrist. This remote eye examination was 
then followed by the in-person comprehensive 
eye examination by a different investigator 
optometrist, with a traditional manifest refraction. 
Both modalities used a Reichart VRx digital 
phoropter.

Results: A total of 60 eyes were evaluated using 
both testing methods. The mean spherical 
equivalent, spherical power, cylindrical power, and 
axis in the tele-optometric remote refractions were 

Introduction 
Visual impairment is a large global burden 

that reduces quality of life and productivity.1-9 It is 
estimated that approximately 400 million individuals 
suffer from visual impairment globally; about half 
of this impairment is due to uncorrected refractive 
error. Uncorrected refractive error is the largest cause 
of preventable blindness, as noted by the World 
Health Organization.1,3,10-12 Globally, access to reliable, 
affordable tools that provide refractions and ultimately 
accurate spectacle prescriptions will aid in improving 
eye health, especially those in rural or underserved 
areas, where access to eye care practitioners may be 
limited. 
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-3.69 D ± 2.81 D, -3.35 D ± 2.68 D, -0.70 D ± 0.81 
D, and 78 ± 77 degrees, respectively, compared 
to -3.58 D ± 2.80 D, -3.23 D ± 2.69 D, -0.68 D ± 
0.71 D, and 81 ± 76 degrees in the in-person 
refraction group, respectively. No statistically 
significant difference was found between the 
spherical equivalent, spherical, cylindrical, and 
axis components of the prescriptions found in 
the tele-optometric examination compared to the 
in-person examination (p=0.82, p=0.82, p=0.93, 
p=0.85, respectively). Ten percent (6) of the eyes 
(4 hyperopic and 2 myopic) were over-minused in 
the tele-optometric examination. 

Conclusions: Using the DigitalOptometrics 
platform, tele-optometric remote refraction by 
a technician was not significantly different when 
compared to a traditional in-person manifest 
refraction in a young, healthy, pre-presbyopic 
adult-student cohort. Attention must be paid to 
low hyperopes and high myopes to ensure that 
they are not over-minused in remote refractions.

Keywords: remote refraction, tele-health, tele-
optometry 
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Tele-health is an advancing field with the 
advent of new technology, software, and legislation 
to support the ever-changing role of healthcare, 
especially in the eye care industry. To date, there 
have been numerous studies demonstrating the 
benefit of tele-retinopathy13-21 and tele-glaucoma22-41 

evaluations to provide care in rural areas or as 
an adjunct to eye care providers. The COVID-19 
pandemic has created a surge in eye care providers 
using tele-health techniques to supplement their 
practice. New companies are being developed in 
the hopes of creating a tele-optometry approach to 
the comprehensive eye examination. Most critically, 
many patients are hoping to use tele-optometry 
as an effective and efficient method to complete 
refraction and to update their spectacles. There 
are products on the market that promote remote 
refractions with varying modalities, where companies 
have used proprietary technology for use at home or 
at the office. There are at-home products that claim 
to provide accurate refractions for patients. There 
are also remote eye examinations at an optometrist’s 
office, during hours when an optometrist is not 
present, that can provide refractions. 

This study aimed to evaluate the validity of a 
remote refraction and determine whether this is 
an effective and accurate method for spectacle 
prescription in an adult-student population. This 
method of remote refraction occurs at an eye 
care physician’s office, with the aid of an on-site 
technician. It does not require an optometrist to be 
physically present, but one must be present remotely. 
Remote optometrists can finalize a patient’s glasses 
prescription virtually. This method can broaden a 
clinic’s ability to prescribe during hours when an 
optometrist is not physically present. It may also 
enhance outreach in rural areas where clinics are 
not easily accessible via travelling clinics or offices 
without optometrists, with the goal of reducing the 
burden for individuals with uncorrected refractive 
error. 

Methods
A cohort of 30 pre-presbyopic, adult-student 

participants ≥18 years of age at the Illinois College 
of Optometry were recruited to participate in this 
pilot study. Exclusion criteria included those with 
active ocular disease or ocular surgery within the last 
90 days. The study proposal was approved by the 
institutional review board (IRB) at the Illinois College 
of Optometry, and it adhered to the tenets of the 

Declaration of Helsinki. Written and verbal consent 
was obtained from all participants. 

Participants completed two eye examinations 
with refractions. First, the tele-optometric eye 
examination was completed. There were three points 
of contact in this examination. First, the patient 
was greeted by an in-person technician for data 
collection at the office. Second, a remote technician 
via the DigitalOptometrics platform completed the 
remote refraction. Third, videoconferencing with 
an investigator optometrist was completed. The 
remote investigator optometrist reviewed the data 
collected during manifest refraction and had the 
ability to re-refract or to make adjustments with 
the digital phoropter. This remote eye examination 
was then followed by the gold-standard in-person 
comprehensive eye examination by a different 
investigator optometrist. A Reichart VRx digital 
phoropter was used by both the remote technician 
and the in-person investigator optometrist.

Distance vision with habitual correction (if 
available) was measured. A Nidek autorefractor 
was used to obtain an autorefraction by the on-
site technician, which was the starting point for the 
manifest refraction by the remote technician. Distance 
and near best-corrected visual acuity were recorded 
after subjective manifest refraction in both arms of 
the study. Both eye examinations included entering 
visual acuities, objective and subjective manifest 
refraction, baseline binocular vision testing, baseline 
accommodative testing, anterior and posterior 
segment evaluation, and intraocular pressure. 

Spectacle prescriptions were compared by two 
independent reviewers to determine whether they 
were valid and accurate. Parameters were set to 
ensure that prescriptions were equivalent: spherical 
component ±0.50 D, cylindrical component ±0.50 D, 
and axis component ±015 degrees. Paired samples 
t-test and Wilcoxon signed rank test were used 
for statistical analysis, and Bland-Altman analysis 
was used to evaluate the agreement between two 
measurements using 95% limits of agreement (LoA).

Results
Thirty participants (60 eyes) were included in 

this study. There were 9 males and 21 females, and 
the mean age of the participants was 24.7 years 
(range 22-33 years). Best-corrected visual acuity was 
tested at the completion of both the tele-optometric 
refraction and the in-person manifest refraction. All 
participants achieved best-corrected visual acuity of 
20/20 in both arms of the study for all eyes.
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Scatterplots of the relationship between the 
spherical equivalents of tele-optometric remote 
refractions and in-person manifest refractions 
were completed (Figure 1). A strong positive linear 
relationship is noted amongst right and left eyes. 
The spherical equivalent between the two methods 
demonstrates a strong correlation (Figure 2) without 
a significant difference between the right and left 
eyes (p=0.87 and p=0.88, respectively). 

No statistically significant difference was 
found between the spherical equivalent, spherical, 
cylindrical, and axis components of the prescriptions 
found in the tele-optometric examination compared 
to the in-person examination given (p>0.05; Table 1). 
The mean spherical equivalent in the tele-optometric 
remote refraction was -3.69 D ± 2.81 D, compared to 
-3.58 D ± 2.80 D in the in-person manifest refraction 
(p=0.82). The mean sphere power in the tele-
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Figure 1. Scatterplots comparing spherical equivalent measurement between tele-optometry remote refraction and in-person manifest 
refraction with trendline analyses between right and left eyes
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Figure 2. Bland-Altman plots comparing difference in spherical equivalent measurement between tele-optometry remote refraction 
and in-person manifest refraction for right and left eyes. Average difference line is plotted with upper and lower confidence intervals. 

In-person manifest refraction
(N=60 eyes)

Tele-optometric remote refraction
(N=60 eyes)

Difference
(N=60 eyes)

Variable Mean (SD) Min Max Median Mean (SD) Min Max Median Mean (SD) Min Max Median P

SE (D) -3.58 (2.80) -9.50 +0.50 -3.50 -3.69 (2.81) -10.25 Plano -3.81 0.26 (0.25) 0 1.00 0.25 0.82

Sphere 
(D)

-3.23 (2.69) -9.25 +0.75 -3.38 -3.35 (2.68) -10.25 +0.25 -3.50 0.24 (0.25) 0 1.00 0.25 0.82

Cylinder 
(D)

-0.68 (0.71) -3.25 Plano -0.50 -0.70 (0.81) -3.75 Plano -0.50 0.13 (0.18) 0 0.50 0 0.93

Axis 
(degree)

81 (76) 1 180 62 78 (77) 5 180 49 4 (7) 0 44 2 0.85

Table 1 . Comparison of Refractive Measures Obtained between Tele-Optometric Remote Refraction and In-Person Refraction
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Figure 3. Scatterplots comparing spherical equivalent, sphere power, and cylinder power for all eyes (N=60) between tele-optometry 
remote refraction and in-person manifest refraction with trendline analyses

Figure 4. Bland-Altman plots comparing difference in spherical equivalent, sphere power, and cylinder power for all eyes (N=60) 
between tele-optometry remote refraction and in-person manifest refraction. Average difference line is plotted with upper and lower 
confidence intervals.
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optometric remote refraction was -3.35 D ± 2.68 
D, compared to -3.23 D ± 2.69 D in the in-person 
manifest refraction (p=0.82). The mean cylinder 
power in the tele-optometric remote refraction was 
-0.70 D ± 0.81 D, compared to -0.68 D ± 0.71 D in the 
in-person manifest refraction (p=0.93). The mean axis 
in the tele-optometric remote refraction was 78 ± 
77 degrees compared to 81 ± 76 degrees in the in-
person manifest refraction (p=0.85). Scatterplots of 
the relationship between spherical equivalent, sphere 
power, and cylindrical power and Bland-Altman plots 
are demonstrated for all eyes (N=60) in Figures 3 and 
4. A strong positive linear relationship is noted for all 
measurements.

Based on the criteria outlined in the methods, 27 
of 30 (90.0%) spectacle prescriptions were equivalent 
between the two examinations. Of the three 
prescriptions that were not equivalent, two cases 
were low hyperopes who were given a low myopic 
prescription in the tele-optometric examination, and 
the third case was a high myope who was given extra 
minus in the tele-optometric examination, outside 
the parameters listed.

Discussion
There are more than 650 million people 

worldwide who have insufficient or no refractive error 
correction.5 Uncorrected refractive error accounts 
for approximately 45% of all visual impairments 
worldwide.1-4, 7-9, 42 Globally, to achieve adequate visual 
acuity, approximately 60% of individuals require 
spectacles or contact lenses.8,43 Tele-optometry 
may provide access to refractions, and ultimately 
spectacle prescriptions, where traditional methods 
may fail. While there are many companies that are 
entering the arena of remote refractions, the data 
presented suggest that most spectacle prescriptions 
via remote examination are accurate for a healthy 
and straightforward patient population. Our data 
suggests that manifest refractions, and ultimately 
spectacle prescriptions, were equivalent between 
tele-optometric remote and the gold-standard in-
person comprehensive eye examinations in this 
adult-student population. This is one of the first 
studies that has evaluated the difference between 
remote refractions and in-person refractions. Our 
study suggests that the differences between spherical 
equivalent, sphere power, cylinder power, and axis 
are not significant in a healthy, pre-presbyopic 
population. This adult-student cohort allowed us to 
validate the technology under optimal circumstances 

to see whether it could be applicable to a broader 
audience. If this technology revealed differences in 
this optimal population, future studies would not be 
warranted. Our results indicate that in this population, 
the tele-optometric remote refraction was similar to 
the traditional in-person refraction for all parameters.

As 90% (27 of 30) of refractions were deemed 
equivalent, close attention was given to the three 
outliers. Two cases were low hyperopes who were 
prescribed low myopic prescriptions in the remote 
refraction. The third case was a high myope who 
was also over-minused in the remote refraction. 
Careful binocular balance should be employed to 
ensure that patients are not over-minused. To ensure 
accuracy, remote optometrists should consider this 
information with low hyperopes and high myopes 
and may want to confirm the binocular balance in 
this pre-presbyopic cohort prior to finalizing the 
spectacle prescription.

One area of research that has been well 
documented is that of portable autorefractors.44,45 
A systematic review by Samanta et al.46 evaluated 
four portable autorefractors (NETRA, Quicksee, 
Retinomax, and SVOne) against subjective refractions. 
Although some differences were found between 
the devices, they had high patient acceptance in 
spectacle prescriptions. A widely studied portable 
auto-refractor is a cell phone-based refractive device, 
Near Eye Tool for Refractive Assessment (NETRA). 
This was developed at the Massachusetts Institute of 
Technology. It provides an interactive and inexpensive 
screening method to estimate the refractive error 
using mobile phones.42,45-47 It has been shown to be 
comparable to other auto-refractors on the market, 
with a mean absolute error of 0.31 ± 0.37 D compared 
to manifest refraction. However, unassisted use of the 
NETRA in pre-presbyopic adults showed a significantly 
more myopic overcorrection of 0.60 D (median) when 
compared to conventional subjective refraction.48 
The findings mirrored similar findings in a different 
study of the NETRA, where absolute differences in 
spherical error of more than 0.50 D for approximately 
60% of eyes were seen when compared to subjective 
refraction.49 SVOne is a portable Hartmann-Shack 
wavefront aberrometer developed by Smart Vision 
Labs in New York that also utilizes a smartphone-
based auto-refractor to aid in refraction for patients. 
When compared to manifest refraction, no significant 
difference was found.50 More research is needed in 
this field to confirm the diagnostic accuracy of such 
systems; however, preliminary data is promising. 
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Autorefractors can complement remote refractions; 
in our study, we used this as the objective starting 
point for subjective refractions.

In 2017, a study out of the Atlanta Veterans Affair 
Eye Clinic hospital-based system evaluated their 
Technology-Based Eye Care Services (TECS) protocol, 
essentially using auto-refraction for a largely 
presbyopic cohort.51 Their study noted that eyeglass 
prescriptions derived mostly from autorefraction 
alone seemed to be well tolerated by the majority 
of patients. The TECS eyeglasses did not result in 
significantly higher returns compared to eyeglasses 
from an in-person examination, whose prescriptions 
derived from traditional manifest refraction 
techniques. This has been stated by others in the 
literature.51-54 

A group in the Netherlands developed a Web-
based test (Easee website https://www.easee.online/
en/) that measures visual acuity and both spherical 
and cylindrical refractive errors. This system can 
measure refractive error with a smartphone and 
standard computer screen. They noted that their 
system was a valid and safe method for measuring 
refractive error in healthy eyes, particularly for mild 
myopia.55 This is a system that can provide reliable 
at-home measurements for spectacle prescriptions 
without the use of a phoropter; however, the remote 
modality studied in this project has the ability to 
perform additional testing (such as binocular vision 
and accommodative testing) and is a responsible 
means of implementing digital eye health beyond 
the glasses prescription to more underserved or rural 
areas.

As our study was a pilot project, a limitation is that 
only one modality of remote refraction was tested. 
While this study evaluated the DigitalOptometrics 
platform, which used a remote technician who 
performed the refraction and a remote optometrist 
who could refine the prescription, it did not evaluate 
other proprietary technology. Results may vary for 
each method. This method relied heavily on a remote 
technician to perform the refraction in the tele-
optometry arm of the study. Although the remote 
optometrist had the ability to repeat manifest 
refraction with the digital phoropter, the reliability 
of the remote refraction was heavily based on the 
quality of the remote technician. In this study, the 
remote technician was a third-year optometry student 
who had been well trained in collecting data and 
using optometric equipment. This study also did not 
evaluate the accuracy of at-home refraction methods. 

Future studies may look to evaluate different remote 
refraction modalities. Another limitation of this pilot 
study is the cohort of participants. The participants 
in this study were all pre-presbyopic, without 
concomitant ocular disease, and were currently 
enrolled optometry students. Hence, these subjects 
were adult students who understood the testing that 
was being performed and who might outperform 
a non-student cohort. Future studies may evaluate 
refractions in a presbyopic cohort and in patients with 
concomitant ocular disease, who are not currently 
enrolled students, to see whether these results are 
reproducible. The results in this study show that this 
technology performs well in an optimal cohort, and 
future data is promising for a broader subject base. 
Another limitation is that the calculated power was 
0.57, which is lower than the traditional 0.8 value.

As it pertains to cost, the equipment used can 
be found at traditional eye care practices. This lowers 
the barrier to entry for a lot of private practices. The 
company in this study (DigitalOptometrics) uses a 
majority of equipment that is already standing in 
practices. The expense for practices would be the fee 
for the company platform and the on-site technician. 
The on-site technician, however, would be a cost 
savings compared to an optometrist on-site. Many 
private practices might use this technology alongside 
regular business hours to see more patients or to 
expand their business hours. This modality could 
expand business hours to weekends or weeknights, 
when working individuals could be seen when it is 
convenient for their schedules and have a digital 
eye examination with glasses prescription. Some 
practitioners could even fit straightforward soft 
contact lenses with this modality using the video 
slit lamp to assess the contact lens fit. The company 
reports that they excel in rural jurisdictions and 
urban areas where they cannot find eye doctors to 
serve the community. The charge for the online 
platform operates on a cost-per-examination fee 
schedule. The company has 2 fee structures: an open 
and closed structure. The open structure allows for 
a practice to use one of the company’s contracted 
remote optometrists. The closed structure allows 
for a practice to use their own hired optometrists to 
remote into the examination to keep continuity of 
care. This may be used in a remote area where an eye 
doctor can remote into multiple practices and still 
maintain seeing their patients from a central location.

Although tele-optometry is not a replacement 
for an in-person eye examination, it may offer some 
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benefits in specific situations. For example, it may 
be used for spectacle prescriptions for routine care 
in a pre-presbyopic cohort, as a screening tool for 
patients who require an in-person eye examination, 
to provide access to patients in remote communities, 
and to ensure minimal contact for patients who have 
concerns due to the COVID-19 pandemic. Participants 
were older than 18 to exclude children and teens. 
As this was a pilot study on graduate students, we 
hope that future studies will evaluate this modality 
in children and its role in vision screenings to allow 
for greater eye care accessibility. At present time, 
legislation has not kept up with the technology 
that is being developed in tele-optometry. In most 
states, the optometrist needs to be present on-site 
for remote eye care. With studies such as this, as well 
as other larger-scale studies, we hope to demonstrate 
the role for this type of eye care delivery and its value 
and use in preventative health care and for eyeglass 
prescriptions for straightforward cases. This can 
increase eye care delivery and screenings nationwide 
(and perhaps internationally as well) to those who 
have limited access. With ongoing advances in 
tele-optometry, remote refractions may provide 
earlier intervention for corrective lenses in rural and 
underserved communities, where an optometric eye 
examination is difficult to attend.

Conclusions 
With the increase in digital exposure across all 

professions to meet the needs of consumers, it is likely 
that tele-optometry will continue to be adopted, not 
only for disease management in rural areas, but also 
for the comprehensive eye examination, including 
refractions. Our data suggests that for a healthy, pre-
presbyopic patient population, a tele-optometric 
remote refraction is not statistically different from 
an in-person refraction. Careful attention should be 
paid to low hyperopes and high myopes who may 
be over-minused in the remote refractions, as these 
cases accounted for the 10% of refractions that were 
deemed non-equivalent. This novel delivery of eye 
care may hold possibilities for earlier intervention 
for refractive conditions and may provide more 
widespread access to alleviate the burden of 
uncorrected refractive error.
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ABSTRACT

Background: Current research in the realm of tele-
optometric examinations is largely focused on the 
refractive and ocular health components of the 
exam. The purpose of this study was to evaluate 
the validity of binocular vision and accommodative 
testing in a tele-optometric examination compared 
to an in-person examination. 

Methods: Thirty students, ≥18 years old, 
at the Illinois College of Optometry were 
recruited to participate in this study. A tele-
optometric examination was completed using 
the DigitalOptometrics platform, followed by a 
standard in-person examination. The following 
tests were performed in both examinations: 
near horizontal heterophoria by von Graefe, 
near negative and positive fusional vergences 
(NFV and PFV, respectively) by Risley prism, and 
accommodative testing with fused cross-cylinder 
(FCC).

Results: The mean near horizontal heterophoria 
by von Graefe was 2.09Δ ± 6.73∆ exophoria in the 
tele-optometric examinations and 2.07Δ ± 6.54∆ 

exophoria in the in-person examinations, with 
no statistically significant difference between 
the two examinations (p=0.98). The mean NFV 

Introduction
The field of tele-health has had exponential 

growth in recent years due to innovations in digital 
technologies, the basic need to provide healthcare to 
a growing and aging population, and an increasing 
interest, largely driven by the COVID-19 pandemic, 
from both the public and medical communities.1,2 In 
2019, the World Health Organization (WHO) released 
recommendations to include digital interventions in 
an effort to strengthen our current health system.3 
These guidelines recognized the use of digital 
technology in strengthening the health system and in 
reducing health inequalities, particularly in rural and 
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break and recovery in the tele-optometric 
examination were 10.85∆ ± 3.17∆ and 7.08∆ ± 
3.03∆, respectively, and 23.40∆ ± 7.71∆ and 15.38∆ 
±7.31∆, respectively, in the in-person examination, 
with a statistically significant difference (for both, 
p<0.0001). The mean PFV break and recovery in 
the tele-optometric examination were 13.50Δ ± 
4.24Δ and 9.36Δ ± 4.68Δ, respectively, and 25.86Δ ± 
10.48Δ and 16.54Δ ± 7.18Δ, respectively, in the in-
person examination, with a statistically significant 
difference (break: p=0.001, recovery: p=0.004). 
Agreement of NFV and PFV between the two 
examinations was poor. The average FCC in the 
tele-optometric versus in-person examination was 
+0.67 D ± 0.51 D and +0.96 D ± 0.33 D, respectively, 
with a statistically significant difference between 
the two examinations (p=0.012).

Conclusions: The tele-optometric and in-
person examinations had fair agreement on near 
heterophoria but poor agreement on break and 
recovery values of NFV and PFV. Accommodative 
testing with FCC was not equivalent between the 
two exams. 

Keywords: accommodative testing, binocular 
vision, tele-optometry
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underserved areas. While the WHO recognized that 
tele-health technologies can positively impact access 
to healthcare for many globally, careful evaluation of 
their benefits versus risks should be weighed before 
implementing these technologies on a large scale to 
avoid taking resources away from other, non-digital 
means of healthcare.3,4

Tele-health in eye care has been catapulted 
by new improvements in digital technologies, as 
well as by legislative changes during the COVID-19 
pandemic. The global crisis provided a unique 
opportunity to test new platforms and to expand 
patient outreach via tele-health platforms.1,5,6 These 
services allow eye care providers to reach underserved 
and remote communities, as well as to open the 
doors for co-management between optometrists 
and ophthalmologists in areas where there may 
be a shortage of specialists.7-10 Thus far, tele-health 
services and research in eyecare have predominantly 
focused on spectacle prescriptions and anterior 
and posterior segment health examination, with 
a heavy emphasis on retinal health and glaucoma 
diagnosis and treatment.11-21 To date, there have been 
no studies that compare the binocular vision and 
accommodative test results between tele-optometric 
and in-person examinations. 

This study aimed to evaluate the validity of 
binocular vision and accommodative testing in tele-
optometric examinations compared to in-person 
comprehensive examinations. Both binocular vision 
and accommodative testing are important aspects 
of the comprehensive eye examination, especially in 
the pre-presbyopic population.22-25 As interest in tele-
optometry grows and emerging eye examination 
innovations become more widely accepted, it is 
imperative to know how these components of 
the comprehensive eye examination compare in a 
tele-optometric examination versus an in-person 
examination. From this information, we can gain a 
better understanding of what improvements need to 
be made in the tele-optometric examination. 

Methods 
A cohort of 30 pre-presbyopic students, ≥18 

years old, at the Illinois College of Optometry were 
recruited to participate in this pilot study, excluding 
those with active ocular disease or ocular surgery 
within the last 90 days. The study proposal was 
approved by the institutional review board (IRB) at 
the Illinois College of Optometry, and it adhered to 
the tenets of the declaration of Helsinki. Written and 
verbal consent were obtained from all participants.

Participants completed two separate 
comprehensive eye examinations on the same day. 
First, a tele-optometric examination was completed 
via the DigitalOptometrics platform, including 
a remote refraction with binocular vision and 
accommodative testing by a remote technician and 
videoconferencing with an investigator optometrist. 
This was followed by a standard in-person examination 
by a different investigator optometrist. Entering 
visual acuities, entrance testing, objective and 
subjective manifest refraction, near binocular vision 
testing, accommodative testing, intraocular pressure, 
and anterior and posterior segment evaluation were 
included in both the tele-optometric and in-person 
examinations.

An autorefraction was obtained with a Nidek 
autorefractor. This was used as an objective starting 
point for refraction by both the remote technician in 
the tele-optometric examination and the investigator 
optometrist in the in-person examination. In both 
examinations, the manifest refraction was performed 
with the Reichart Phoroptor VRx Digital Refraction 
System. Both the remote investigator optometrist 
and the in-person investigator optometrist reviewed 
the data to determine the final spectacle prescription 
to be released. This spectacle prescription was 
used as the control lens for binocular vision and 
accommodative testing.

Binocular vision and accommodative testing 
were performed behind the Reichart Phoroptor VRx 
Digital Refraction System in both the tele-optometric 
and the in-person examinations. The following 
binocular vision measurements were collected for 
both examinations: near horizontal heterophoria by 
von Graefe and near negative fusional vergences 
(NFV) and positive fusional vergences (PFV) by Risley 
prism. Near horizontal heterophoria was performed 
first. NFV was then measured before PFV; base-in 
blur, break, and recovery were performed before 
base-out blur, break, and recovery. Paired samples 
t-tests were used for statistical analysis, and Bland-
Altman analysis was used to evaluate the agreement 
between the two examinations using the 95% limits 
of agreement (LoA). 

In both the tele-optometric and the in-person 
examinations, accommodative testing was performed 
after binocular vision testing. Fused cross cylinder 
(FCC) testing was performed in both the tele-
optometric and in-person examinations to measure 
the accommodative response. Paired samples t-test 
and Wilcoxon signed rank test were used for statistical 
analysis. 
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Results
Thirty participants were included in this study. 

There were 9 males and 21 females, and the mean age 
of the participants was 24.7 years, with ages ranging 
from 22-33 years. All participants’ best-corrected 
visual acuity was 20/20 OD and OS. All participants 
were able to complete the binocular vision and 
accommodative testing in both the tele-optometric 
and the in-person examinations.

The mean near horizontal heterophoria by 
von Graefe was 2.09Δ ± 6.73Δ exophoria in the tele-
optometric examination and 2.07Δ ± 6.54Δ exophoria 

in the in-person examination, with no statistically 
significant difference between the two examinations 
(p=0.98). Agreement of near horizontal phoria 
between the two tests was fair, with 95% limits 
of agreement (LoA) of ±8.9∆ (Figure 1). The mean 
NFV break and recovery in the tele-optometric 
examination were 10.85Δ ± 3.17Δ and 7.08Δ ± 3.03Δ, 
respectively, and 23.40Δ ± 7.71Δ and 15.38Δ ± 7.31Δ, 
respectively, in the in-person examination, with a 
statistically significant difference noted (for both, 
p<0.0001). Agreement of NFV between the two 
examinations was poor, with 95% LoA of ±11.80Δ 
and ±12.47Δ for break (Figure 2) and recovery (Figure 
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Figure 1. Bland-Altman plot showing the agreement in near 
horizontal heterophoria measurement between the tele-
optometric and the in-person examination. The mean difference 
in near horizontal heterophoria between the tele-optometric and 
the in-person examination is plotted against the mean of the two 
examinations.
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Figure 2. Bland-Altman plot showing the agreement of base-in 
break between the tele-optometric and the in-person examination. 
The mean difference in base-in break between the tele-optometric 
and the in-person examination is plotted against the mean of the 
two examinations.
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Figure 3. Bland-Altman plot showing the agreement of base-
in recovery between the tele-optometric and the in-person 
examination. The mean difference in base-in recovery between 
the tele-optometric and the in-person examination is plotted 
against the mean of the two examinations.
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Figure 4. Bland-Altman plot showing the agreement of base-
out break between the tele-optometric and the in-person 
examination. The mean difference in base-out break between the 
tele-optometric and the in-person examination is plotted against 
the mean of the two examinations.
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3), respectively. The mean PFV break and recovery 
in the tele-optometric examination were 13.50Δ ± 
4.24Δ and 9.36Δ ± 4.68Δ, respectively, and 25.86Δ ± 
10.48Δ and 16.54Δ± 7.18Δ, respectively, in the in-
person examination, with statistical significance 
(break: p=0.001, recovery: p=0.004). Agreement of 
PFV between the two examinations was poor, with 
95% LoA of ±22.39Δ and ±15.21Δ for break (Figure 
4) and recovery (Figure 5), respectively. In the tele-
optometric examinations, 10% (3/30) of the subjects 
were found to have abnormal binocular vision 
compared with the in-person examinations, which 
found 27% (8/30) of the subjects to have abnormal 
binocular vision. 

The average FCC in the tele-optometric versus in-
person examination was +0.67 D ± 0.51 D and +0.96 
D ± 0.33 D, respectively, with a statistically significant 
difference between the two examinations (p=0.012). 
When further analyzing the tele-optometric versus 
in-person results, 27% (8/30) of the subjects showed 
equal findings, and 13% (4/30) of the subjects 
showed greater lag of accommodation with the tele-
optometric examination. Conversely, 60% (18/30) of 
the subjects showed a greater lead of accommodation 
with the in-person examination. 

Discussion
With increasing interest in tele-optometric 

eye examinations and new digital technologies 
advancing at a rapid rate, it is important to evaluate 
the reliability of binocular vision and accommodative 
testing using a tele-optometric eye examination. 

This modality of health care delivery may attract a 
higher percentage of young, pre-presbyopic patients, 
who may be more likely to have abnormal binocular 
vision or accommodative findings. The 2021 State 
of Healthcare Report26 surveyed patients from 225 
health systems in the United States on digital health. 
The results showed that the perception of digital 
health care delivery was dependent on the patient’s 
generational category. In the younger generations, 
including Gen Z, millennials, and Gen X, 71% preferred 
tele-health to in-person because of the convenience, 
with 44% of Gen Z and millennials reporting that they 
would consider switching providers if a tele-health 
option was not offered post-pandemic.26 Additionally, 
these younger, pre-presbyopic patients may be more 
susceptible to digital eye strain due to the nature 
of their avocation and vocation, as well as the shift 
to greater use of digital devices in school and at 
work during the COVID-19 pandemic. Digital eye 
strain has a multifactorial etiology due to the use of 
digital screens and may cause a variety of symptoms. 
Binocular dysfunction and accommodative problems 
are commonly contributing factors in patients 
who are symptomatic for digital eye strain, and 
comprehensive eye examinations are important to 
identifying these factors and alleviating the patients’ 
symptoms.27,28

In this study, the tele-optometric and in-person 
examinations showed fair agreement on near 
horizontal heterophoria but poor agreement on break 
and recovery values for NFV and PFV. When fusional 
vergences were repeated, it was recognized that the 
second measurement might have been significantly 
different from the first measurement.29-31 The tele-
optometric examinations also missed a significant 
number of subjects with abnormal binocular vision 
compared with the in-person examination. One 
explanation is that due to using a remote investigator 
in the tele-optometric examination, a cover test was 
not and could not be performed. It is possible that 
if a patient had a strabismus and was suppressing, 
this finding would not be identified during the tele-
optometric examination.

Our data suggests that accommodative testing 
with the FCC method is not equivalent between the 
tele-optometric and in-person eye examinations. 
A greater lead of accommodation was found in the 
in-person examination versus the tele-optometric 
examination in 53% of patients. One explanation is 
that FCC is a subjective test, and it is possible that 
the subjects’ responses may have varied between the 
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Figure 5. Bland-Altman plot showing the agreement of base-
out recovery between the tele-optometric and the in-person 
examination. The mean difference in base-out recovery between 
the tele-optometric and the in-person examination is plotted 
against the mean of the two examinations.
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two examinations. The endpoint of FCC relies on the 
patient’s ability to relax accommodation. This study 
also examined FCC on only pre-presbyopic patients, 
who may not have a static accommodative response.32 
It is important to note that the control lenses used 
for the tele-optometric examination may have been 
different from the in-person examination, depending 
on the spectacle prescription that was found on 
both examinations. Lag of accommodation can be 
attributed to accommodative deficiency, but it also 
may be a result of uncorrected or under-corrected 
hypermetropia.32 The refractive results of this study 
revealed that two hyperopes were prescribed low 
myopic prescriptions in the remote refraction in the 
tele-optometric examination. This may have affected 
their response on FCC testing in the tele-optometric 
examination. In comparing the repeatability of 
accommodative response, one study compared Nott 
retinoscopy, monocular estimation method (MEM) 
retinoscopy, FCC, and near autorefractometry. It was 
found that Nott retinoscopy was the most repeatable 
measurement of accommodative response, with 
FCC being second.32 Therefore, careful consideration 
should be given when choosing FCC as the sole 
method in evaluating the accommodative system.

One limitation of this study is that only pre-
presbyopic students from the Illinois College of 
Optometry were recruited to participate. A patient 
population of only optometry students may be a 
biased sample from which to draw a conclusion for 
comparison, as this population is exposed to greater 
than average binocular and accommodative stress. 
However, this age range of patients may also be more 
likely to undergo a tele-optometric examination than 
other generations.

The results from this study highlight several key 
areas that should be taken into consideration that 
could help to improve the quality of tele-optometric 
examinations. With binocular vision testing, it should 
be noted that digital phoropters only allow for Risley 
prism fusional vergences to be measured with a 
step vergence technique rather than the standard 
smooth prism technique. In young adults, there is 
fair repeatability in results when Risley prism fusion 
vergences are measured with smooth prism.33 
Furthermore, several studies have shown that the 
findings between smooth and step vergences are 
different.34,35 If digital phoropters and tele-optometric 
platforms can correct for this, horizontal fusional 
vergences may be more repeatable between the two 
exams. In addition, measurement of accommodative 

function with minus lens amplitude may prove to be 
less statistically different between the tele-optometric 
and the in-person examinations. This method is more 
repeatable than push-up and pull-away techniques 
and can be performed in-phoropter for both the 
tele-optometric and the in-person examination and 
therefore should be considered in future studies.36

Conclusions 
As digital innovations continue to advance the 

field of tele-health, there is growing promise with the 
role of tele-health in eye care. Current research and 
technology thus far have focused on the refractive and 
ocular health components of the comprehensive eye 
examination. There is value in assessing the validity 
of tele-health in binocular vision and accommodative 
testing to better understand which patient populations 
may be best served with the option for tele-
optometric eye examinations. Our findings indicate 
that near horizontal heterophoria measurements are 
comparable between tele-optometric and in-person 
examinations, and there is no statistical significance 
between the two examinations. However, there is 
poor agreement on the break and recovery results 
of NFV and PFV. Accommodative testing with FCC is 
also not equivalent between the tele-optometric and 
the in-person examinations. Further studies with a 
larger and more diverse subject pool are required to 
determine whether these results can be extrapolated 
to the general population, as this modality of eye 
care continues to attract interest and holds potential 
in reducing disparities in access to eye and vision 
care in rural and underserved areas.
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ABSTRACT

Background: The global COVID-19 pandemic has 
accelerated the transition from traditional care to 
telehealth in many facets of healthcare.  Access 
to healthcare in otherwise remote locations, 
increased accessibility to appointments, and 
continuity of care are some of the more apparent 
advantages. This study aimed to compare anterior 
segment findings, posterior segment findings, 
and intraocular pressure (IOP) measurements 
between traditional in-person examination and 
tele-optometric examination.  

Methods: A cohort of 30 optometry students was 
recruited to complete two comprehensive eye 
examinations. A tele-optometric comprehensive 
eye exam was completed by an in-person technician 
via the DigitalOptometrics platform and video 
conferencing with an investigator optometrist. 
This was then followed by the gold standard in-
person comprehensive eye exam by one of the 
investigator optometrists. Both eye examination 
methods included anterior and posterior segment 
evaluation, as well as IOP measurements. The tele-
optometric examination used a 14-second Reichert 
slit lamp video recording to evaluate the anterior 
segment and the Eidon ultra-widefield retinal 
photographer to evaluate the posterior segment. 
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DFE was completed with 90D biomicroscopy and 
binocular indirect ophthalmoscopy. Intraocular 
pressure (IOP) measurements were taken via 
non-contact tonometry (NCT) by an in-person 
technician for the telehealth exam, while the 
gold standard IOP measurement, Goldmann 
applanation tonometry (GAT) with Fluress, was 
taken by the investigator optometrist.

Results: In chi-square statistical analysis, there 
was a statistically significant difference between 
telehealth and in-person anterior segment findings 
(χ2=6.8 and p=0.009). Further analysis with Fisher’s 
exact test also showed a significant difference in 
anterior segment findings between telehealth and 
in-person (p=0.031). We could not perform chi-
square statistical analysis on posterior segment 
findings because the data was not validated for chi-
square analysis.  In t-test statistical analysis, there 
was no statistically significant difference between 
telehealth and in-person IOP OD (p=0.166) and 
OS (p=0.076) measurements. The agreement in 
IOP between telehealth and in-person was also 
evaluated with Bland-Altman analysis, using the 
95% limits of agreement, which corresponds 
to ±1.96* standard deviation of the differences 
between telehealth and in-person measurement. 

Conclusion: Based on our study design, we cannot 
conclusively state that telehealth is comparable to 
in-person exams when comparing anterior and 
posterior segment findings. When comparing IOP 
measurements, NCT in telehealth exams and GAT 
in in-person exams, the findings were comparable 
in accuracy. We are aware that there are trends in 
our results, but future studies should be designed 
specifically to address these gaps in analysis and 
limitations.  
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tele-ophthalmology, tele-optometry
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Introduction
Healthcare has experienced a recent acceleration 

towards telehealth. This has been most apparent 
since the COVID-19 pandemic, which has catapulted 
many healthcare fields to transition care to telehealth 
versus the traditional methods of real-time or face-
to-face examinations. Eye care has emerged at 
the forefront of this transition with technological 
advances that not only further enable the visualization 
of ocular structures non-invasively but also allow 
for testing via remote methods.1-5 The potential to 
provide increased healthcare in areas with otherwise 
limited access is the main advantage of telehealth. 
Other advantages such as elimination of travel time, 
greater access to appointments, and convenience to 
both patient and provider have emerged. In recent 
unprecedented times, telehealth has surfaced to 
be a safer alternative to traditional exams without 
the potential for unnecessary coronavirus exposure 
or loss of care.2 Undoubtedly, there has been some 
hesitancy towards adopting this newer method of 
eye care delivery due to questionable reliability 
as compared to traditional methods, but recent 
studies have strongly demonstrated the contrary. The 
effectiveness of this powerful tool for both screening 
measures and diagnosis of some of the most 
common acute and chronic ocular diseases in both 
adult and pediatric patients is strongly apparent.4-6 
This study in particular aimed to determine whether 
tele-optometric examination is comparable to the 
traditional in-person examination when diagnosing 
anterior and posterior ocular health abnormalities, as 
well as when measuring intraocular pressures (IOP) in 
a cohort of optometry students.

Methods
This prospective study was conducted at the 

Illinois College of Optometry. The study proposal was 
approved by the institutional review board (IRB) at 
the Illinois College of Optometry, and it adhered to 
the tenets of the declaration of Helsinki. A cohort of 
30 optometry students was recruited to participate in 
the study, excluding those with known active ocular 
disease or recent ocular surgery. There were 9 males 
and 21 females in the study; the mean age of the 
participants was 24.7 years old with a range from 
22-33 years. All chart documentation of data was 
reviewed separately for both anterior segment and 
posterior segment abnormalities by three different 
reviewers. An agreement was considered such if the 
same findings were noted in both telehealth and in-
person exams.

Written and verbal consent were obtained from 
all participants. All participants completed two 
comprehensive eye examinations. A tele-optometric 
comprehensive eye exam was completed by an 
in-person technician via the DigitalOptometrics™ 
platform and video conferencing with an 
investigator optometrist. This was then followed 
by the gold standard in-person comprehensive 
eye exam by one of the investigator optometrists. 
Both eye examination methods included anterior 
and posterior segment evaluation, as well as IOP 
measurement. The tele-optometric examination 
used a 14-second Reichert slit lamp video recording 
to evaluate the anterior segment and the Eidon 
ultra-widefield retinal photographer to evaluate the 
posterior segment. The in-person examination used 
traditional slit lamp examination methods, as well as 
dilation with 2.5% phenylephrine (Paragon BioTeck, 
Inc., Portland, OR) and 1% tropicamide (Bausch + 
Lomb, Tampa, FL). Dilated fundus examination was 
completed with 90D biomicroscopy and binocular 
indirect ophthalmoscopy (BIO). IOP measurements 
were taken via NCT by an in-person technician for 
the telehealth exam, while the gold standard of IOP 
measurement, GAT with Fluress, was taken by the 
investigator optometrist. A one-sample Kolmogorov-
Smirnov test was performed to test the distribution 
of IOP OD and OS for in-person and telehealth. This 
test showed a normal distribution and a p>0.05. Thus, 
independent t-test was performed to compare IOP by 
telehealth to that by in-person examination. The chi-
square test was used for anterior segment statistical 
analysis, while t-test and Bland-Altman were used 
for statistical analysis of IOP measurements.  We 
could not perform chi-square statistical analysis on 
posterior segment findings because the data was not 
validated for chi-square analysis.

Results
Anterior Segment

When comparing anterior segment results 
between telehealth and in-person examination, 23 
participants out of 30 (77%) matched in findings. The 
specific anterior segment findings that were noted 
can be found in Figure 1, while the specific anatomical 
locations can be found in Figure 2. In chi-square 
statistical analysis, there was a statistically significant 
difference between telehealth and in-person anterior 
segment findings (χ2=6.887 and p=0.009). Further 
analysis with Fisher’s exact test also showed a 
significant difference in anterior segment findings 
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Figure 1. Comparison of telehealth vs. in-person anterior segment findings by diagnosis
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Figure 2. Comparison of telehealth vs. in-person anterior segment findings by anatomical location



Optometry & Visual Performance 49 Volume 11  |  Issue 1  |  March 2023

between telehealth and in-person (p=0.031). Please 
refer to Table 1 for the Anterior Cross Tabulation data.
Posterior Segment

When comparing posterior segment results 
between telehealth and in-person examination, 28 
participants out of 30 (93%) matched in findings. The 
specific posterior segment findings that were noted 
can be found in Figure 3, while the specific anatomical 
locations can be found in Figure 4. Chi-square 
statistical analysis was not able to be performed on 
posterior segment findings because the data was not 
validated for chi-square analysis. Please refer to Table 
2 for the Posterior Cross Tabulation data.

Sensitivity and specificity of telehealth in 
identifying anterior segment abnormalities were 
42.9% and 84.6%, respectively. Because telehealth did 
not identify any abnormalities in posterior segment 
findings, sensitivity was 0.0% and specificity was 
100%. The receiver operating characteristic (ROC) 
curve for anterior segment findings reveals an area 
under the curve (AUC) of 0.693 (95% CI: 0.44 to 0.95), 
while the ROC curve for posterior segment findings 
reveals an AUC of 0.500 (95% CI: 0.08 to 0.92).
IOP measurements

The IOP measurements ranged from low to normal 
in both telehealth (9-20 mmHg) and in-person (11-20 

mmHg). NCT measurements via telehealth averaged 
an IOP of 14.30 OD with SD ±3.92 and an IOP of 14.37 
OS with SD ±3.69 mmHg, while GAT measurements via 
in-person exam averaged an IOP of 14.90 OD with SD 
± 3.52 and an IOP of 15.07 OS with SD ± 3.42 mmHg, 
respectively. There was no statistically significant 
difference between telehealth and in-person IOP 
OD (p=0.166) and OS (p=0.076) measurements. The 
agreement in IOP between telehealth and in-person 
was also evaluated with Bland-Altman analysis, using 
the 95% limits of agreement, which corresponds 
to ±1.96* standard deviation of the differences 
between telehealth and in-person measurement. The 
agreement was ±4.8 mmHg OD and ± 4.1 mmHg OS, 
with 83% of results being within ±2.5 mmHg OD and 
80% of results being within ±2.5 mmHg OS. 

Discussion
Anterior Segment

The results showed that although both telehealth 
and in-person examinations revealed anterior segment 
abnormalities, in seven participants, the results were 
not equivalent (Table 3). In one participant, the 
telehealth exam noted an abnormality while the in-
person examination did not. In three participants, 
the in-person examination noted an abnormality 
while the telehealth examination did not. In the 
remaining three participants, both telehealth and in-

AnteInPerson

No Yes Total

Yes = healthy
No = abn 

Yes Count 3 1 4

% within 
AnteInPerson

42.9% 4.3% 13.3%

No Count 4 22 26

% within 
AnteInPerson

57.1% 95.7% 86.7%

Total Count 7 23 30

% within 
AnteInPerson

100% 100% 100%

Table 1 . Cross Tabulation of Anterior Segment Findings

PostInPerson

No Yes Total

PostTele Yes Count 2 28 30

% within 
PostInPerson

100% 100% 100%

Total Count 2 28 30

% within 
PostInPerson

100% 100% 100%

Table 1 . Cross Tabulation of Posterior Segment Findings

Subject Anterior segment pathology 
observed

Eye Tele-optometry examination 
(14s anterior segment video)

In-person examination 
(slit lamp biomicroscopy)

4 Superficial punctate keratits OU Not observed Observed

7 Inferior trichiasis OU Observed Observed

7 Papillae OU Not observed Observed

12 Inferior nevus OS Observed Not observed

12 Capillary hemangioma OD Not observed Observed

21 Papillae OU Not observed Observed

22 Inferior nasal pannus OS Observed Not observed

22 Corneal neovascularization OU Not observed Observed

24 Blepharitis OU Not observed Observed

29 Meibomian gland dysfunction OU Observed Not observed

Table 3 . Comparison of Anterior Segment Findings in 7 Participants in Disagreement Between the 2 Methods of Collection
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Figure 3. Comparison of telehealth vs. in-person posterior segment findings by diagnosis

Figure 4. Comparison of telehealth vs. in-person posterior segment findings by anatomical location



Optometry & Visual Performance 51 Volume 11  |  Issue 1  |  March 2023

person examinations determined abnormalities, but 
different findings were documented for the same 
patient. Our chi-square analysis revealed that results 
were statistically significant; 23% of our participants 
did not match in findings when comparing the two 
modalities. This percentage bears clinical relevance, 
and considerations are given for why this may have 
been the case. A major limitation in the telehealth 
examination was the inability to perform a more 
dynamic slit lamp examination and the lack of ability 
to focus on small opacities. An example of this is the 
marked difference in diagnosis of papillae in-person 
vs. telehealth (Figure 1), which can be explained by 
the inability to evert the eyelids during the telehealth 
examination. Although the 14-second prerecorded 
Reichert slit lamp video was of high image quality, the 
remote clinician was limited to a view of the patient’s 
eye in primary gaze without the ability to change 
magnification, vary illumination, or manipulate the 
instrumentation independent of the technician. This 
study did not have the remote technician ask the 
patient to look in varying gazes, evert upper and 
lower eyelids, change magnification, or focus farther 
in particular areas of concern. The remote clinician 
did have the ability to replay, pause, and restart the 
video. These interactive options, if available, might 
all have helped to further diagnose anterior segment 
disease.

At the time of this study, the Reichert Video 
had not been evaluated for sensitivity or specificity 
in anterior segment diagnosis, but there have 
been multiple studies using a variety of equipment 
that have focused on improving anterior segment 
diagnosis. The iTouch5G (Apple, Cupertino, CA), 
the Nidek Versacam (Nidek, Fremont, CA), and 
PictorPlus (Volk, Cleveland, OH) have all been 
compared for sensitivity and specificity. The iTouch, 
a smartphone camera, was first compared to the 
Nidek Versacam, a diffuse light ophthalmic camera, 
with lens attachments for both anterior and posterior 
segment evaluation. Depending on the diagnosis, 
the sensitivity for the iTouch ranged from 54% to 
71%, while the sensitivity for the Nidek Versacam 
ranged from 66% to 75%. The specificity ranged from 

82% to 96% for the iTouch and from 91% to 98% for 
the Nidek Versacam. The PictorPlus, a nonmydriatic 
portable camera with anterior and posterior segment 
attachments, was found to have a sensitivity of 87% 
to 88% in conjunction with a patient clinical history.7-9 
One of the more intriguing options may be a remote 
controlled robotic stereo slit lamp developed by 
Nankivil et al.10 Their development of a modified 
commercial slit lamp, the Zeiss 100, allows control 
of all optical and mechanical components remotely. 
Adjustments such as “light intensity, slit width, slit 
height, slit angle, biomicroscope position (front to 
back, side to side, up and down), and microscope 
magnification could all be adjusted from a remote 
location.”10 The slit lamp also allows for real-time 
stereoscopic imaging, control/position indicators, 
video, audio, and multiple examiners to view and 
to control the slit lamp simultaneously. This allows 
for collaboration between examiners from multiple 
remote locations to discuss diagnosis and treatment 
options for the patient further.10 Diagnosis of anterior 
segment pathology via remote methods is possible, 
but as multiple reviews have shown, diagnostic 
accuracy can vary widely depending on the pathology 
in question and the modality of imaging used. For 
the purposes of this study, the ability to assume 
control or to request real-time changes remotely, 
such as adjustments to slit lamp illumination, width 
size, magnification, etc., might have lessened the 
discrepancy between in-person and tele-optometric 
findings.
Posterior Segment

The telehealth examination did not note any 
abnormal posterior segment findings, as compared 
to in-person examination, which observed two 
significant peripheral findings in two participants; 
7% of our participants did not match in findings 
when comparing the two modalities (Table 4). From 
a clinician’s point of view, careful consideration must 
be given as to why the peripheral findings were not 
noted on the telehealth exam. The Eidon fundus 
camera, which was the camera used in our study, 
captured high-quality, 60-degree, two-dimensional 
fundus images of the posterior pole, nasal, temporal, 

Subject Posterior segment pathology 
observed

Eye Tele-optometry examination
(Eidon ultra widefield retinal
camera)

In-person examination
(dilated fundus exam with 90D 
biomicroscopy and BIO)

6 Vitreoretinal tuft OU Not observed Observed

22 Lattice degeneration OU Not observed Observed

Table 4 . Comparison of Posterior Segment Findings in 2 Participants in Disagreement Between the 2 Methods of Collection
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superior, and inferior quadrants. The remaining 
peripheral fields of view were not captured within its 
mosaic. The remote clinician was easily able to magnify 
all images for further evaluation. Quite possibly, a 
larger mosaic encompassing these absent fields of 
view would have enhanced the remote clinician’s 
ability to diagnose peripheral retinal disease. This 
specific limitation can be visualized in Figure 4; when 
comparing diagnosis between telehealth and in-
person examination, the biggest disparity is noted 
in the peripheral findings. For example, in cases of 
diabetic retinopathy, Boucher et al. suggested that 
grading be based on two 45-degree image fields, 
a single widefield, or an ultra-widefield image that 
captures all seven standard fields; they also suggsted 
using the OCT as an adjunct.5 This standard might have 
been beneficial in order to note additional abnormal 
findings in this study. Another limitation is the lack of 
three-dimensional analysis, which is provided with a 
standard 20D and 90D fundus evaluation. The Eidon 
images provided were only two-dimensional. 

Diabetes has proven to be at the forefront of this 
research, with multiple diabetic telehealth programs 
currently in existence in the United States. Previous 
studies have shown that tele-ophthalmology is 
comparable to traditional examination in diagnosing 
diabetic retinopathy, with a sensitivity of 62.5%-
98.2% and a specificity of 76.6%-98.7%.11,12 One of 
the most robust tele-diabetic retinopathy screening 
programs in the country is led by the Department 
of Veterans Affairs. A health care professional 
identifies those at risk for diabetic retinopathy or 
those overdue for screening, then nonmydriatic 
digital imaging systems are used to obtain fundus 
photographs by trained technicians or nursing staff. 
A reading center receives the photographs, which 
are then further evaluated by eye care professionals, 
who make recommendations for follow-up care and 
evaluation.13 Another study by the Indian Health 
Service Joslin Vision Network demonstrated that 
nonmydriatic ultrawide-field imaging compared 
with nonmydriatic multifield fundus photography 
improved the detection of diabetic retinopathy by 
approximately 2-fold and reduced the percentage of 
ungradable images by 81%. Furthermore, by using 
ultrawide-field imaging, peripheral lesions were 
identified in 10% of participants that were suggestive 
of more severe diabetic retinopathy.3,14 

In retinopathy of prematurity (ROP), a 6-year 
retrospective analysis of 1216 premature newborns’ 
eyes at Stanford University compared bedside 

binocular ophthalmoscopy with remote interpretation 
of RetCam II/III images. They found a sensitivity of 
100% and a specificity of 99.8% in their tele-ROP 
program, which complements in-person examination 
in this high-risk population.15 A joint review of 11 
studies by the American Academy of Pediatrics and 
the American Academy of Ophthalmology noted the 
largest study in the review to have reported digital 
photography for detection of referral-warranted 
ROP to have a sensitivity of 98.2% and specificity of 
80.2%.16 Other studies have shown tele-screening to 
be an effective modality in diagnosing and managing 
ROP in infants.17-19

A recent study in JAMA Ophthalmology noted 
that remote diagnosis imaging via a U.S. Food and 
Drug Administration (FDA) approved noncontact, 
portable retinal imaging device (iFusion; Optovue) 
that incorporated color fundus photos and optical 
coherence topography (OCT) vs. a standard 
examination by a retinal specialist appeared to 
be equivalent in identifying referable age-related 
macular degeneration (AMD).6 Another device, 
the ForeseeHome, was approved by the FDA and 
received Medicare coverage in 2015 to allow for home 
monitoring of patients with AMD-related choroidal 
neovascularization. Results are sent to a diagnostic 
center, and both patient and ophthalmologist are 
notified of significant changes in testing to allow for 
proper follow-up. This study found that choroidal 
neovascularization was detected earlier in high-risk 
patients using home monitoring.20,21 

Like anterior segment pathology, the correct 
instrumentation and methods to obtain imaging are 
needed for accurate observation and diagnosis of 
posterior segment disease. 
IOP measurements

The study focused solely on IOP measurements 
and found that NCT and GAT were comparable in 
accuracy. This is supported by other well-established 
studies, which have compared these two methods 
of obtaining IOPs. In a study by Chen et. al., the 
consistency between NCT and GAT measurements 
in patients with low to normal IOP was similar. 
However, they established that careful consideration 
should be given in moderate and higher IOP groups, 
as NCT showed a greater overestimation of IOP.22 
Another study demonstrated good agreement with 
GAT and NCT across a wide range of IOPs and could 
confidently be considered for glaucoma screening 
programs. Bland-Altman testing within this study 
revealed the 95% limits of agreement between GAT 
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and NCT as -8.7 to 7.6.23 Our study findings revealed 
a narrower 95% limits of agreement. Although GAT 
remains the standard for IOP measurement in most 
clinical settings, NCT is also considered a reliable 
method.

Tele-ophthalmology is not limited to retinal 
disease; tele-glaucoma has also been a major 
focus among specialists long before the COVID-19 
pandemic. To expand the possibilities, a prospective 
study by Chandrasekaran et. al. first evaluated 107 
participants in clinic then at tele-glaucoma stations.  
Each station tested NCT, non-mydriatic fundus 
photography, auto-refraction, and optic nerve-related 
OCT measurements. Their conclusions indicated that 
the tele-glaucoma protocol that they developed was 
comparable to a clinical examination in its ability to 
detect glaucoma remotely.24 This is very promising, as 
it is well known that some of the greatest difficulty 
with glaucoma is establishing consistent follow-up 
and continuity of care in this particularly vulnerable 
population. It is also well known that the COVID-19 
pandemic forced many providers quickly to reconsider 
how they provided such care, since multiple missed 
appointments could easily lead to irreversible vision 
loss. The approach of a more hybrid method of 
delivering glaucoma care was quickly adopted and 
since has led providers to consider these technologies 
as a more permanent solution in their own practices 
following the COVID-19 pandemic. 

There are several recent studies focused on 
tele-glaucoma for screening and monitoring of 
care. High detection rates of suspicious optic 
nerves and ocular hypertension were found in the 
Philadelphia Tele-medicine Glaucoma Detection 
and Follow-up study.25 A 2021 article on the use of 
telemedicine in glaucoma reviewed 14 research 
projects, all of which found promising outcomes, 
which ranged from an overall earlier detection and 
management of suspects, a high rate of detection 
of ocular hypertensives, and more efficiency with 
early-stage glaucoma management. It is important 
to consider that this review also mentioned a “great 
variation in the reported sensitivity and specificity 
of tele-glaucoma screening and management and 
therefore may require further investigation before 
implementing 100% remote programs.”26 Verma et. 
al. found that 69% of glaucoma patients seen via 
tele-ophthalmology could be completely managed 
without any in-person consultation.27 A recent 
study comparing cup-to-disc ratio determined by 
tele-ophthalmology to in-person examinations by 

glaucoma specialists showed a positive predictive 
value of 77.5% and a negative predictive value of 
82.2%.28 Clarke et. al. concluded that patients with 
low risk of progression and who were followed by 
consultant-level glaucoma specialists can be reliably 
monitored by tele-glaucoma methods.29 In a study 
by Odden et al. of 200 adult glaucoma patients, 
tele-medicine was found to be equally effective at 
identifying disease progression vs. in-person exam.30

Technologies that allow for home monitoring 
of IOP, remote disc photography, and visual field 
testing have allowed for continuity of care during the 
COVID-19 pandemic and are promising for the future 
of glaucoma care. The Sensimed Triggerfish Sensor, 
an FDA-approved contact lens embedded with a 
micro sensor, provides continuous, noninvasive 
monitoring of ocular dimensional changes and 
has also shown encouraging results in monitoring 
glaucoma remotely.31,32 The Icare HOME (Icare Finland 
Oy, Vantaa, Finland) an FDA-approved tonometer 
that does not require topical anesthesia, allows 
for the self-monitoring of IOP from home.33 Both 
technologies provide IOP measurements wirelessly 
to the provider. Peristat online perimetry tests 24 
degrees of visual field horizontally and 20 degrees 
vertically via a web-based program, while Mobile 
Virtual Perimetry (MVP) is a smartphone-based 
frequency-doubling technology (FDT) that uses 
a virtual reality headset. Both have shown high 
correlation with the Humphrey Visual Field (HVF) 
and abnormal points.34-36 The Melbourne Rapid Fields 
(MRF) is an iPad-based application that tests up to 30 
degrees of visual field. When compared to traditional 
HVF testing, the MRF shows similar test-retest 
reliability and a high correlation but is more accurate 
at detecting moderate to severe visual field loss 
veersus early loss.37,38 Smartphone disc photography 
shows promise but has yet to produce equivalent 
or higher quality undilated images as compared to 
standard stereoscopic fundus photographs.39 

Although this study exclusively focused on IOP 
measurements in both remote and face-to-face 
examinations, future studies may also include a 
comparison of cup-to-disc ratios or HVF findings.  The 
potential for tele-glaucoma is tremendous.
Artificial Intelligence

Although artificial intelligence (AI) has been 
in the picture for well over 50 years, it has come to 
the forefront of telehealth care due to the COVID-19 
pandemic. Machine learning (ML) and deep learning 
(DL) algorithms, the two most common subfields of 
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AI, have been widely applied in the past to posterior 
segment disease but have recently also involved 
anterior segment disease strategies. AI research has 
focused on the detection of diabetic retinopathy, 
visual field testing in glaucoma, screening for 
AMD, classifying optic disc disease in papilledema, 
monitoring OCTs for progression and referrals, and 
predicting early to wet AMD changes. These are 
just some examples of applications.40 Much of these 
algorithms are “self-learned predictive features 
from input data for labeled outcomes without 
being explicitly programmed to detect specific 
morphological features by experts. Therefore, their 
predictive capabilities are not restricted by the 
existing knowledge of disease phenotypes and 
progression.”40 This is a great advantage as compared 
to other methods of monitoring changes.  

Research on posterior segment AI applications 
includes the IDX-DR software, which analyzes retinal 
images and determines whether the patient has “more 
than mild diabetic retinopathy,” thereby prompting a 
referral to ophthalmology. In a recent FDA approved 
study, 900 patients at 10 primary care sites were 
able to be correctly identified with referable diabetic 
retinopathy 87.4% of the time.21,41 In another study, 
the evaluation of retinal fundus photographs from 
adults with diabetes, using an algorithm based on DL, 
had a sensitivity of 97.5% and specificity of 98.5% for 
detecting referable diabetic retinopathy.42 A dedicated 
AI approach for AMD achieved equivalent diagnostic 
accuracy as that of a retinal specialist examination. 
In this study, researchers used a dataset of 35,900 
labeled optical coherence tomography (OCT) images 
obtained from age-related macular degeneration 
(AMD) patients and used them to train three types 
of convolutional neural networks (CNN) to perform 
AMD diagnosis. The same group then developed a 
website for realistic cloud computing based on this 
AI platform, available at https://www.ym.edu.tw/~AI-
OCT/. Patients can upload their OCT images to the 
website to verify whether they have AMD and whether 
or not they may require treatment.43 Although the 
greatest focus has been on posterior disease, anterior 
segment applications have emerged as well. Like 
posterior segment disease, wherein much of the 
focus is on AI-based OCT and fundus photography 
to develop rich datasets, the same can be said for 
the anterior segment. Much of the AI research is 
focused on image-based analysis involving slit-lamp 
photography, corneal topography, anterior-segment 
OCT, and specular microscopy.44 A study by Lavrik and 

Valentin45 reported a CNN called KeratoDetect that 
gave an accuracy of 99.3% in detecting keratoconus. 
In refractive surgery, AI has been used to detect eyes 
with high risk of iatrogenic ectasia. When compared 
to the Belin-Ambrosio display (BAD), the Pentacam 
Random Forest Index (PRFI) ML technique correctly 
classified post-laser ectasia (PLE) in 80% of eyes vs. 
the BAD, which classified only 55.3%.46 The reliable 
automated detection of Descemet’s Membrane 
Endothelial Keratoplasty (DMEK) graft dislocation 
was assessed with 609 attached grafts and 563 
detached grafts via AS-OCT images. The sensitivity of 
the DL-based classifier was 98%, with a specificity of 
94% and an accuracy of 96%.47 AI technology has also 
been used in the diagnosis and grading of cataracts, 
angle-closure assessment, pterygium evaluation, and 
anterior angle change assessment.  

AI will only improve care in the future, from 
early detection, assessing progression, and noting 
appropriate management of care when used in 
conjunction with tele-medicine. The long-term 
benefits are clear: AI has the potential to meet 
significantly unmet needs and clinical gaps in 
screening, risk stratification, and improving clinical 
outcomes when used in conjunction with tele-
medicine.
Limitations 

A cohort of optometry students is a selectively 
biased and homogenous sample from which to draw 
a conclusion for comparison. We intentionally only 
included participants who were older than 18, as this 
was a pilot study on graduate students. We hope that 
future studies will also evaluate this same modality in 
children and its role in vision screenings to allow for 
greater eye care accessibility. We are aware that this 
targeted, low-risk population is of a demographic that 
has a lower prevalence of ocular disease given the 
age range of 22-33 years old. They are also less likely 
to present with undiagnosed ocular disease given 
the inherent culture of optometry students, who are 
often dilated multiple times during their training by 
peers and other optometric providers. Optometry 
students are acutely aware of their own ocular health. 
Given that this study excluded those individuals 
with both known active ocular disease and ocular 
surgery within the last 90 days, we easily omitted 
these individuals and therefore were less likely to 
encounter an abundance of unknown conditions 
for further comparison via telehealth or in-person 
methods. In future studies, it will be imperative to 
include a larger and more diverse adult and pediatric 
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study population, which more accurately reflects the 
patient population. Another limitation of note is that 
the calculated power was 0.57, which is lower than 
the traditional 0.8 value.

Based on the studies reviewed in this article, 
accurate telehealth diagnosis relies heavily on the 
dynamic visualization of high-quality stereo disc 
and retinal images, as well as live anterior segment 
video resolution. It is also well validated that three-
dimensional fundus photographs are superior to 
two-dimensional photographs specific for optic 
nerve evaluation and show a strong correlation with 
ophthalmologist disc assessment.48,49 The lack of 
three-dimensional stereo disc photos, the exclusion 
of auto-fluorescence, and the exclusion of some 
peripheral quadrants may have resulted in inferior 
disc and peripheral retinal assessment. The inability 
to perform further real-time manipulation of the 
anterior segment video, for example requesting 
the remote technician to increase magnification or 
to lower the lids, may have helped to limit anterior 
segment diagnosis further.

This study compared IOP via remote and in-
person methods, but it is also worthwhile to explore 
the assessment of optic nerve cup-to-disc ratios via 
both methods in the future as well.  

As is common in all clinical practice, there is the 
innate chance of inter- and intra-observer variability. 
This is also undoubtedly present within this study 
given the obvious differences between telehealth 
and in-person exams. Our study design does not 
allow for us to perform interobserver and intra-
observer variability testing. The expertise of the 
imager or technician is key. The quality of the data 
obtained is dependent on who is obtaining the data 
and performing the testing; adequate training of staff 
is always necessary.

Conclusions 
Based on our study design, we cannot 

conclusively state that telehealth is comparable 
to in-person exams when comparing anterior and 
posterior segment findings. When comparing IOP 
measurements (NCT in telehealth exams and GAT 
in in-person exams), the findings were comparable 
in accuracy. We are aware that there are trends in 
our results, but future studies should be designed 
specifically to address these limitations and gaps in 
analysis. Tele-ophthalmology has the capability to 
address many of the most common ocular conditions 
as well as to provide an option to monitor patients 

reliably and continuously without loss of care. 
Patients have the advantage of continuity of care, 
earlier detection of disease through telehealth 
screenings, improved convenience of healthcare, 
reduced travel time, easier access to appointments, 
and cost effectiveness. Undoubtedly, this paper did 
not touch upon the ever-changing legalities that may 
involve telehealth. Requirements between states can 
vary significantly. Some states require the optometrist 
to be on site at all times, while others may only 
require the initial examination to be performed in-
person by the optometrist. Considerations should be 
given for your individual state and the most current 
legislation. For the time being, studies have shown 
that telehealth can be used as an alternative to in-
person comprehensive eye examinations in low-
risk patients. With the right technology and tools, it 
is very plausible that telehealth examinations may 
confidently screen, diagnose, and monitor for many 
concurrent eye conditions in the foreseeable future. 

Acknowledgements: DigitalOptometrics
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ABSTRACT

Background: Technology is becoming a 
pivotal component of day-to-day tasks, and 
its implementation in healthcare must be 
thoroughly investigated. This study aimed to 
compare the DigitalOptometrics tele-optometric 
examination experience to the traditional in-
person comprehensive eye examination with 
post-examination satisfaction surveys.

Methods: This study included 30 optometry 
students who were enrolled at the Illinois 
College of Optometry (ICO). Participants with 
active ocular pathology or a history of ocular 
surgery in the past 90 days were excluded. A tele-
optometric comprehensive eye examination via 
the DigitalOptometrics platform was performed, 
and participants were provided with a post-
examination survey. This was followed by an in-
person comprehensive eye examination, and 
participants were provided with the same post-
examination survey. After the completion of 
both examinations, participants were asked to 
complete a final satisfaction survey comparing the 
examinations.

Results: Statistical analysis using Fisher analysis 
concluded that patient-reported satisfaction for the 

DigitalOptometrics tele-optometric examination 
was comparable to that for the gold-standard, in-
person comprehensive eye examination. 

Conclusions: Our data suggests that the initial  
reported patient satisfaction was positive or 
comparable to that for an in-person comprehensive 
eye examination, supporting our hypothesis.

Keywords: patient satisfaction, telehealth, tele-
optometry 

Introduction
With advances in technology and limitations in 

access to care, alternate methods of healthcare delivery 
and their impact on patient care must be considered. 
Advances in technological development allow us 
to deliver healthcare remotely via tele-medicine. 
Introducing tele-medicine in practices can allow 
access in areas with limited health care due to doctor 
availability and accessibility and increase compliance 
with follow-up care. Tele-optometry can be considered 
as a means to deliver eyecare in areas where healthcare 
would otherwise be difficult to obtain, such as rural 
and underserved areas.1 While there may be hurdles 
to overcome to employ this new method of healthcare 
delivery, its benefits are abundant. Numerous studies 
have shown that tele-ophthalmology addresses 
patients’ healthcare concerns and has higher patient 
satisfaction as it saves time and costs.2-7 Previous studies 
suggest that factors leading to non-compliance with 
follow-up visits can be eliminated with tele-medicine.6,7 
DigitalOptometrics tele-optometry system can be used 
to address not only the ocular health concerns that a 
patient may have but also visual system issues related 
to their refractive system or binocular vision. This 
study aimed to evaluate tele-optometry and various 
components of an optometric eye examination. 

The World Health Organization (WHO) announced 
the public health emergency related to coronavirus 
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disease 2019 (COVID-19) in 2020.7 Healthcare delivery 
methods needed to be altered to address the rampant 
spread of COVID-19. Eyecare providers’ proximity 
to patients during examinations was found to be a 
challenge during the COVID-19 pandemic.6,8 Providers 
were found to be at high risk due to the close contact 
during slit lamp examination.4,6 Globally, there was an 
increase in demand for face masks, shields, goggles, 
and protective barriers on equipment. Telehealth was 
essential as personal protective equipment (PPE) was 
limited and the virus continued to spread.9 With the 
increase in utilization of tele-optometry to decrease 
patient-doctor exposure, elements of the examination 
including patient satisfaction needed to be evaluated. 

This study aimed to evaluate the DigitalOptometrics 
tele-optometry platform versus the traditional, in-
person comprehensive eye examination. The data 
reported comes from post-examination and post-
study surveys. 

Methods
Thirty optometry students from the Illinois College 

of Optometry participated in the study. Those with 
active ocular disease or a history of ocular surgery 
within the last 90 days were excluded. The study was 
approved by the institutional review board (IRB) at 
the Illinois College of Optometry, and it adhered to 
the tenets of the declaration of Helsinki. Written and 
verbal consent were obtained from all participants. 

Participants completed two comprehensive 
eye examinations. Both eye examinations included 
entering visual acuities, objective and subjective 
manifest refraction, baseline binocular vision testing, 
baseline accommodative testing, anterior and posterior 
segment evaluation, and intraocular pressure. First, 
the tele-optometric comprehensive eye examination 
was completed by an in-person technician, a remote 
refracting technician via the DigitalOptometrics 
platform, and videoconferencing with an investigator 
optometrist. The tele-optometric examination used 
a 14-second Reichert® slit lamp video recording to 
evaluate the anterior segment and the Eidon ultra-
widefield retinal photographer to evaluate the 
posterior segment. This was then followed by the gold 
standard in-person comprehensive eye examination, 
performed by another optometrist. The in-person 
examination used traditional slit lamp examination 
methods as well as dilation with 2.5% phenylephrine 
and 1% tropicamide. Dilated fundus examination was 
completed with 90D biomicroscopy and binocular 
indirect ophthalmoscopy (BIO). Intraocular pressure 

(IOP) measurements were taken via non-contact 
tonometry (NCT) by an in-person technician for the 
telehealth exam, while the gold standard exam used 
Goldmann applanation tonometry (GAT) with Fluress 
and was performed by the investigator optometrist.  

A Likert-scale survey was provided to participants 
at the conclusion of each examination type. 
Participants were asked whether their concerns were 
addressed, whether they were satisfied with their 
care, and to rate the quality of each examination. At 
the conclusion of the study, participants were given 
another Likert-scale survey with various questions 
comparing the two study types to pinpoint specific 
areas of the exam with which they may have been 
dissatisfied. Two blinded clinicians independently 
reviewed and compared the examination findings 
between the tele-optometric examination and the 
in-person examination to determine whether the two 
examinations were equivalent in various categories. 
The survey findings were compared, and meta-analysis 
of results was completed via Fisher’s method.

Results
There were 9 males and 21 females in the study, 

and the mean age of the participants was 24.7 years, 
ranging from 22-33 years old. All 30 patients completed 
all three surveys. On a 3-point Likert scale, about 
96.67% (29/30) believed that the tele-optometric 
examination addressed their concerns, while the 
remaining 3.33% (1/30) were neutral. Eighty percent 
(24/30) of tele-optometric participants were satisfied 
with their care, while 20% (6/30) were neutral; none 
were dissatisfied. Seventy-three percent (22/30) rated 
the quality of the examination as positive, 23.3% (7/30) 
neutral, and 3.3% (1/30) negative. All participants were 
provided with the same survey following the in-person 
examination. One hundred percent (30/30) of the 
participants believed that the in-person examination 
addressed their concerns, 100% (30/30) were satisfied 
with the care that they received, and 100% (30/30) 
rated examination quality positively. As neutral was 
not a discriminating factor for positive or negative 
experiences, neutral responses were omitted from 
statistical calculations. Using Fisher analysis, p=~1 
for all three questions in Table 1. Preliminary analysis 
indicated no statistically significant difference between 
the 2 examinations based on concerns addressed, 
satisfaction, and quality of examination given p>0.05. 
Within the limits of our pilot study, the results support 
the null hypothesis of non-inferiority.
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In-Person Examination Tele-Optometry Examination

The examination addressed my concerns. Agree 
100% 

Neutral 
0% 

Disagree 
0%

Agree 
96.67% 

Neutral 
3.33% 

Disagree 
0%

I am thoroughly satisfied with the care I received today. Agree 
100% 

Neutral 
0% 

Disagree 
0%

Agree 
80% 

Neutral 
20% 

Disagree 
0%

Rate the quality of the exam you had today. Agree 
100% 

Neutral 
0% 

Poor
0%

Agree 
73.33% 

Neutral 
23.33% 

Poor 
3.33%

Table 1 . Post-Traditional In-Person Examination and Tele-Optometry Examination Survey Questions and 
Results

Table 2 . Post-Study Survey Statements and Results

It was a concern that you did not have the optometrist in the examination room today.

Agree
36.7%

Neutral
36.7%

Disagree
26.6%

Not answered 
0%

I would recommend tele-optometric comprehensive eye examination to my friends and/or family members.

Agree
36.7%

Neutral
40%

Disagree 
23.3%

Not answered 
0%

Would you be more likely to return for a tele-optometric or in-person for your annual comprehensive eye examination?

Tele-optometric
10%

In-person
90%

Not answered 
0%

I am in favor of having digital images attached to my health record.

Agree
100%

Neutral
0%

Disagree
0%

Not answered 
0%

Technology will improve the quality of medical care.

Agree 
80%

Neutral
20%

Disagree
0%

Not answered 
0%

Technology will result in poor doctor-patient relationships.

Agree
36.7%

Neutral
43.3%

Disagree
20%

Not answered 
0%

What is the likelihood that you would choose an optometrist offering tele-optometric exams over those that do not?

Agree
16.7%

Neutral
40%

Disagree
43.3%

Not answered 
0%

Please answer the following questions regarding comparisons between tele-optometric and in-person office examinations.

a. Overall quality of the visit.

Tele-optometric
0%

In-person
70%

No difference
10%

Not answered 
20%

b. Personal connection I feel with the clinician.

Tele-optometric
0%

In-person
73.3%

No difference
6.7%

Not answered 
20%

c. Confidence my ocular concern is being taken care of.

Tele-optometric
0%

In-person
52.3%

No difference
26.7%

Not answered 
20%

d. Comfort I feel sharing personal or private information.

Tele-optometric
0%

In-person
53.3%

No difference
26.7%

Not answered 
20%

e. Amount of time I spend with my clinician.

Tele-optometric
10%

In-person
56.7%

No difference
13.3%

Not answered 
20%
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Table 2 outlines the results of the survey provided 
at the conclusion of the visit to determine areas 
of concern that the participant may have had. The 
following questions were presented via the Likert-
scale survey to the 30 participants:

1. It was a concern that you did not have an 
optometrist in the room with you today: 36.67% 
(11/30) of patients felt that this was of concern, 
36.67% (11/30) of patients remained neutral, 
26.67% (8/30) of patients did not find the lack of 
an optometrist in the room to be of concern. 

2. I would recommend the tele-optometric 
examination to my family and friends: 36.67% 
(11/30) of patients felt that they would 
recommend the examination to family and 
friends, 40% (12/30) remained neutral, and 23.3% 
(7/30) reported that they would not recommend 
to family or friends. 

3. Would you be more likely to return for an in-person 
eye examination or a digital eye examination for 
your future annual exam: 90% (27/30) reported 
that they would prefer to report for an in-person 
examination, and 10% (3/30) would prefer to 
report for a tele-optometric examination.

4. I am in favor of having digital images attached to 
my health record: 100% (30/30) of participants 
felt that it was a benefit to have their digital 
fundus images and slit lamp recordings attached 
to their health records. 

5. Technology will improve the quality of medical 
care: 80% (24/30) agreed with this statement, 
while 20% (6/30) were neutral. 

6. Technology will result in poor doctor-patient 
relationships: 36.67% (11/30) agreed with this 
statement, 43.33% (13/30) remained neutral, 
and 20% (6/30) disagreed with this statement. 

7. What is the likelihood that you would choose 
an optometrist that offers tele-optometric 
examinations over one that does not: 16.67% 
(5/30) reported that they would be likely to seek 
an optometrist who is affiliated with a telehealth 
examination, 43.33% (13/30) reported that they 
would not be likely to seek tele-optometric care, 
and 40% (12/30) were neutral. 

Despite overall satisfaction with both types of 
exams, as outlined in Table 1, there were some areas 
of concern that participants had, outlined in Table 
2. Participants had concerns about the telehealth 
exam as it pertained to the optometrist not being in 
the room during the examination. The concerns also 

highlighted that the telehealth examination may lead 
to poor doctor-patient relationships. Some participants 
would not recommend a telehealth exam to family, 
and a majority preferred to return for an in-person 
examination. These questions were presented to find 
out whether there were reasons for dissatisfaction 
and whether further alteration of the telehealth 
model needed to be investigated. Statistical analysis 
was not completed on these questions, although 
it is evident that there are still concerns about the 
telehealth examination that need to be addressed 
when implementing this mode of examination. 

Discussion
Technology is rapidly evolving, and its integration in 

healthcare delivery needs to be evaluated continually. 
Various platforms, including the DigitalOptometrics 
platform used in this study, allow optometrists to 
maintain a similar test sequence to that of a traditional 
in-person examination. Components of the examination 
can be completed with this novel delivery method 
without having to compromise patient care. This study 
demonstrated that the overall satisfaction with the 
tele-optometric eye examination is comparable to the 
traditional in-person eye examination, based on results 
shown in Table 1. 

However, the survey outline in Table 2 allowed us to 
address areas with which participants were dissatisfied. 
Overall, more patients felt that it was of concern versus 
no concern that an optometrist was not present in the 
room during the digitally administered examination. 
Increasing the time spent with the virtual optometrist 
could ensure that all concerns are addressed while 
still allowing for a distance examination. This would 
potentially decrease a patient’s apprehension with 
the optometrist not physically being present in the 
room during the examination. Interestingly, more 
people reported that they would recommend the 
examination to a friend than those who would not, 
despite finding it of concern that there was not an 
optometrist in the room. Following up with why they 
would not recommend it could help us address this 
issue and possibly increase the number of those who 
would recommend a tele-optometric examination. 

More participants were likely to return for an in-
person eye examination over a digital eye examination 
for future annual examinations. The data suggests that 
this cohort is less likely to seek out tele-optometric 
care, but both survey questions may be influenced 
by the patient cohort. Optometry students are future 
optometrists and may have innate biases towards 
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an in-person examination versus tele-optometric 
examination. These questions may provide more useful 
data when asked of a general patient population. In 
addition, the ease with which the participant was 
able to complete the in-person examination may 
be influenced by the cohort of healthy optometry 
students, who require less troubleshooting.

Given the average age of the patients of 24.7 
years old, the level of exposure to technology may 
have influenced participants being in favor having 
digital images attached to their health records. A 
younger patient population may be more in tune with 
technology and digital imagery. This is likely why a 
majority also agreed that technology will improve the 
quality of medical care. More people agree that having 
digitally administered examinations will negatively 
affect the patient-doctor relationship than those 
who do not despite believing that technology will 
improve the quality of medical care. There are some 
inconsistencies in answers as it pertains to technology 
and its effect on healthcare.

The post-study survey that included the five 
questions in Table 2 directly compared the two types 
of examinations, and there was a clear preference for 
the in-person examination. Unfortunately, as a forced-
choice question, and given the biases due to the study 
participants being optometric students, this portion 
of the survey did not support the patient satisfaction 
seen in the first survey questions. This would need to 
be re-evaluated prior to phase 2 of the study. 

Telehealth may play a role in patient compliance 
with yearly eye examinations due to convenience. 
While dilation should not be deferred in all patients, 
we can consider using photos for healthy individuals 
periodically. Ramchandran et al. found motivational 
barriers with dilated fundus examinations.10 As dilating 
drop side effects would not be an issue, patients could 
resume their normal activities immediately after their 
examination. This could potentially promote yearly 
examination and increase compliance to care.

If overall patient satisfaction is reached, we can 
increase compliance with examinations and consider 
expanding outreach to underserved populations.1,5,10,11 
Tele-optometry can be considered for communities 
that would otherwise be left without optometric care. 
The opportunity to see patients remotely in rural areas 
and the decrease in travel time, costs, and unnecessary 
referrals has deemed tele-medicine to be invaluable.6,7

As we continue to use telehealth during the 
COVID-19 pandemic, it is another avenue to consider 
to protect providers and patients from spreading the 

virus, especially in community-acquired outbreaks.12,13 

Patients who are concerned about risks related to 
COVID-19 can now be seen by a remote optometrist 
to decrease exposure time face-to-face. In addition, it 
allows optometrists to save and regulate use of personal 
protective equipment for cases that must be seen in 
person. Bhuva et al. found that 87% of participants 
had no issues with a tele-medicine examination for 
spine physical medicine and rehabilitation, and 67.4% 
of participants would choose to have their follow-up 
via tele-medicine.14 In a study done by Gerbutavicius 
et al., all video-consulted patients stated that they 
would recommend a video consultation approach to 
others.4 When reviewing tele-medicine across various 
professions, patient satisfaction was commonly found 
to be positive.2-4,14-21

As technology varies, satisfaction can vary with 
the ease of use of the platform. Some studies found 
that challenges related to technology influence the 
satisfaction results of their study.4,8,22 Gerbutavicius et 
al. had tech issues in 9 of their 29 examinations and 
were unable to complete those 9 examinations.4 Poor 
image qualities, slow Wi-Fi speed in rural areas, and 
software issues were all identified in a study done 
by Chong et al.8 Further studies evaluating newer 
technology that may have been released since this 
study was conducted need to be considered.

Limitations of the study include our cohort size, 
gender, career aspirations, and age. Currently enrolled 
optometry students may have vested interest in in-
person comprehensive care and biases against tele-
optometry. The average age of participants may play 
a role in acceptance to technology, as the participants 
grew up with technology as a part of their everyday 
lives. In addition, the exclusion criteria limited the study 
to healthy individuals, which can impact satisfaction 
with the examination as most results were positive. A 
larger, more appropriate study population with fewer 
exclusion factors than this initial pilot is necessary to 
ensure consistency in findings and to allow for more 
thorough analysis of patient-reported satisfaction.

Patient satisfaction is a crucial component in 
ensuring that telehealth can be successful. Within 
the limits of our initial pilot study, the results support 
the null hypothesis of non-inferiority for the tele-
optometric examination versus the traditional in-
person optometric examination as it pertains to patient 
satisfaction. The positive outcome when comparing 
the gold-standard, in-person examination to a tele-
optometric study shows that its utilization can be 
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beneficial. As technology continues to advance, we 
can expect to see tele-optometry continue to grow. 

Conclusion 
Patient satisfaction is a key component in ensuring 

that patients are receptive of this novel healthcare 
delivery. With the integration of technology in various 
professions, tele-optometry will continue to be 
adopted, not only for disease management or in rural 
areas, but also for comprehensive eye examinations. 
Our data suggests that initial experiences of patient-
reported satisfaction were positive or comparative to 
that of an in-person, gold-standard comprehensive 
eye examination, supporting our hypothesis based on 
questions asked in Table 1. Additional survey questions 
asked in Table 2 indicate that patients still may have 
concerns with the telehealth exam despite believing 
that the technology will have a positive impact on 
their health. Further research, with a larger cohort 
of varying ages, fewer restrictions on pathology, and 
additional questions to pinpoint patients’ concerns, is 
required to further evaluate patient satisfaction in all 
types of patients. 

Acknowledgements: DigitalOptometrics
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Book Review  •   The Essential Playbook: How to Maximize Outcomes in 
Optometric Vision Therapy 

       Nancy Torgerson, OD and Kristi A. Jensen, OD
                                                Reviewed by Katie Davis, OD • Columbia, South Carolina

This book will stand the test of time as complete, 
holistic, and an invaluable resource for the optometric 
vision therapy team. The pearls between its pages 
cannot be succinctly shortened and summarized. 
Optometric vision therapy is becoming more sought 
after in medical communities. Increased access to 
information for patients and non-ophthalmological 
medical providers is bringing more patients needing 
comprehensive functional vision care to our 
rehabilitation clinics. Drs. Torgerson and Jenson’s book 
is their (and their teams’) long-awaited gift to the 
optometric community to ensure high-level thinking 
by the team, the doctors, the therapists, and the 
patients.

Optometric vision therapy is a life-changing tool, 
but how valuable can we be if families, patients, 
and the greater community do not understand our 
role in supporting patients on their road to their 
best selves? The Essential Playbook achieves what 
no vision therapy book has achieved before: it gives 
optometric vision therapy’s heart. By emphasizing 
process versus procedure, the authors provide 
practical demonstrations to ensure that the reader is 
conceptualizing vision and vision therapy the same 

way that they do. They want the readers truly to 
understand in their hearts why our work is essential in 
order to transform lives through vision. 

While most books on optometric vision therapy 
serve as the ‘how to’ of vision therapy techniques 
infused with scientific theory and evidence, The 
Essential Playbook emerges as vision emerges, as 
described in Skeffington’s circles. The book CENTERS 
on the entire team and its role in assisting patients, 
and it guides one on how to provide a superior 
experience from the first phone call to the office. It 
IDENTIFIES critical concepts for achieving high-level 
thinking in the therapy room and how to raise or 
lower the demand to keep the patient challenged and 
successful. Like ANTI-GRAVITY, it provides tools for the 
therapist to serve as a grounding, high-level facilitator 
of success by guiding the patient using the Socratic 
method. The book offers a previously unachieved level 
of COMMUNICATION tools to ensure that patients, 
families, and other professionals understand the goal 
of a technique and of vision therapy.  

Do yourself, your team, and your community a 
favor and read The Essential Playbook: How to Maximize 
Outcomes in Optometric Vision Therapy, apply its 
principles, and watch lives transform with you!

Click on the Link 
to Purchase!
https://bit.

ly/3xSe9WD



After developing crossed eyes (strabismus) as an infant, 
Robert underwent two eye muscle operations by the age of 
five. He was left with two eyes that appeared straight but did 
not work together. All his life, doctors told him he’d never see 
in 3D.
Like the four percent of people who have a binocular vision 
disorder, he saw his world as “flat.” Worse, he felt broken, and 
he endured lifelong difficulties with reading, concentration, 
behavior, spatial awareness, and more.
Despite his vision challenges, he became a pilot, master 
boat builder, MBA recipient, and life coach – by first hiding 
his problem, then learning how to adapt to a world that he 
couldn’t see properly.
At 70, he discovered vision therapy – a non-invasive 
method of retraining the brain and harnessing the power 
of neuroplasticity to see in 3D. This is Robert’s story of a 
lifelong struggle and the joy of finally getting his eyes to 
work as a team. As an optimist, he never gave up, and he 
now encourages others to consider vision therapy, a proven 
alternative to surgery. Read the Review by Dr. Leonard Press, 
OD http://pubs.covd.org/VDR/issue4-2/?page=32

To purchase click https://bit.ly/2XXnxd

Cross-eyed Optimist: How I Learned to See in 3D and Straightened 
my Eyes with Vision Therapy by Robert Crockett

.

Dr. Sam Berne is a vision pioneer and 
author who offers a holistic method 
that helps children with a variety of 
developmental delays, including Autism 
and Attention Deficit Disorder. His 
innovative eye therapy uses many state-of-
the-art disciplines to heal the mind-body, 
and his revolutionary Developmental 
Learning Program (DLP) provides natural 
alternatives for improving vision and 
overall health. He has been recognized as 
a leading expert in the field of Behavioral/
Neurodevelopmental Optometry and 
Vision Therapy for more than thirty years.

Treating The Whole Child: Join The ASD To ADD Revolution
Dr . Sam Berne



Upcoming Events

For a complete list of events, 
please visit the OEP website at:  

 bit.ly/OEPFcalendar 

FREE EVENT**
Dr. Eric Hussey: “The Greats in 

Vision Therapy”-Interview by Brad  
Habermehl

Wed, March 29, 2023; 8:00pm EDT

Review of Research that Supports 
the Vision Therapy Optometrist

Dr. Eric Chow
Wed, April 5, 2023; 8:00pm EDT

Research on Monocular Fixation in 
Binocular Field with Dr. Daiane Moreira

Wed, April 12, 2023; 8:00pm EDT

Vision and Learning with Dr. Samantha 
Krueger

Wed, April 19, 2023; 8:00pm EDT

FREE EVENT**
A+ Manual Interview with co-author Dr. 
Beth Gilman by Dr. Marc Taub
Wed, May 3, 2023; 8:00pm EDT

4 Hours***
ABI-Head Trauma and Its Consequences  with 
Dr. Tamara Petrosyan
Thurs, May 4 & 11 (2 hours each) 2023; 8:00pm EDT

OEPF Clinical Curriculum - VT1/Visual 
Dysfunctions
Fri - Sun, Apr 14 - 16, 2023, part 1
Sat - Sun, Apr 22 - 23, 2023, part 2
LOCATION: Over the Internet
SPEAKER: Virginia Donati, OD

OEPF Clinical Curriculum - VT2/Learning 
Related Visual Problems

Sat - Sun, May 6 - 7, 2023, part 1
Fri - Sun, May 12 - 13, 2023, part 2

Sun, May 21, 2023, part 3
LOCATION: Over the Internet

SPEAKER: John Abbondanza, OD 

Tale of 2 Adaptations: Anomalous 
Correspondence and Implications with 
Dr. Vassi Prattas
Wed, May 10, 2023; 8:00pm EDT

6 Hour Workshop***
IPPRA how to test on primitive reflexes 
with Patti Andrich
Sun, May 20, 2023; 11am to 5pm EDT

Neuro-Optometry - Latest Trends  and 
Research with Dr. Amy Pruszenski
Wed, May 24, 2023; 8:00pm EDT

OEPF Clinical Curriculum - VT3/
Strabismus & Amblyopia
Sat - Sun, June 10 - 11, 2023, part 1
Sat - Sun, June 17 - 18, 2023, part 2
LOCATION: Over the Internet
SPEAKER: John Abbondanza, OD 

FREE EVENT**
Dr. Marc Taub: “The Greats in Vision 
Therapy”-Interview by Brad Habermehl
Wed, June 14, 2023; 8:00pm EDT

COPE Accredited CE Course: The Art 
& Science of Optometric Care – A 
Behavioral Perspective
Sat - Sun, August  26 - 27, 2023, Part 1
Fri - Sun, September 8 - 10, 2023, Part 2
LOCATION: Over the Internet
SPEAKER: Virgnia Donati, OD 


