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Editorial  •   How Much is Enough?  
                             Marc B. Taub, OD, MS, EdD • Southern College of Optometry • Memphis, Tennessee

    Occasionally on social media pages, optometric 
education gets blasted. Statements criticize how the 
colleges of optometry undervalue basic binocular 
function, pediatrics, and vision therapy. The purpose 
of optometric education is to teach a basic level of 
competence in a variety of topics. The number of 
topics has grown exponentially over the last 75 years, 
and even since I graduated in 2001, the amount 
of knowledge required for passing Boards is mind-
blowing. This matters because the optometry program 
has been four years in length for all of that time and 
new knowledge must be incorporated. Every college 
of optometry has tackled the balancing act in their 
own way. Despite the fact that most of us reading this 
column live in the BV/VT world, creating well-rounded 
ODs is crucial to our longevity as a profession. 
     I can speak personally about the experiences at 
the two colleges at which I have taught, but to be 
more inclusive, I reached out to some friends to learn 
more about their VT/peds programs. Let’s start with 
the didactic side of the equation first. At Southern 
College of Optometry (SCO), the total number of 
credit hours in the classroom and lab are 132.5. Classes 
related to BV in some way include vision sensation 
and perception, ocular motility, pediatrics, VT, and 
strabismus/amblyopia. The credits for those courses 
tally up to 15.5. Keep in mind that the topics of general 
BV testing also occurs in theory and methods classes, 
and case discussions happen in other courses but over 
10% of the didactic load dedicated to BV/VT is not too 
shabby. 
      In looking at several other schools there is a range 
of course hours equivalents from 12 to 24.5. As with 
SCO, many testing topics and cases are included in 
other courses, but those counted are specific to the 
topics in question. In comparing the course catalogs, 
the quick and dirty average of credits landed in the 15-
hour range. The 24.5 number was an outlier for sure.
     In looking at the clinical side of the equation, this 
is really where the schools differ in the exposure that 
they provide. Some schools offer peds/VT as a 2nd/3rd 
year-only experience, while others offer it in 2nd, 3rd, 
and 4th years. Here are a few examples of how each 
program approaches the issue. I will leave off the 
names of the programs except, SCO, as I do not want 
to seem like I am calling out or alienating colleagues 
at other schools. As much you might be surprised, I do 
have friends at other schools!

     At SCO, there are separate peds and VT services. 
Each 3rd year spends about 5-6 days in peds and 3-4 
days in VT per semester, for a total of 15-18 days in 
peds and 9-12 days in VT for the year. In the 4th year, 
the students are on campus for one semester (13-15 
weeks) and spend a day in peds and an average of 3/4 
of a day in VT each week. They can of course choose 
an external rotation that offers these services as well. 
So, the students get a minimum of 45 days in these 
aspects of care. Most importantly, all 3rd and 4th years 
are required to provide care in these services.
    Another school requires a rotation through peds/
VT in the 3rd year for a single semester for half a day 
per week. In the 4th year, they can choose a BV/peds 
specialty rotation for their time on campus, which is 
5 days a week, but this is by no means required. Yet 
another school offers peds/VT in the 2nd and 3rd years 
for a total of about 15 days, but they can avoid the 
service in the 4th years by choosing another rotation. 
A third school offers peds/VT, which includes specialty 
care like sports vision and autism, in the 3rd year for 
about 25 days of care and 30 days in 4th year. 
     While in my mind there can never be enough, I 
acknowledge that my opinion is biased. But seriously, 
how much clinical care in peds/VT is enough to provide 
a basic level competence? There really is no answer, of 
course from a college or accreditation level. 
    Another question of course is what does basic 
competency mean in the world of peds/VT? Is a 
3-year-old with an esotropia basic level for pediatrics? 
Should students know how to program VT for an adult 
suffering from a brain injury? Or...is it enough that we 
expose the students to these scenarios during their 4 
years of schooling? 
     Circling back to the online critics, the addition of 
materials, including advanced technology, minor 
surgical procedures, and lasers, into the curriculum, 
both in the classroom and clinic has been a challenge. 
The balancing act to ensure that all students get 
exposure is something but every college has attempted 
and still are addressing. Teaching these topics is 
needed to further the profession of course, but we 
must also make sure to allow students the opportunity 
to discover the benefits of care through pediatrics and 
VT.  
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Guest Column  •   Retirement: The Last Chapter on the Road to Financial 
Independence

                                                   Richard Laudon, OD • Boston, Massachusetts

    The term retirement has a different meaning for 
everyone on the road to financial independence. In 
the early phases of one’s professional career, it is often 
an afterthought. As we enter the later phases of our 
career, our transition into retirement becomes more of 
an immediate concern. The key is to determine where 
you are on this journey and make the appropriate 
changes.
    Although there is a wealth of information in the 
realm of retirement, there are also a multitude of 
unknowns. No one person, nor one generation, will 
confront the same challenges. Major obstacles can 
range from financial to health concerns.  
      In addressing this lifelong dilemma, I want to begin 
by mentioning an article written by David Ekerdt, 
former Professor of Sociology and Gerontology at the 
University of Kansas. In his article, published in the 
Wall Street Journal and entitled, “I Studied Retirement 
For 44 Years. Then Retired,” he shares his insights into 
this complex process. As an academic, Dr. Ekerdt 
surveyed and talked to thousands of retirees, yet in his 
own retirement, he experienced plenty of surprises. 
Although some of his concerns were consistent with 
mine, a number were very different.
   In truth, you cannot understand retirement until 
you have lived it. For this article, I will address some 
generalizations, as well as personal perspectives. It is 
important to note that my insights are shaped by my 
own life experiences, as well as my interpretations of 
others’ views on this topic.
     In dealing with retirement, it is important to know 
that “we have a terminal contract at conception.” In 
other words, we are simply completing this age-old 
cycle from birth to death. There are also stages within 
retirement, in my opinion, which I will define as: 

• Years of Vitality
• Years of Transition
• Years of Decline

    As a seventy-five old retiree, I am still in the first 
phase, characterized by vitality. I can only speculate on 
the time frames of the next two stages in my own life. 
When I retired at seventy years of age, after more than 
forty years of employment at the New England College 
of Optometry, I was faced with several questions.                               

• Questions regarding my post-professional 
career

• Questions regarding my financial status
• Questions regarding my health
• Questions regarding my death

Hopefully, my responses to these questions will be 
helpful to others both in retirement and preparing for 
retirement.
    Our career defines us for most of our lives. Our 
work commitment has given us structure, income, 
and a social network. The onset of retirement radically 
changes all of these variables. For some individuals, 
the process of leaving one’s job can have devastating 
effects on both their financial and mental well-being. 
In some cases, it is involuntary because of downsizing 
or a disability. 
    In speaking to peers who have recently retired, I 
discovered that some of them are still searching for a 
part-time position within their profession or any job 
opportunity to replace their previous employment. 
Others are content with a non-work lifestyle. 
   For me, retirement has been a career change. 
Although I still have some professional involvement, 
my time is spent on other activities, ranging from 
writing on topics related to health and finance to a 
passion for playing softball.1 
   A major concern for everyone on the road to 
retirement or in retirement is financial security. Since 
worrying about money is a constant for most of our 
lives, the question is how to address this concern 
effectively. 
    In retirement, our financial strategies change from 
the accumulation of to the dispersing of our assets. 
The government plays an important role, from the 
management of our Social Security benefits to 
determining a formula for the distribution of our 
retirement funds.   
    Some insights into several of these issues are the 
following:

• Social Security is basically a safety net that 
may or may not continue in its current form for 
future generations. It should never be your only 
source of income.

• The age at which you apply for Social Security 
benefits is a critical factor in retirement 
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planning. Later is always better than sooner in 
this decision-making process.

• One’s projected income listed on the Social 
Security’s website can be misleading. It does 
not take into consideration the monthly cost of 
Medicare. A little-known surcharge, the Income-
Related Monthly Adjustment Amounts (IRMAA), 
based on income reported for the previous 
two years, can have a significant impact on the 
amount of one’s Social Security check.

• The management of our assets in retirement 
requires a different strategy than traditional 
planning, based on our increasing longevity. For 
example, on our very last day of employment, 
there is a high probability that many of us will 
still be long-term investors.

    The lesson for pre-retirees and individuals beginning 
their careers is to have established and appropriately 
funded their retirement options. The questions 
regarding the viability of the Social Security system 
make this imperative. In the world of investing, small 
amounts of money can become large amounts through 
the power of time and compounding. 
    The next major concern is our health. The demise of 
many individuals on life’s journey has been impacted 
by the status of their health. In our youth and early 
professional careers, it is often not a priority.
    With retirement, health becomes a key factor in our 
quality of life. The number of individuals over the age of 
sixty-five currently taking five or more medications per 
day is staggering. Our health system has focused on 
crisis care at the expense of preventive care. Financial 
ruin is often the result of excessive medical costs.
  The Medicare system is primarily focused on 
life-saving situations versus quality-of-life issues. 
Reimbursement is often limited to the diagnosis 
and treatment of diseases. In the realm of eye or ear 
diseases, the funding of appropriate devices that can 
improve a patient’s functioning is often excluded. 
Ironically, the profession of dentistry is generally also 
not covered, despite potential health consequences 
related to severe gum disease, especially in an elderly 
population!
    The bottom line is that we need to take responsibility 
for our own health. We can no longer be dependent on 
our doctors and the pharmaceutical industry to find 
cures for all our ills without our own efforts. Despite 
our costly medical system, the United States is ranked 
number 46 in life expectancy in the world, according 
to data from the United Nations Population Division.2

    From another point of view, focusing exclusively on 
longevity is an inappropriate assessment of one’s life. In 
truth, it is about our healthspan or wellspan. In health, 
as in financial success, the journey begins very early, 
and small changes in behavior can reap tremendous 
rewards down the road.
      Another important variable, often overlooked, is time. 
Since time is precious and not renewable, it is critical 
that we use it effectively. After the initial excitement 
of freedom from work responsibilities, many retirees 
become concerned about their time management. In 
the past, one’s job determined their weekly schedule, 
while retirement leaves an empty slate. How we fill this 
void will greatly impact our overall satisfaction with 
our lives. 
    The clock is also ticking as we enter the final years 
of our existence. Everyone, ultimately, will face death. 
Until that moment, our quality of life will depend on 
the many choices that we make daily, from diet to 
exercise to sleep. Although many factors are outside of 
our control, it is important to take a proactive approach 
to the factors within our control.
   As I approach the Years of Transition, signs of 
physical and cognitive decline are becoming more 
apparent. Although it is part of the normal aging 
process, it is critical to explore all options to minimize 
the progression of these changes. There is also an 
awareness of the occurrence of life-altering diseases 
and even the deaths of peers and friends.
    After commenting on two of my three proposed 
categories related to retirement, I want to touch on 
the Years of Decline. As noted earlier, you really can’t 
discuss any phase in development until you have 
experienced it. For this reason, I have decided not to 
focus on the darker side of this time of life.
    Since I have not reached this point in my life, I am 
going to look back on life’s journey, based on insights 
from Bronnie Ware. As a palliative nurse, she shares her 
patients’ final thoughts as they faced the end of their 
lives. In Ware’s book, The Top 5 – Regrets of the Dying,3 

she lists the following:
• “I wish I’d had the courage to live a life true to 

myself, not the life others expected of me.”
• “I wish I hadn’t worked so hard.”
• “I wish I’d had the courage to explain my 

feelings.”
• “I wish I had stayed in touch with my friends.”
• “I wish that I had let myself be happier.”

     You can agree with one or more of these comments, 
or you can add to this list. Obviously, we will all 
experience ups and downs, as well as disappointments, 
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on our journey to financial independence and 
ultimately to our death. The time frame to address 
these end-of-life concerns will depend on one’s age 
and extenuating circumstances. Hopefully, everyone 
will take the appropriate initiative to resolve their own 
regrets before their last chapter comes to a peaceful 
end.
    From our first to our last breath, we have been 
granted the unique experience of life. Retirement 
marks the final chapters of our time on earth. There 
will always be room for improvement. Beyond lifelong 
learning, we need to understand the limitations of 
living strictly within our comfort zone. We need to 
challenge our status quo daily. Lessons learned from 
our mistakes and/or failures during our journey are as 
important as our successes.
      Obviously, I have shared my personal perspective on 
life and retirement. In closing, I want to share a quote 
from Mark Twain, which is relevant to this article. Twain 
wrote the following, “Do not complain about growing 
old, it is a privilege denied to many.” Hopefully, in our 
passing, our life will be celebrated, in a similar manner 
as it was at the moment of our birth.

Correspondence regarding this article should be emailed to Richard 
Laudon, OD at richard_laudon@alumni.neco.edu. All statements 
are the author’s personal opinions and may not reflect the opinions 
of the representative organization, OEPF, Optometry & Visual 
Performance, or any institution or organization with which the 
author may be affiliated. Permission to use reprints of this article 
must be obtained from the editor. Copyright 2022 Optometric  
Extension Program Foundation. Online access is available at  
 www.oepf.org and www.ovpjournal.org.
Laudon R. Retirement: The Last Chapter on the Road to Financial 
Independence. Optom Vis Perf 2022;10(4):178-9.
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VT2/Learning Related Visual Problems
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Sun, May 21, 2023, Part 3
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Guest Feature  •   Holiday Vision Skill Toy List 2022   
                                            Jen Simonson, OD • Boulder Valley Vision Therapy • Boulder, Colorado

Games can be a fun way to develop vision skills 
such as visual memory, discrimination, form constancy, 
and visualization. 

Birth – 24 Months
• Seek-a-Boo! and Blockaroo
   (MindWare)
• Shape Sorting Cube, Wood 
   Shape Puzzles, Geometric Stacker, 
   Bead Maze, and Sort & Snap 
   Color Match (Melissa & Doug) 

3 – 5 Years
• Googly Eyes Coloring Pad
• Clack! 
• Bugzzle, GeoMagic Mosaics 
   (Fat Brain Toys)
• My First Rush Hour,
   Zingo! (Thinkfun)
• Smart Farmer, Coral Reef, 
   Smart Car, Trucky 3 (SmartGames)
• Eye Found It, I Spy Books, 
   Eagle Eye game
• Spot It Jr. – Animals
• Stack Your Chickens! (MindWare)
• Beginner Pattern Blocks, Dot-to-Dots, Farm Cube 

Puzzle, Lacing Beads, Pattern Blocks, Catch & Count 
Magnetic Fishing Rod (Melissa & Doug)

6 – 8 Years
• Door Pong (Fat Brain Toys)
• Slapzi and Tenzi
• Rush Hour Jr., Hoppers, 
   The Uzzle, Balance 
   Beans (ThinkFun)
• Squirrels Go Nuts!, Penguins 
   on Ice, Color Code 
   (SmartGames)
• North Pole Camouflage
• Colossal Elevator Marble Run,
   Marble Circuit Junior (MindWare) 
• Spot It!, Dobble, Emojinks!
• Picasso Tiles magnetic 
   blocks, Pixy Cubes
• Blink (Mattel)
• Magnetic Building 
   Construction Sets 

9+ Years
• OuiSi: Game of Visual Connection
• Spirograph 3D
• IQ Circuit, IQ Blox, IQ Focus (SmartGames)
• I Got This!
• Rush Hour, Shape by Shape, Block by Block, Swish, 

Blokus, Chocolate Fix, Laser Maze, Gravity Maze 
(ThinkFun) 

• SET: Family Game of Visual Perception
• Labyrinth Wooden Maze Game, Marble Circuit 

(MindWare) 
• Doodle Quest
• Tangoes & Tangrams
• Color, Paint, or Sticker 
 by Number
• Mental Blox
• Otrio & Quarto
• Zangle
• Izzi

Games that Color Cancel with Red/Green Glasses 
• Expression Puzzles (red background with black ink 

cancels with green)
• Q-bitz and Q-bitz Jr. (orange pieces cancel with 

red)(MindWare)
• Qwirkle 
• Lite-Brite
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Article  •   Inhibition of Primitive Reflexes and Its Relationship with 
                     Visual Projection in Children and Adolescents
                    Vicente A. Domingo-Sanz, BA, MSc, MBA • Centro Montrull • Algemesí, Valencia, Spain

ABSTRACT

Background: Primitive reflexes (PRs) are of great 
importance to visual function due to their ability 
to interfere with visual projection (VP). VP is 
defined as the binocular behavior pattern, which, 
when measured, determines whether there is an 
orthophoria or identifies the point closest to it. The 
purpose of this study was to assess the relationship 
of four primitive reflexes and to determine how 
their inhibition modified VP.

Methods: We investigated the use of two different 
therapies for the inhibition of four PRs, including 
the Moro reflex (MR), the tonic labyrinthine reflex 
(TLR), the asymmetric tonic neck reflex (ATNR), and 
the symmetric tonic neck reflex (STNR), in a group 
of 78 children (aged 4 to 15) with modified VP. The 
Van Orden star (VOS), which aids in understanding 
how progressive inhibition of PRs modifies VP, was 
the outcome measure.

Results: The results showed a significant correlation 
between inhibition of PRs and improvement in 
VP (p=0.000; <0.05). The values obtained suggest 
that the changes obtained as a consequence of 
inhibiting PRs are similar regardless of the therapy 
used. For the total sample of 78 children, the 
majority experienced an increase in VOS scores of 
1 to 4 points.

Conclusion: The results suggest that inhibition of 
PRs enhances motor control and is significantly 
associated with the improvement of binocular 
coordination.

Keywords: primitive reflexes, Van Orden star, visual 
projection 
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Introduction
There is a paucity of information on how primitive 

reflexes (PRs) relate to vision. Studies on how the Van 
Orden star (VOS) test is used for both training in visual 
therapeutic practice and at the diagnostic level are 
also scarce. There are also no studies that correlate 
the effects of inhibition of PRs and improvement in 
visual projection (VP) as seen with the VOS.

PRs are complex, automatic brain stem-mediated 
movement patterns that begin as early as 9 to 12 
weeks post-conception and are fully present at birth 
in healthy, full-term infants. During the process 
of central nervous system (CNS) maturation, they 
become increasingly difficult to obtain after the first 
six months of life, when voluntary motor activity 
combined with cortical inhibition arises and takes 
control.1,2 The movement patterns that arise during 
the life of the fetus and that are fundamental to the 
survival of the newborn,3 as well as the body posture 
and attitude of the full-term newborn, are influenced 
by PRs.4 Initially, they became of interest to clinicians 
working with children with cerebral palsy and later to 
those working with children with learning difficulties.5 
They are among the earliest, simplest, and most 
useful tools for assessing the integrity of the CNS 
in infants and young children.1 Thus, posture, as a 
reflection of muscle tone, is used for the evaluation 
of CNS maturation in the neonate.4 Posture is an 
active process, regulated by a wide variety of sensory 
and central inputs, which adjust to prevent any 
unintentional change in position. Posture is the result 
of cooperation between many reflexes that directly 
influence tonicity.6

Kovesova and Kolar7 point out that PRs organized 
at the spinal column and brain stem level do not 
disappear after the neonatal stage; these motor 
patterns are simply inhibited by higher levels of con-
trol as the CNS matures. Some studies prove how PRs, 
also referred to as disinhibition or release signs, may 
reappear in senescence and due to the progression 
of neurological diseases. Several PRs are strongly 
correlated with conditions associated with dementia, 
such as Alzheimer’s disease, vascular dementia, or 
dementia in Parkinson’s disease.8

It is generally accepted at the medical level that 
primitive and postural reflexes at certain key stages 
of development provide reliable diagnostic signs of 



Optometry & Visual Performance 184 Volume 10  |  Issue 4  |  December 2022

maturity in CNS functioning,9,10 helping the newborn 
to adjust to their new environment and to build 
a base of motor and cognitive skills. PRs involve 
changes in the level and distribution of tone that 
can affect posture and movement.10 In addition, 
some reflexes are present in childhood and last until 
adulthood without being a cause of pathology.11 The 
palmomental reflex, for example, may be present 
in healthy people of all ages.12 There is a growing 
accumulation of evidence that supports the theory 
that abnormal PRs and postural activity may exist to 
a lesser degree in the general population.9

Abnormal persistence of PRs make children more 
likely to have visual skill deficits,13 as they provide a 
primary mechanism through which the newborn can 
learn to understand what is seen during the first few 
months of life and also teach them to coordinate the 
fine ocular musculature in such a way as to acquire 
appropriate accommodation, fusion, fixation, and 
convergence.14 Inadequate integration and non-
inhibition of primitive and postural reflexes can affect 
an individual’s visual development, balance system, 
and academic performance,5 while lack of integration 
can lead to poor eye movements and poor fixation 
from far to near distance. In addition, individuals 
with immature primitive and postural reflexes may 
have difficulty with visual coordination, hand/eye 
coordination, and visual memory.10 The perceptual 
dysfunction resulting from retained reflexes 
contributes to the difficulties that a child experiences 
in acquiring automated perceptual skills, such as 
those required to read and write. This is thought to 
be due to compromised visual tracking, pursuit, and 
sequencing, all functions of oculomotor control, 
which in turn are influenced by the vestibular system. 
The vestibular system mainly detects movement 
and stabilizes the visual axis, thus controlling the 
movement of the eyes, as well as helping to maintain 
alignment and posture of the head and body.15

Vision is much more than the ability to see small 
details at great distances. It is the total capacity to 
organize the entrance of light, recognize the spatial 
relationships between things, and build an internal 
representation of reality, in addition to being a very 
complex and highly parallel processing activity 
involving almost all parts of the human body. The 
psychophysical studies of human vision during the 
last century have shown that we perceive objects in 
depth, encoding the instantaneous geometric dis-
parities of the retina produced by the stimulation of 
each eye for a single object in depth.16 In a dynamic, 

three-dimensional environment, the quality of the 
retinal image and the registration of the neural image 
depend on the performance of the motor visual 
system.17

In recent years, professionals from multiple 
disciplines have tried to stress the importance of 
considering the influence of visual skills, apart 
from the high-level visual information processing 
capacity, on the functioning of their clients. It has 
been emphasized that in order to establish best 
practices, clinicians should also consider the state of 
their patients’ basic visual skills, such as oculomotor 
function and binocular visual function.18 Binocular 
vision is clearly of importance in the precise use of 
the hand for fine motion and also in an association 
between binocular vision and eye and hand control.19

As an example, unintentional movement of the 
extremities, such as tremor, impairs the control of 
fine motor and involuntary movements of the eyes, 
such as nystagmus, which can impair vision.20 The 
evaluation of PRs has become part of the assessment 
of visual development in many professional settings.5 
If the visual system is to remain stable, the structure 
where it is housed must be stable. The development 
of the visual thematic system depends first on active 
participation and then on the inhibition of at least 
four of these PRs at the right time. These reflexes are 
the Moro reflex (MR), the tonic labyrinthine reflex 
(TLR), the asymmetric tonic neck reflex (ATNR), and 
the symmetric tonic neck reflex (STNR).14,21

The MR is the earliest of the primitive reflexes to 
emerge. Initially, it may be more active in Caesarean 
versus vaginal births,22 and it is closely linked to 
the TLR in the first months of life. Both reflexes are 
of vestibular origin, and both can be activated by 
either stimulation of the labyrinth or alteration 
of the position of the body in space.14 Retention 
of the TLR can influence binocular vision, leading 
to disturbances in visuomotor coordination and 
frequent careless mistakes.23 While the MR is an 
involuntary protective motor response against 
abrupt interruption of body balance or extremely 
abrupt stimulation,2 a retained MR can lead to poor 
visual control of eye movements, which can result in 
perceptual problems. Being an involuntary reflex in 
response to threat, one of the mechanisms to cope 
with this stress is over-stimulation of the sympathetic 
nervous system. If stress is chronic, a pupillary alpha 
omega response and constriction in functional visual 
fields can be observed.10
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The ATNR is seen in infants, and it is usually 
integrated at 6 months, although it may be present 
in children up to eight years of age,24 while other 
authors point out that it is commonly found in 
healthy preschool children.25 The ATNR is involved 
in the orientation of the neonate, and because it is 
present when near-point fixation is developed, it 
plays an important role in visuomotor development.3 

Liederman and Coryell26 point out that this reflex 
promotes hand/eye coordination, particularly during 
the second month of life: “hands were placed more 
frequently within the child’s focal visual field when 
the arms were in the asymmetric pattern position 
than when they were not.” A retained ATNR is 
related to issues involving visual midline crossing 
and poor eye tracking (if active in combination with 
under-developed head righting reflexes) and may 
interfere with hand/eye coordination and control 
when writing.15 As a result of this retained reflex, it 
is believed that there is, among school children and 
neuropsychiatric adults, a bias of selective attention 
toward the right side of the visual field that may 
appear when under a cognitive load. When under 
significant performance pressure, a similar behavior 
to neglect appears in paper and pencil tasks.11 The 
most studied symptoms related to the activity of the 
ATNR refer to learning difficulties as visual alterations 
among others,25 and visual asymmetry may not be 
caused by the visual system itself. It could be the result 
of an immature neural network involving motor and 
visual cognition.11 Previous studies indicated that, 
even in healthy infants and adults, the persistence 
of the ATNR influences movements in specific states, 
including movement stress and relaxation.27

If the STNR is active for too long, upper and lower 
coordination of the body is impeded, cross-pattern 
movements may be hindered, and the expansion of 
visual space and poor hand/eye coordination may 
be evident.14 This could be characterized by poor 
posture and difficulties of approach.23 It seems logical 
that focus changes are affected, because one of the 
roles of this reflex involves balancing, at the motor 
level, the flexor and extensor tone of the extremities 
according to the position of the head when the body 
remains in the quadruped position. Depending on 
the body response to flexion or extension of the 
head, the head will take the appropriate position to 
see in close vision by activating accommodation or 
by raising the head for focus in far vision. As to how 
this reflex affects learning, persistent responses from 
the STNR and ATNR are associated with significant 

manifestations of ADHD symptoms,28 while a study 
shows how the traits of inattention as described by 
parents are phenotypically linked to subtle alterations 
in eye movements.29 The concept of orthophoria 
is the aligned position of the two eyes, both in the 
presence or absence of fusion. Orthophoria indicates 
a well-integrated binocular pattern.30

The objective of this retrospective observational 
study was to obtain measurable data that corroborate 
the relationship between PRs and VP. The questions 
we want to answer in this paper focus on the 
determination of whether inhibition of PRs results in 
an improvement in VP, whether patients organized 
by chronological age and stimulated by two different 
therapies obtain similar results, and whether various 
variables raised, such as sex, binocular difficulties, 
learning difficulties, motor difficulties, situation of 
the parents, repetition of a school course, and the use 
of prescription glasses, are significant factors in the 
results obtained.

Methods
Participants

For the observational retrospective study, we 
obtained from our database a list of patients who 
participated in a binocular visual review from 2017 
to August 2020. One test that was carried out in that 
initial visual review was the VOS. Patients who showed 
the presence of retained PRs started PR inhibition 
treatment. Once the treatment was completed, the 
VOS test was repeated.

Inclusion criteria were: completion of PR 
inhibition therapy; inhibition of the four referenced 
reflexes; age 4 to 15; and having binocular difficulties, 
learning difficulties, and/or motor type difficulties. 
Exclusion criteria were: patients with known visual 
pathologies, patients whose PR inhibition treatment 
did not require more than eight months, patients who 
had previously performed any vision therapy (VT) at 
another center, patients who had previously received 
PR inhibition therapy at another center, and patients 
who worked at home less than six days a week.

Using these eligibility criteria, we obtained 78 
patients (44 male and 34 female) distributed as 
shown in Table 1.

Table 1 . Distribution of Patients

Age 4 5 6 7 8 9 10 11 12 15

# of Patients 2 6 21 21 9 9 3 3 3 1
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Depending on age, 26 patients received DM 
primary reflex therapy, a therapy designed for 
inhibition of PRs specifically in children aged 4 to 
6 years, and the remaining 52 underwent Institute 
of Neuro Physiological Psychology (INPP) therapy, 
a therapy designed for PR inhibition specifically in 
patients aged 7 years and older. Three of the 6-year-
old patients received INPP therapy based on the fact 
that they had almost reached 7 years of age.

The study was approved by the Ethics Committee 
of Research with Medicines of the Hospital 
Universitario y Politécnico La Fe of Valencia, Spain. 
(Registration Number: COM1-04/11/2020).
Instruments

The test used in the initial evaluation and bi-
monthly PR reviews for all patients was a battery 
of exercises called Diagnostic Evaluation of 
Neurodevelopmental Delay. The chapters Primitive 
Reflex Tests and Postural Reflex Tests were used.31

The device for performing the VOS was an 
Advance Cheiroscope (CH) with a transilluminated 
background (Figure 1) from the North American 
manufacturer Keystone. CH consists only of two 
lenses or prismatic spheres suspended on a drawing 
surface. There are four ways to use it, one of which is 
the “absent mirror,” which was used in this study.32 It 
is a device by which the target or fixation object of 
one eye can be controlled and kept separate from the 

field of view of the other eye, and in which free and 
easy access to the field is available by the hand and 
arm.33 The VOS is added to the drawing surface.
Assessment of Reflex Activity

PRs were evaluated, and each patient was 
assigned a specific therapy according to age. Those 
between 4 and 6 years old received DM therapy, 
while those 7 years and older received INPP therapy.
Moro reflex

In order to evaluate the MR, the children stood 
upright with their eyes closed, heads slightly ex-
tended, feet together, and arms in a semicircle at chest 
level with their hands a few centimeters apart. Holding 
the children with our hands from the upper part of 
their backs, we carefully reclined them backwards 
and accompanied them until they reached an angle 
of approximately 30º. As we leaned them back, the 
children remained rigid, as if they were a statue. 
When they reached this position, they were told that 
we were going to release them quickly and briefly 
and then re-catch them. To release them, we simply 
withdrew our hands backwards from their back so 
that their body would quickly reach acceleration and 
immediately re-catch them from the back. When they 
were released, no alteration to the original position 
of the arms or leg movements should be observed. 
This sequence was only performed once, and possible 
arm abduction or leg compensation shift was scored.
Tonic labyrinthine reflex

The child stood upright with feet together, arms 
close to the body, and looking straight ahead with 
their eyes open. The first test was performed when the 
child gently flexed their head until their chin touched 
their chest, and they remained in that position for 10 
seconds. They then extended their head slowly until 
positioned as though looking at the ceiling, holding 
it in this position for 10 seconds. This maneuver was 
repeated four times, in which there should have been 
no alterations to the original position of the trunk and 
extremities or oscillations of the body. In this process, 
the possible oscillation of the body that could cause 
the movement of flexion and extension of the head 
or complete loss of balance was especially graded. 
Alterations in the tonicity of the arms and legs were 
also identified. The sequence was then repeated with 
the eyes closed, and a blindfold was placed over 
them to ensure zero vision.
Asymmetric tonic neck reflex

In order to evaluate this reflex, a child was placed 
in a quadrupedal position with the knees and arms 
apart. Their head was gently rotated until their chin 
reached their shoulder, and they remained in that 

Figure 1. Advance Cheiroscope
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position for 10 seconds. The head was then rotated in 
the opposite direction until the chin met the opposite 
shoulder and was held in this position for the same 
amount of time. This operation was repeated four 
times, and no change from the original position 
was noticed. In the process of these movements, 
elbow flexion was especially graded, although the 
change in the position of the trunk and legs was also 
considered.

The ATNR was additionally assessed in a second 
way in children assigned to INPP therapy. This test 
is called the Schilder test. The child was positioned 
upright, with their feet together and their arms 
parallel stretched forward and at 90° to the body, 
looking straight ahead with their eyes closed (a 
blindfold was placed over the eyes to ensure that 
they had zero vision). Brief instructions were given, 
explaining that the head was to be turned laterally 
to one side until the chin almost reached one 
shoulder. The same operation was then performed in 
the opposite direction. The maneuver was repeated 
four times in a slow and gentle manner. The children 
had to try to keep their arms always facing forward, 
without changing the original position. The degree of 
oscillation of the arms to the sides, and additionally 
the degree of downward fall of the arms, were graded.
Symmetric tonic neck reflex

The child was placed in a quadrupedal position 
with the knees and arms apart, this reflex information 
being provided via two positions. Firstly, the child 
gently extended their head backwards until reaching 
its maximum position as though looking at the 
ceiling. The child had to remain in this position for 
about 10 seconds. Then, they would gently bend 
their head downward as though they were going to 
look at their knees, and when they reached the lowest 
position, with the chin touching the sternum, they 
would stop for another 10 seconds. This maneuver 
was repeated four times, and no movement of arms 
or legs appeared. In this reflex, the possible flexion of 
the elbows during head flexion and the flexion of the 
knees during head extension were especially graded.

The score was made based on five variables.
“0” No presence of the reflex. Complete inhibition 

of the reflex without alteration to the original 
position.

“1” Residual presence of the reflex. Very subtle 
alterations or movements from the original 
position.

“2” Average presence of the reflex. Clear presence 
with abnormal motor movement or alteration.

“3” Obvious presence of the reflex. There are quite 
obvious changes associated with it and low 
motor control.

“4” Retained presence of the reflex. The reflex is 
observed in its totality and complexity and 
with all possible alterations present.

In the initial evaluation and according to the 
results, instructions on exercises were given to 
inhibit the observed PRs. These exercises were then 
replicated daily at home under parental supervision. 
Bi-monthly reviews were subsequently carried 
out, and depending on progress, the exercises 
were modified. All assessments and reviews were 
conducted at our center in the presence of parents. 

Therapy was understood to be over when the 
MR, TLR, ATNR, and STNR obtained a score of “0” or 
when a maximum of two of these reflexes obtained 
a maximum value of “1” and the remaining two 
scores of “0.” In the cases in which doubts appeared, a 
second auxiliary therapist re-evaluated the children in 
a parallel and independent way, informing the main 
therapist and concluding whether the treatment 
could be completed or whether some more work on 
the reflexes was required in order to achieve complete 
inhibition.

The battery of exercises used on the 78 children 
was selected from a total of 14 exercises used in INPP 
therapy and 13 exercises in DM therapy. The choice of 
exercises was determined based on the presence and 
intensity of each of the observed PRs.

The battery of exercises used in INPP therapy 
consisted of 2 passive exercises and 12 active 
exercises. From the previous exercises, an average 
of 7 exercises was selected for each child during 
the time of their treatment. The battery of exercises 
used in DM therapy consisted of 5 passive, 4 active, 
and 4 active exercises with parental guidance. From 
the previous exercises, an average of 9 exercises 
was selected for each child during the time of their 
treatment.
Assessment of VOS Test

Once the PR inhibition therapy was completed, 
the children were encouraged to perform the final VOS 
test using the same instructions as when performing 
the initial test. In the early 1940s, Van Orden 
developed the Binocular Visual Behavior Pattern, 
commonly known as the VOS. The star indicates 
how a patient focuses with each eye individually 
while performing binocularly.34 The standard design, 
as designed by Van Orden, is a translucent white 
paper with two columns of figures, with the columns 
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composed of eleven figures placed 140 mm apart 
(Figure 2).35 The objective is to plot a visual behavior 
pattern in order to record how the eyes coordinate 
binocularly. The resulting graph gives a binocular 
visual behavior pattern or shows the projection in 
space of the corresponding visual areas. Features 
include phorias, asymmetries, scotomas, suppression 
areas, signs of discomfort, reading difficulties, and 
skill deficiencies.30

Most five- and six-year-old children are physically 
able to perform the procedure. There are suggested 
techniques available for young children that may also 
be useful for patients who have difficulty processing 
instructions. The interpretation of the VOS is both 
qualitative and quantitative. Qualitatively, all lines 
on each side must end at a single point or apex, 
forming a different center. Quantitative assessment 
focuses on the location of the centers in relation to 
each other, lateral phoria, and vertical phoria. Phoria 
in this context refers to the relationship between 
the centering and the actual location of objects in 
space.34

The term organizational is used here to mean 
a more static structuring of space that would be 
indicated by the lines reaching the same apex. A 
grouping of lines that intersect closer to an apex 
would be classified as more organized. A grouping 
of lines that intersect only in one region or area is 
less organized, and there is an expected amount of 
separation between the two apices of the star. Apices 
that are too close to each other show an esophoric 
character or too-close posture in eye space. When the 
apex is too far away, it shows an exophoric character 
or too-far-away posture in the space of the eyes.36

The VOS examines how we perceive and represent 
the world around us,35 and this interpretation of the 
VOS has important implications for the prevention 
and early detection of functional visual problems. 
Its use can be extended to patients of all ages who 
experience changes that require new and higher 
visual system demands. The VOS has at least six 
applications, some of them being guiding VT, tracking 
VT progress, and evaluating the visual development 
of preschool children and the impact of primary 
grades on visual performance.33,34

It is very important to note that the perception of 
an individual’s space influences their sensory system 
and, therefore, will influence the drawing of that 
individual’s star. A model is never correct or incorrect; 
it is based on the facts available at that time, and, in 
fact, it reflects the state of equilibrium that has been 
reached, whether ideal or distorted. Thus, its clinical 
interpretation is a tool to recognize spatial behavior, 
as it must be borne in mind that vision is not in the 
eye but in the brain. The VOS is a representation of 
the projected visual behavior.35

As a test of visual ability, it provides a permanent 
record of the presence of suppression, the magnitude 
and variability of lateral and vertical phoria, and 
the adequacy of hand/eye coordination.37 The type 
and degree of suppressions, namely complete, 
alternating, peripheral, perimacular, and macular, 
are graphically demonstrated when using CH. The 
demonstration is important to both the patient and 
the professional, as it shows the concessions that 
the individual has made to respond satisfactorily to 
their visual environment. It is clear how the degree 
or skill in hand/eye coordination can be shown. 
Spasmodic, unsafe, and uncertain movements are the 
predominant symptoms of lack of coordination.33

Figure 2 shows how each center is located at 
the intersection of the vertical and horizontal lines; 
the patient is orthophoric, laterally and vertically. 
The input (actual location) and output (perceived 
location) match. There is no distortion in the visual 
space of this patient, and the objects are and appear 
to be in the same place.34

Instructions to undergo the VOS test
The patient had their face centered on the CH 

with the indication that they were not allowed to raise 
their heads; they had to grasp two pencils of equal 
size, one in each hand, and proceeded to place each 
pencil on the first icon of their respective sides. Then, 
the patient drew a line simultaneously from the icon 
on the left towards the center and from the icon on 

Figure 2. Orthophoric VOS
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the right towards the center. They had to look at the 
center of the paper, and when they observed that the 
pencil tips had come together but without the tips 
touching, they stopped drawing the line (Figure 3). 
Then, they moved on to the second icon and traced 
another line. The patient used the same technique 
with the remaining icons until they reached the 11th 
icon. At that moment, the test concluded.
VOS score

The score used for the study contained 5 values, 
with V1 being the lowest score as a highly undesira-
ble result and V5 being the highest score as a highly 
desirable result (Figure 4).

V1. Neither of the sides have a shape
V2. One side has a malformed apex or does not 

form the apex
V3. Intermediate value, both sides are relatively 

organized, but they can show a fan shape on 
both sides or similar

V4. Both sides have the apex formed quite clearly, 
although they do not project exactly on the 
frontal and/or sagittal axis

V5. Both sides are formed, organized; both apices 
practically located at the point of orthophoria

Statistics
The sample consisted of 44 boys (56.4%) and 

34 girls (43.6%) of the total sample size n = 78 
schoolchildren, aged between 4 and 15, with an 
average age of 7.4 years and a standard deviation 
of 2 years. The coefficient of variation is 27%, which 
indicates a large dispersion of age data.

The allocation of children to both therapies was 
carried out as follows: 26 children (33.3% of the 

sample) followed DM Primary Reflexes therapy, and 
52 (66.7%) the therapy developed by the INPP. 

The statistical analysis was developed with 
the help of the statistical package SPSS (Statistical 
Package for the Social Sciences, Inc., Chicago, IL, USA) 
in its version 21.0 for Windows.

Results
Variation in VOS Results

The values obtained in both therapies, shown 
in Table 2, suggest that the changes obtained as a 
consequence of inhibiting primitive reflexes are very 
similar regardless of the therapy used.

Figure 3. VOS test

Figure 3. VOS score

Table 2 . The Type of Variation on the VOS Scale

The Entire 
Sample

DM Therapy INPP Therapy

Fre-
quency

% Fre-
quency

% Fre-
quency

%

Decrease 5 6.4 2 7.7 3 5.8

Maintenance 11 14.1 4 15.4 7 13.5

Increase 62 79.5 20 76.9 42 80.8

Total 78 100 26 100 52 100
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The variable VOS score variation was defined 
as the difference between the final and initial VOS 
scores—the variable response is of the greatest 
interest in our analysis.

For the total sample of 78 children, the majority 
(about 80%) experienced an increase in VOS scores 
of 1 to 4 points. Only five children, two of them from 
DM therapy and three from INPP therapy, had a slight 
decrease of one or two points. Eleven children, four 
DM and seven INPP, maintained the score from the 
start to the end of therapy.

For five children, there was a decline in VOS 
score of one or two points; for 14.1% of the children, 
the score was unchanged. An increase in score was 
achieved in almost 80% of children, with 79.5% 
gaining between one and four points. The most 
frequent gain of two points was achieved in 28.2% of 
the sample. Frequency and percentage results related 
to variation difference are shown in Table 3.
Difference between Initial and Final Values of VOS

The linear correlation between quantitative 
variables was analyzed using Pearson’s r correlation 
coefficient and the independence test, the most 
relevant result being that there was a highly 
significant correlation between inhibition of PR and 
improvement in VP. The two Pearson r coefficients 
indicated a highly significant correlation (p=0.000; 
<0.01) with a 99% confidence level. The lower the 
initial VOS score, the higher the variation produced 
by the therapies; the lower the final VOS score, the 
lower the variation. The linear correlation is presented 
in Table 4.

The association or dependence between the 
applied therapy and the variation in the VOS scale led 
to the conclusion that the type of variation produced 
by both therapies was practically identical, being 
contingency coefficient C (value=0.048 (very close to 
zero); p=0.915 (very close to 1)).

Variations Produced by Two Quantitative Variables
Given that the two p-values exceeded the 

significance of 0.05, with a confidence level of 95%, 
we concluded that the variation produced by the 
therapies as a whole, as well as separately for each 
of the two analyzed therapies, was not significantly 
correlated with any of these two variables. The results 
are shown in Table 5.
Changes Produced by Qualitative Variables

None of the seven qualitative variables shown in 
Table 6 determined any significant association of the 
rate of change in VOS score variation. No observed 
value of the seven variables differed from that 

Table 3 . Frequencies and Percentages Relative to the Different  
Variations of the VOS Score

Variation −2 −1 0 1 2 3 4 Total

Frequency 3 2 11 17 22 18 5 78

Percentage 3.8 2.6 14.1 21.8 28.2 23.1 6.4 100

Table 4 . Correlation Produced by Reflex Inhibition Therapies 
in the Final Value of VOS

Initial VOS Score 
1–5 Scale

Final VOS Score 
1–5 Scale

Variation 
produced by 
therapy in 
VOS

r by Pearson −0.605 0.737

p-value 0.000 0.000

n 78 78

Table 5 . Correlations and Test Results of Different Quantitative 
Variables

Age Months of 
Therapy

Variation 
produced by 
therapy in 
VOS

r by Pearson 0.114 0.135

p-value 0.320 0.240

n 78 78

DM therapy r by Pearson 0.118 0.034

INPP therapy r by Pearson 0.116 0.179

Table 6 . Contingency Type of Variation VOS vs . Different 
Qualitative Variables

Coeff. C
p-Value

Conclusion

Sex 0.124
0.546

The rate of change produced is inde-
pendent of the sex of the 78 children 
(p=0.546; >0.05).

Repeat 
school year

0.152
0.398

The rate of change produced does 
not depend on whether or not 
the child has repeated the course 
(p=0.398; >0.05).

Binocular 
difficulties

0.166
0.332

The rate of change produced is inde-
pendent of whether or not the child 
had binocular difficulties at the start 
of therapy (p=0.332; >0.05).

Learning
difficulties

0.122
0.552

The rate of change produced is inde-
pendent of whether or not the child 
had learning difficulties at the start 
of therapy (p=0.552; >0.05).

Motor
difficulties

0.183
0.260

The rate of change produced is inde-
pendent of whether or not the child 
had motor difficulties at the start of 
therapy (p=0.260; >0.05).

Parents’
situation

0.158
0.369

The exchange rate produced is 
independent of the parents’ situation 
(separated or married) (p=0.369; 
>0.05).

Wear 
prescription 
glasses

0.197
0.207

The exchange rate is independent of 
whether or not the child wears pre-
scription glasses (p=0.207; >0.05).



Optometry & Visual Performance 191 Volume 10  |  Issue 4  |  December 2022

expected under the assumption of independence, 
which confirmed the previous conclusion. Repeating 
these associations separately, between the two 
therapies, no significant association was found in any 
test.
Student’s t Test

To determine whether the average increase in 
variation was positive, Student’s t test (Table 7) was 
applied after verifying that the data were adjusted to 
normal using the Kolmogorov–Smirnov test.

Table 7 . Student’s t Test Result

Variation 
Produced by 
Therapy in 
VOS

Test value = 0

t 10.161

gI 77

p-value 0.000

Mean differ-
ence

1.63

95% confi-
dence interval 
for difference

Bottom 

Top

1.31

1.95

Given that the p-value = 0.000 is less than 0.05, 
with a 95% confidence level, it was concluded that 
the therapies applied achieved a highly significant 
increase in the average of the changes in the VOS 
score for the sample of 78 children.
Results Regarding Sex

By comparing the total averages, regardless of 
the therapy applied (Table 8), females outperformed 
males, with a mean increase in the VOS score of 35.5% 
and an average of 1.91 compared to an average of 
1.41 for males. The p-value of 0.121 (>0.05) of the 
Student’s t test indicated that the averages of males 
and females were not significantly different.

The application of DM therapy produced nearly 
equal averages; females outperformed males by 1.3% 

(1.55 compared to 1.53). The p-value of 0.981, well 
above 0.05 and very close to the unit, confirmed this 
conclusion.

INPP therapy, on the other hand, gave very 
different average results: 2.09 in females and 1.34 in 
males, a 56% out-performance in favor of females. 
The test showed a p-value of 0.074 (<0.10; double of 
0.05 if we consider a unilateral test), which allows us 
to conclude, with a confidence level of 95%, that the 
average results of the females significantly exceeded 
those of the males.
Age of Onset and Duration of Therapy

The average age of initiation of therapy (Table 9) 
was significantly different, as children aged between 
4 and 6 years were systematically included in DM 
therapy, while children aged 7 years and older were 
systematically included in INPP therapy.

Table 9 . Age of Onset and Duration of Therapy

Variable DM Therapy INPP Therapy p-Value

Age of onset 5.62 ± 0.637 
(4, 6)

8.31 ± 1.842 
(6, 15)

0.000

Duration of 
therapy

12.7 ± 1.225 
(10, 14)

12.0 ± 1.836 
(8, 17)

0.045

Finally, being a single child vs. having more 
siblings, permanently taking methylphenidate, or 
being adopted or not did not provide significant data 
in the study.

The duration of therapy with p-value of 0.045 
(<0.05), led us to conclude, with a 95% confidence 
level, that among the mean durations of both 
therapies, the mean length of DM therapy (12.7 
months), significantly exceeded the mean length of 
INPP therapy, which was 12 months.

Discussion
The presence of PRs after the age of three can 

affect motor and cognitive development in children, 

Therapy Sex n Average SD Minimum Maximum

Variation 
produced 
by 
therapy in 
VOS

DM
therapy

Male 15 1.53 1.407 −1 3

Female 11 1.55 1.128 0 3

INPP
therapy

Male 29 1.34 1.446 −2 4

Female 23 2.09 1.474 −2 4

Total Male 44 1.41 1.419 −2 4

Female 34 1.91 1.379 −2 4

Total 78 1.63 1.415 −2 4

Table 8 . Basic Parameters of Therapies According to Sex
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although it can also do so at the level of visual 
organization. The visual system is not exempt from 
external, environmental influences or from internal, 
bodily influences. This presence of the PRs hinders 
a motor organization that translates into a possible 
anomalous visual projection.

The abnormal VP can translate into motor 
clumsiness as well as academic delay. At the motor 
level, an inadequate projection can imply that 
calculations regarding distances suppose a whole 
challenge and that a simple action such as going up 
or down the stairs is carried out slowly or prudently 
since they show insecurity. It must be borne in 
mind that an inadequate projection implies that an 
individual is focusing on a point where things are 
not really there, highlighting the difference between 
visual entry and exit. At the academic level, this can 
have the same consequences: the reading process, 
already complex for many children, can be even more 
difficult due to the difference between where the 
words are and where they focus, so additional effort 
is added.

Most published studies show the effects of 
uninhibited primitive reflexes with learning disorders, 
attention deficit, language problems, dyspraxia, and 
postural problems. However, there are no conclusive 
studies that confirm the relationship between 
sensory disturbances, and more specifically visual 
disturbances, and the activity of PRs.38 We hope 
that this study provides conclusive data that such a 
relationship does exist.

The results show that the inhibition of PRs 
significantly increases the final values of the VOS. 
The results suggest a relationship between the body 
and the visual system, as well as between inhibition 
of PRs and improvement in VP. We establish that PR 
inhibition balances visual asymmetries and improves 
visual fixation.

Around 80% of the children improved, 14% 
maintained the same projection index, and the VP of 
6% worsened. The data coincide and are very similar 
regardless of which therapy, which suggests that it is 
the selection of the appropriate therapy, its quality 
in the execution, and periodicity that lead to an 
improvement in visual projection.

In the VOS test, we found five cases where the 
result was worse than the initial result, but we did not 
manage to obtain any clear pattern as to the reasons 
why this occurred. The only relevant data are that of 
the five cases, four of them were males and one was a 
female. For the 11 patients who maintained the same 

end-of-treatment score, 6 were males and 5 were 
females.

No individual characteristic analyzed represented 
significant data, as all of the characteristics were 
homogeneous. Thus, it is not possible to determine 
or to suggest any objective cause that could help to 
clarify these facts.

Within the type with the greatest variation, we 
noted that the highest percentage (28.2%) improved 
by two points, followed by 23.1% that improved by 
three points. This means that more than half of the 
children and adolescents improved by between two 
and three points, which represents a considerable 
improvement in visual projection. A total of 21.8% 
showed improved projection by one point, and, 
finally, 6.5% improved by four points. This last case 
that occurred in five children in the sample is not 
common, as such a change is usually only possible 
through therapies aimed particularly at vision; 
however, we consider it to be very positive.

Inhibition of PRs consists of replicating 
standardized exercises that must be performed on 
a daily basis and movements that are not visual 
exercises, leading to normalization and balance of 
the visual system, with the result of an improvement 
in VP. An example is shown in Figure 5.

The data shows that age is not a variable that 
can be correlated as significant in the final result. 
We believe that the key to success is in applying 
the appropriate therapy to the characteristics of 
the children. Most of the INPP exercises cannot be 

Figure 3. Example of a VOS before and after treatment
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performed by children under 7 years of age because 
the required control and the necessary tone is not 
fully developed, which can lead to failure. In fact, 
there are certain exercises within INPP practice that 
are still very complex for children who have just 
turned 7, so certain methods must be established to 
facilitate their execution. DM therapy could be used 
for children over 7 years of age. However, we would 
not recommend it, as these exercises provide a lower 
level of control and intensity. Other DM exercises are 
performed passively or are supervised by parents. 
Considering the characteristics of older children, not 
all exercises would be recommended for therapeutic 
use at older ages. Each age group needs a therapy 
planned and designed for its characteristics.

If the chosen therapy is adequately adapted 
to the motor qualities of the children and the 
inhibition of the PRs is achieved, then there is a high 
probability of obtaining a quantitative and qualitative 
improvement in the final VOS value. In this case, the 
results of this study show that the variation produced 
by both therapies is practically the same in terms of 
the impact produced by DM and INPP on the final 
VOS value. However, one observed data point is the 
qualitative difference in working with the group of 
young children aged between 4 and 6 years of age. 
Both evaluations and daily work by parents at home 
with this group are more complex than those of older 
children because more effort and dedication are re-
quired.

Within the qualitative variables, neither the sex of 
the children (44 male and 34 female (p=0.546; >0.05)) 
nor the fact that they had repeated a school year 
(8 children (p=0.398; >0.05)) constituted significant 
variables in the final variation of the VOS score. 
Moreover, the other three qualitative variables failed 
to determine any significant association with the rate 
of change in the VOS score variation.

Binocular difficulties (p=0.332; >0.05) are 
understood as those dysfunctions that, without 
being pathological, cause difficulties in the 
normal functioning of visual coordination, such as 
accommodative and vergence dysfunctions.

Learning difficulties (p=0.552; >0.05) are those 
that could cause inadequate academic development, 
such as processing difficulties; slow reading; and 
confusion of letters, words, or line breaks when 
reading.

Motor difficulties (p=0.260; >0.05), such as motor 
type dysfunctions in general, may have associated 

problems in body coordination, clumsiness when 
doing sports, or non-pathological walking disorders.

The treated children came to our center as a 
consequence of one of these three causes. These are 
not exclusive, and, in many cases, the parents argued 
that their children showed one, two, or even all three 
dysfunctions on a day-to-day basis. It is logical to 
think that this is the case since the presence of PRs 
in childhood or adolescence is not always selective, 
and it may affect more than one area, becoming 
multifactorial. For instance, a binocular difficulty 
such as convergence insufficiency can lead to a child 
showing academic delays due to difficulties in reading. 
In the same way, a vestibular difficulty can lead not 
only to difficulties in the spatial location necessary in 
ball sports but also to difficulties in visual fixation. It is 
also true that, sometimes, compensations appear that 
mask some difficulties, although these are underlying 
and can be subtly observed. The parental situation, 
that is, the possibility that the family may be made 
up of a single parent or separated or married parents, 
did not represent a significant variable (p=0.369; 
>0.05). Wearing glasses (p=0.207; >0.05) also did not 
show a significant association.

The variation in the result of the VOS had a 
greater impact on females than on males. The results 
in DM therapy were on average similarly increased 
by males and females. With INPP therapy, the result 
was broader, with the average improvement in males 
being 1.34 points compared to 2.09 for females. The 
general average by sex was an increase of 1.41 points 
in males compared to 1.91 points on average in 
females, which shows a clear improvement in the final 
result of the visual projection. The overall count was 
an average increase of 1.63 regardless of sex. It also 
follows that among the two therapies, DM therapy 
is more conservative while INPP is more aggressive, 
with the latter decreasing the improvement more in 
males than in females and the former increasing it 
more in females than males. We did not note any clear 
reason for this difference in females; perhaps it is due 
to the qualitative improvement in the performance 
of exercises at home or to biological reasons. A more 
complete study should be conducted to obtain 
definitive data.

The only significant variable found corresponds 
to the difference between both therapies in the time 
required to achieve PR inhibition (p=0.045; <0.05). 
DM required 12.7 ± 1.225 months on average, with a 
range between 10 and 14 months for children with an 
average age of 5.62 ± 0.637 years. INPP, on the other 
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hand, required an average of 12.0 ± 1.836 months, 
with a range between 8 and 17 months for children 
with an average age of 8.31 ± 1.842 years. We believe 
that the reason lies in the motor skills corresponding 
to each age. Under 7 years of age, exercises tend to 
be more passive and accompanied by parents. Above 
7 years, the requirement may be as great as the 
motor characteristics of that age allow it to be. We 
can summarize by stating that above 7 years of age, 
the therapy used can be more intense and include 
more motor and muscular demands, while below 
this age, what cannot be achieved with demand and 
intensity is achieved periodically through a longer 
duration in time. Regardless of whether the therapies 
used are more or less passive, more or less active, or 
more or less accompanied, if the primitive reflexes 
are inhibited, the results are practically identical.

This is corroborated by the quantitative variable 
of months of therapy. The variation produced in the 
final VOS value is not correlated with the months of 
therapy (p=0.240; >0.05). This shows that the aim is 
not to demonstrate that the longer the better or the 
shorter the better, but rather, when the inhibition of 
the PRs is achieved, the objective will have been met, 
and it will be this inhibition that will have led to an 
improvement in VP. 

In our clinical practice, VT is usually the goal in 
the correction of binocular difficulties as well as 
academic difficulties. Our approach is to start VT 
once the PRs are inhibited. A properly performed 
PR inhibition program can be a great resource as a 
pre-VT stage. With the results obtained, it would be 
reasonable to think that motor organization should 
initially prevail to the visual organization; otherwise, 
it could represent a permanent break throughout 
the VT, slow it down, or prevent success since the 
structural base may not be fully organized.

The combination of VT exercises with PR 
inhibition exercises is also a widespread practice, but 
our experience led us not to adopt these guidelines, 
because the workload of this combination greatly 
exceeds the capacity of children and adolescents. 
If they also have to combine this with academic 
activities, the experience may not be very pleasant for 
them. Moreover, the rhythms used in both therapies 
are not easy to associate. It is not logical to stimulate 
eye control exercises through VT when the lack of 
motor control provokes stimuli opposite to those 
needed in VT. On the other hand, we can also claim 
that inhibition of PRs is not substitute for VT. What 
this study shows is that the body is an indivisible part 

of the visual system and cannot be viewed as both 
segregated and disconnected.

As for the score of the last VOS test, it is natural 
to assume that reaching a V5 score, the most highly 
desirable score, is not simple and is difficult to 
attain solely in the application of an individualized 
PR inhibition program, as it is usually only possible 
to achieve this score from a complete and perfectly 
structured VT process administered by behavioral 
optometrists.

Improving projection does not mean that 
the visual system is completely corrected or that 
binocularity appears systematically or is guaranteed. 
It means that the VP levels improve, but then other 
therapies (in this case, VT) must be continued in order 
to continue structuring visual skills in a coherent 
way. We must be aware that the inhibition of PRs has 
limitations in terms of the organization of the visual 
system, although it is the base through which it can 
be later achieved.

The two VOS tests were executed in different time 
slots. The first test was carried out during the morning, 
without attending school, when the children were 
fresher, had a greater attention span, and were more 
predisposed to the test. In contrast, the final test was 
always carried out in the afternoon after the school 
day and with the tiredness that this could bring. 
We have not been able to confirm whether this can 
represent a significant variable.

With the improvement in VP comes another 
qualitative but not measurable characteristic: namely, 
the improvement in the quality of the strokes in 
the VOS test. The type of exercise that is developed 
during the approximately 12 months of therapy 
provides greater control of the whole body. The 
smooth, coordinated movements and the application 
of the right amount of muscle tone in the limbs, 
trunk, and head lead to a spatial understanding that 
improves proprioception and balance. Furthermore, 
this translates into projection. People see the world 
from their own perspective; if their projection is not 
adequate, they cannot be sure of the actions that they 
carry out. Moreover, insecurity leads to clumsiness or 
extreme caution. The improvement in motor skills that 
is achieved through inhibition of PRs is what leads to 
maturity of the central nervous system and, therefore, 
to better motor planning, including in the visual 
system. Children and adolescents often improve not 
only in the projection of the visual system but also in 
concepts such as self-regulation and, consequently, 
better executive function.
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Regarding our hypothesis on how PRs improve 
VP, visual processing begins in the retina—here, 
the image of the world breaks down through visual 
filters. In mammals, the visual message moves to 
an intermediate station in the thalamus, the lateral 
dorsal geniculate nucleus (LDGN). It is a structure 
that receives the axons of the ganglionic cells in an 
organized manner according to the eye from which 
the image comes. This information is transmitted 
to the primary visual cortex (V1), from which 
connections are made with many other cortical and 
subcortical visual structures. LDGN plays a key role 
in the transmission of visual information to the brain 
body. Unlike the retina, this is a site where both the 
processing and transmission of information occurs; 
the thalamic transmission can be modulated by a 
series of inputs that arise from the brainstem and 
depend on the state of behavior of the organism.39 
In certain areas of the brainstem, nitric oxide (NO) 
is released when activity increases. The NO increase 
acts on the thalamus–cortical neurons of the lateral 
geniculate nucleus, which, in turn, increases their 
activity. In this sense, NO functions as a general 
system to gain enhancement by amplifying signals 
such as center–periphery antagonism.

NO has a modulating function in relation to 
the ubiquitous neuromodulator that is involved in 
multiple functions of the visual system, including 
the responsiveness of visual cortical and thalamic 
neurons.40 The nitrinergic system is involved in the 
control of eye movements.41 Various circuits of LGN 
could provide a substrate for binocular modulation; 
thus, it could be concluded that the outputs of both 
eyes are found and interact somewhere in the brain 
before binocular combination in the primary visual 
cortex.42

NO is an important neuromodulator that can be 
released in the thalamus in a large amount as ordered 
by the trunk and diencephalon activator systems. At 
the same time, most experimental results indicate 
that NO produces activation of the neurons on 
which it acts, and, therefore, its role within complex 
circadian control mechanisms would be to facilitate 
the functioning of the triggering systems. This is also 
the case with the transition from sleep to wake.43

In addition, a wake activator could have motor 
activity; in fact, the serotonin system may be related 
to the arousal that accompanies the standardized 
and automatic motor activity.44 There is a sensory 
influence on the cortex that maintains the brain 
activity necessary for attentional modulation; the 

activity of the cortical neurons is maintained by a 
reflex mechanism to proprioceptive and exteroceptive 
stimuli.45

In summary, the thalamus and cortex, in 
combination with levels of arousal, are modulated 
by the reticular system to provide the appropriate 
and necessary substrate for perception and for 
the complex cognitive processes to take place.46 
Therefore, with the data obtained, we could speculate 
that standardized repetitive exercises used to inhibit 
PRs could have an effect similar to that observed 
during the transition from sleep to wake.

It may be risky to assume that stimulating the 
brainstem through specific motor exercises of PR 
inhibition could increase NO at the thalamic level. 
This could increase the gain and the signal reaching 
the cortex, therefore improving binocular vision, VP, 
and consequently fixation. The fact that binocularity 
improves or appears could explain why visual 
asymmetries are reduced to a greater or lesser extent 
with a result of better VP.

Evidence also indicates that NO is involved in 
cortical activation, and it also affects other subcortical 
structures, including, among others, the upper 
colliculus and higher-order thalamic regions, such 
as the pulvinar nuclei.40 The rostral pole of the upper 
colliculus is also known as the fixation zone, which 
is important to drive the eyes.47 The upper colliculus 
appears to be provided not only with a visual map but 
also with information on the point to which the eye 
is pointing,48 and the fact that it plays a fundamental 
role in the control of saccadic eye movements should 
be considered.49 On the other hand, the pulvinar 
nuclei are also involved in vision; one of the observed 
actions of the cells of the pulvinar nuclei is that of the 
reach of an arm to an object.50

PR inhibition exercises require continuous motor 
planning due to their high level of control. The CE is 
the brain’s autopilot, specializing in preprogramed 
automatic synchronization of muscle contractions 
to optimize motor performance and playing an 
important role in calibrating visual movement signals 
to maintain eye fixation.51 The CE has also been 
involved in adjusting biases in the control systems 
for stable fixation.20 A differential role for later CE 
is indicated in adaptive control of convergence eye 
movements, while vergence eye movements shift 
our gaze in depth, allowing us to see in 3D.52 There is 
evidence of CE motor control of the eye supporting its 
involvement in the mid-line,53 and it is also involved 
in the control of eye movements, visuospatial care, 
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and peripheral vision, all of which are important for 
visual aspects, such as reading.54

Conclusions

The results of the study show a complete lack 
of dependence of any quantitative and qualitative 
exposed variables, with the conclusion that inhibition 
of PRs improves VP in a significant way. Such 
improvement is a result of the application of two 
therapies specifically designed for two age groups 
that must be systematically performed on a daily 
basis, following the therapist’s guidelines for as long 
as the therapist deems appropriate. The specific 
inhibition of four PRs, namely the MR, TLR, ATNR, and 
STNR, may be the key to the process of improvement 
in VP. These are not the only PRs, but they are the main 
representatives of motor and postural control, and 
effort must be directed toward their total inhibition.
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ABSTRACT

Background: Uncorrected refractive error is 
a common cause of preventable blindness. In 
developing countries, eye care professionals 
and refraction tools are in scarce supply to meet 
the great demand for correcting refractive error. 
This study aims to compare the Focometer and 
the Instant Vision Assessment Device (IVAD) in 
obtaining subjective refractions. 

Methods: Self-refractions were performed with the 
Focometer and the IVAD, respectively, on the right 
eye of 27 subjects. The range of age was from 23 
to 51 years, and the mean age was 37.4±7.8 years. 
Subjects were in a rehabilitation center in Osaka, 
Japan. The spherical equivalent refraction findings 
obtained with both instruments were compared. 
Paired t-test, regression analysis, and Bland-Altman 
plot were used for statistical analysis.

Results: The mean spherical equivalent refraction 
and the standard error measured by the IVAD in 
the right eye was -2.00±0.46 D. With the Focometer, 
these were -1.89±0.47 D. The difference in the 
measurement and the standard error between the 
IVAD and the Focometer was -0.12±0.16 D, which 
was not statistically significant (p = 0.46, t = 0.75). 
The results obtained by the 2 instruments were 

Introduction
Uncorrected refractive error is the most common 

cause of blindness in the world. According to the World 
Health Organization (WHO), uncorrected refractive 
error has caused 123.7 million people to have vision 
impairment affecting distance visual performance.1 
Vision impairment may lead to significant loss in 
economic productivity and decreases in quality of life 
and visual functions.2-4 Consequently, eye care services 
and corrective devices are in great demand, especially 
in the under-served populations.5 Simple, affordable, 
and easy-to-use refraction tools are required to meet 
the need. Self-refraction is one of the viable options.

Many studies have been carried out to explore 
the feasibility of self-refraction.6-18 The Focometer is 
an accurate and low-cost device to provide refractive 
measurement.7,10,14,15 The Instant Vision Assessment 
Device (IVAD) has also been found to be a practical, 
reliable, and valid means to determine refractive 
error.9,18,19 

The Focometer makes use of the Badal Optometer 
Optics.20 It enables correction of a person’s refractive 
error by rotating the monocular focusing system, the 
rotating collar, until a clear distant target is achieved.15 
The correction needed is then shown on the linear 
diopter scale. The Focometer was used to help aphakic 
people improve vision after cataract extraction and 
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highly correlated (R2 = 0.89; p = 0.00), and there 
was no systemic measurement difference between 
the two instruments.

Conclusions: Refractive error findings obtained 
with the Focometer and the IVAD are comparable 
to each other. Both instruments are valid and 
useful tools for determining spherical equivalent 
refractive error.

Keywords: blindness, Focometer, Instant Vision 
Assessment Device, refractive error
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was adopted in eye care service in Tanzania, Thailand, 
Mexico, and Brazil.21,22 Accuracy of the Focometer was 
confirmed in various studies. The difference in spherical 
equivalent refraction was within ±0.50 D when the 
Focometer results were compared with spherical 
equivalent auto-refraction and subjective refraction in 
both children and adults.15 Reliability was also shown 
when the Focometer was compared with Adspecs and 
subjective refraction in Boston and in Nicaragua7 and 
with auto-refractor findings in sub-Saharan Africa and 
in Australia.10,14

The IVAD was originally developed for conducting 
refractive measurement in low vision patients.16 
It makes use of the Galilean focusable binocular 
telescope. Its back vertex power is varied by adjusting 
the length of the telescope, which changes the power 
in a continuous manner.9,17,23 It has been found that 
the mean spherical equivalent of this instrument and 
subjective refraction differed by ±0.03 D.19 The IVAD 
has also been proven to be accurate and practical for 
determining refractive error in both normal children 
and adults, as well as low vision patients.9,18 Its simple 
and electricity-free design, like the Focometer, allows 
the application of the IVAD to help the underserved 
populations in developing countries where eye care 
services are limited.  

Both the IVAD and the Focometer have been 
reported to be reliable.7,9,10,14-17 Therefore, we 
hypothesized that the spherical equivalent refraction 
results obtained by these two instruments are 
comparable to each other. In this study, we aimed 
to compare spherical equivalent refraction findings 
elicited from both devices and investigate whether 
they could produce similar spherical equivalent 
refraction findings.

Methods
IVAD

The IVAD is a 90-gram Galilean focusable binocular 
telescope of 2.4x magnification, as shown in Figure 
1. The objective is 23 mm in diameter and consists 

of two lenses made of polymethyl methacrylate and 
polycarbonate, respectively. The eyepiece is 10 mm 
in diameter and made of polymethyl methacrylate. 
The magnification changes from 1.7x at the shortest 
length to 2.7x at the longest length. The diameter of 
the exit pupil changes from 13.5 mm to 8.5 mm as 
the telescope focuses from the shortest to the longest 
length. There are thirty marked positions, ranging 
from +0.62 D to -9.0 D. An extra lens cap of +0.50 D at 
the objective can be placed to increase the range of 
refractive measurement.9  
Focometer

The Focometer is a 500-gram monocular, hand-
held refractive measurement device, as shown in 
Figure 2. The refractive error result is shown on the 
dioptric scale, with a range from -8.00 D to +10.00 D, 
corrected to the nearest 0.5 D.15

Measurements
Measurements with the IVAD and the Focometer 

were performed in the same room. The PolyU tumbling 
chart and the Japanese Landolt chart were placed on 
different sides of the room. The lighting condition for 
the IVAD was 288 lux, while that for the Focometer was 
346 lux. Refraction was performed first with the IVAD, 
followed by the Focometer.

This study aimed to have enough statistical power 
to detect a 0.5 D difference between the two methods 
of measurement. This difference was based on the 
95% agreement of about 0.5 D for the repeatability 
of subjective refraction.24,25 Assuming a standard 
deviation of 0.75 D, the number of subjects that 
would give an 80% chance of finding a statistically 
significant difference between two sample means, at 
a two-sided 0.05 alpha level, was 20.26 To account for 
possible out-of-range refractive measures, 27 subjects 
were recruited in the Nippon Lighthouse rehabilitation 
center in Osaka, Japan. Informed consent was obtained 
from each of them. The age of the subjects ranged 
from 23 to 51 years old. 

In this study, the right-eye spherical equivalent 
refraction findings were obtained by the IVAD at three 

Figure 1. Instant Vision Assessment Device (IVAD)

Figure 2. The Focometer
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The reason why the third reading was taken as 
the sample data is that these instruments may be 
used in developing countries where people may have 
limited training on performing refraction. Averaging 
the refractive errors obtained involves complicated 
calculations, which may be impractical in clinical 
settings. A learning effect may give more reliable 
refractive results, with examples of the third reading 
being comparable to the readings obtained by 
autorefractor.10

Statistical analysis
Spherical equivalent results taken by the IVAD and 

the Focometer in the right eye were analyzed by paired 
t-test, regression analysis, and Bland-Altman plot. 
Paired t-test was used for the comparison between 
the measurement results obtained by the IVAD and 
the Focometer. The correlation between them was 
evaluated by regression analysis. A Bland-Altman 
plot was used to determine the level of agreement 
between the two instruments. P-value less than 0.05 
was considered statistically significant.

Results
The subjects ranged in age from 23 to 51 years 

old, with a mean age of 37.4±7.8 years. Only the right 
eye data were collected and analysed. The spherical 
equivalent refraction results obtained by the IVAD 
and the Focometer are shown in Figure 3. The mean 
spherical equivalent refraction and the standard 
error with the IVAD was -2.00±0.46 D, while the mean 
spherical equivalent refraction and the standard error 
with the Focometer was -1.89±0.47 D, shown in Figure 
4. The difference in the measurement and the standard 
error between the IVAD and the Focometer was -0.12 

meters with the PolyU tumbling E chart. The pupillary 
distance was set before the measurement. The vertex 
distance of the telescope was 10 mm. The left eye, 
which was not being tested, was covered. The subjects 
were asked to reduce the length of the telescope from 
the maximum plus until the smallest target on the 
visual acuity chart was carefully and slowly focused 
and clear. Three readings were repeated, and the last 
reading was taken as sample data. 

The spherical equivalent refraction findings of 
the right eye were obtained at five meters by the 
Focometer with a Japanese Landolt ring chart. The 
subject was first asked to focus the distance target by 
rotating the knob on the Focometer from the positive 
end until a sharp and clear image was obtained in the 
right eye. Meanwhile, the left eye was covered. Three 
measurements were taken; the last reading was taken 
as sample data. 

Figure 3. Distribution of spherical equivalent refraction findings of 27 subjects obtained with the IVAD and Focometer, 
respectively

Figure 4. Mean spherical equivalent refraction of the right eye 
with standard error obtained with the IVAD and Focometer
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±0.16 D, which was not statistically significant (p = 
0.46, t = 0.75). 

Regression analysis was performed to evaluate 
the correlation between the Focometer and the IVAD. 
As shown in Figure 5, the results obtained by the 
Focometer and the IVAD in the right eye (R2 = 0.89; p 
= 0.00) were highly correlated.

The Bland-Altman plot in Figure 6 demonstrated 
the differences between the IVAD and the Focometer 
measurements in the right eye. The 95% limits of 
agreement for the difference were ±1.60 D. There 
were 17 of 27 (63%) of the refractive measurements 
obtained by the two devices where the difference of 
the measurements was within ±0.75 D.

Discussion
Refraction results by the IVAD and the Focometer 

showed that 63% of the refractive measurements 
obtained by the two instruments had a difference 
within ±0.75 D. This matches the repeatability of 
non-cycloplegic subjective refraction as suggested 

by Zadnik, Mutti & Adams.27 Since only spherical 
equivalent refraction was done, the component of 
astigmatism corrected only by best spherical power 
might have caused the target not to be clear enough to 
achieve a definite measurement endpoint. Considering 
this factor and the high correlations demonstrated by 
statistical analysis, the proportion of measurement 
difference (within 0.75 D) between the two devices 
would still be acceptable. 
Usefulness of the IVAD and the Focometer

In this study, it was found that the IVAD and the 
Focometer showed no significant difference in terms 
of refractive measurements, and both devices showed 
reliability consistent with previous studies on the use 
of the IVAD, the Focometer, and the Adspecs.7,9,10,14-17 
The IVAD and the Focometer are feasible to use in 
rural and under-developed places for self-refraction 
and overcome limitations of access to trained eye care 
practitioners or electricity. The instruments are easy to 
use by rotating knobs to obtain a clear distance target. 
However, limits in needed hand dexterity  may cause 
difficulty for older patients whose hands may be too 
unsteady to manipulate the devices.10 This is especially 
a problem for the Focometer, as it is substantially 
heavier than the IVAD. The heavier Focometer requires 
the patient to hold the instrument, whereas the lighter 
IVAD can be placed in front of the eyes like glasses 
when performing self-refraction.
Limitations of the study

There are a few limitations in this study. The use 
of different testing distances and visual acuity charts 
between the IVAD and the Focometer may limit their 
level of comparability. The test order of IVAD and 

Figure 5. Regression analysis of the Focometer on the IVAD in 
the right eye

Figure 6. Spherical equivalent refraction difference between the IVAD and the Focometer (IVAD-Focometer) 
(D) against the average of spherical equivalent refraction results ((IVAD+Focometer)/2) (D). The red lines 
indicate the 95% limits of agreement. The yellow line indicates the mean difference. The dotted line is the 
regression line. 
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Focometer was not randomized, and only the right 
eye data were analysed. Visual acuity can be assessed 
to see whether the refractive prescription is practical 
enough for improving vision. It would also be better to 
have more subjects to eliminate the effect of extreme 
data and to reduce the 95% limits-of-agreement range. 

Conclusion 
The IVAD and the Focometer are both practical 

and comparable devices to determine refractive errors. 
They are useful tools for health workers in countries 
where there are few optometrists in under-served 
communities.  
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ABSTRACT

Background: Smooth pursuit eye movements 
(SPEM) are critical to humans’ ability to see and 
interact with the world. However, limitations exist 
in the assessment of oculomotor training designed 
to improve SPEM. The purpose of this study was to 
determine whether participants with poor SPEM 
improved via a standardized oculomotor training 
program. The secondary objective was to quantify 
the change in SPEM accurately using eye tracking. 
The third objective was to examine participants’ 
neurobehavioral symptoms before and after 
oculomotor training using the Neurobehavioral 
Symptom Inventory (NSI). 

Methods: Four SPEM metrics, including Functional 
Vision EyeQ score, on target, latent and predictive 
pursuit percentages, and symptoms using NSI were 
assessed. Participants were randomly assigned 
either to the intervention (IG) or no intervention 
(NI) groups. The intervention group performed 10 
minutes of oculomotor training daily for five days 
using the EyeQ Trainer, while the NI group did not 
receive any intervention. Each group comprised 
46 participants, with mean ages of 35.43±22.9 
and 41.59±22.3 years for the intervention and NI 
groups, respectively. 

Introduction 
Smooth pursuit eye movements (SPEM) are used 

to track and to stabilize the image of a moving object 
on the fovea. SPEM are also used to judge the speed 
of moving objects to account for follow-on motor 
responses. By trying to stabilize the target on the 
fovea, SPEM are continually translating signals and 
converting deviations from the ideal trajectory into 
compensatory eye movements.1

Eye movements such as SPEM have brain-related 
anatomical circuits that make distinct contributions 
to the eye movements and ultimately to action. 
SPEM are mediated by a cerebro-ponto-cerebellar 
pathway.1 The cerebral cortex contains several frontal 
and parietooccipital areas that have distinct roles in 
generating SPEM. The middle temporal (MT) visual 
area is a visual motion processor that contributes 
to smooth pursuit by extracting retinal motion of 
the target. Lesions in this area have resulted in an 
inability to track targets within the confines of the 
motion scotoma.2 SPEM are also foreseen by the 
middle superior temporal (MST) area that represents 
an object in motion in world-centered coordinates.1,3 
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Results: There were significant interactions 
between groups (intervention and NI) and times 
(pre- and post-oculomotor training) for all four 
SPEM metrics and NSI symptoms (p<0.05). The 
SPEM metrics showed improved tracking abilities  
and a significant reduction in NSI symptoms in the 
intervention group compared to the NI group post 
training.

Conclusions: This study demonstrated that 
oculomotor training showed improved SPEM 
metrics and reduction in symptoms. Future 
research should consider the examination of eye 
movement metrics for saccades and gaze stability. 
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A lesion in the MST causes directional error, with 
lowered speed toward the side of the lesion.1

The cerebellum uses at least two areas for 
processing signals relevant to smooth pursuit: the 
flocculus–paraflocculus complex and the posterior 
vermis. Lesions in the cerebellum show mild deficits 
in horizontal and vertical pursuits in both directions 
and vestibular-ocular reflex (VOR) cancellation if the 
lesion is unilateral in the ventral paraflocculus (VPF). 
Bilateral lesions of the flocculus and VPF result in 
severe deficits in horizontal and vertical pursuits in 
both directions, as well as VOR cancellation.  Lesions 
in the vermis region of the cerebellum result in 
ipsiversive horizontal smooth pursuits. Lesions in 
the fastigial nucleus result in deficits in contraversive 
horizontal pursuit. Lesions starting from the medial 
vestibular nucleus also affect VOR because pursuit 
and VOR share similar pathways from this point 
forward. Hence, resulting symptoms tend to overlap.

When a person can effectively use their eyes for 
smooth pursuit, cognitive processes are enabled. For 
example, effective tracking of a car allows the person 
to determine its speed, to calculate the time to 
interception, and ultimately to decide about when to 
cross the road. Such activities facilitate the integration 
of head movements into smooth-pursuit behaviors 
and the coordination of perception and action.1,3 As 
a person ages, smooth pursuit performance often 
declines. This decline is commonly tied to cerebellar 
disease and to drugs that affect the nervous system.4

Optimization and repair of smooth pursuits 
can be enhanced using oculomotor training.5 
Studies have shown significant improvement in eye 
movement functions following oculomotor training, 
even in adults with brain injury, demonstrating 
a preserved mechanism of neuroplasticity. Eye 
movement training has been used to improve skills 
in patients with clinical conditions who demonstrate 
poor performance, as well as in those who are trying 
to achieve elite performance in sports.6,7 Oculomotor 
training, including pursuit training, has been 
shown to be successful in improving performance 
in patients with various clinical conditions, 
including gait functions;8 macular degeneration;9 
progressive retinitis pigmentosa;10 cognitive function, 
depression, and functional ability;11 tunnel vision;12 

and progressive supranuclear palsy.13 Additionally, 
training specific to pursuit eye movements has been 
successful in mitigating spatial neglect following 
a stroke.14,15 Eye movement training has shown to 
improve performance in elite-level personnel as well. 
Zupan et al. used eye movement training to improve 

Air Force fighter pilots’ reaction time, near-far 
focusing, and number of cycles of saccadic refixations 
in horizontal and vertical directions.16

The current state of eye movement interventions 
has been created using clinically relevant principles 
of neuroscience, neurology, motor learning, and 
rehabilitation.6,7 However, limitations exist in the 
use of eye movement outcome measures due 
to the  complexity of objectively measuring eye 
movements and the interpretation of results from 
such interventions.17 Therefore, the purpose of 
this study was to determine whether participants 
with pre-determined poor pursuits improved via a 
standardized, commercially available oculomotor 
training program. A secondary objective was to 
quantify the change in SPEM accurately using 
eye tracking. A third objective was to examine 
participants’ neurobehavioral symptoms before and 
after oculomotor training using the Neurobehavioral 
Symptom Inventory (NSI).18

Methods
Participants

Participants were recruited through RightEye 
clinical providers. This includes certified optometrists, 
chiropractors, and functional neurologists in the 
U.S. who had access to the RightEye system. These 
participants underwent a routine eye examination 
with a certified optometrist prior to engaging 
in the study. Testers had completed and passed 
the RightEye training sessions. The nature of the 
study was explained to the participants, and they 
were provided with a written informed consent to 
participate, which was approved by the University. The 
study was conducted in accordance with the tenets 
of the Declaration of Helsinki. The study protocols 
were approved by the Institutional Review Board of 
East Carolina University. Following informed consent, 
the RightEye clinical providers administered the 
oculomotor testing and training for the participants. 
Participants were asked to complete a pre-screening 
test. Following pre-screening, participants completed 
the NSI questionnaire and then took the Functional 
Vision EyeQ (FVEQ) series of tests. Once testing was 
complete, they were randomly assigned either to the 
intervention group (IG) or to the no-intervention (NI) 
group. They were instructed not to engage in any 
training or intervention. If they were assigned to the 
IG, they would receive an email allowing them to 
sign up. The EyeQ Trainer exercises were automated 
within the software program. Testers were blinded to 
which group participants were assigned; that is, they 
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were unaware of which participants were in the IG 
versus NI.

The IG trained using the RightEye “EyeQ Trainer” 
exercises and no other interventions. The NI did not 
do either the RightEye “EyeQ Trainer” exercises or 
any other intervention. After training was complete, 
the participants returned for a post-test FVEQ and 
completed the NSI and debriefing of the study.

Ninety-two individuals participated in the study. 
The IG included 46 participants who completed the 
EyeQ Trainer exercises and no other oculomotor 
training. The NI group included 46 healthy participants 
who were not engaged in any oculomotor training. 
Participants were between the ages of 12 and 68 years 
(M = 41.59, SD = 22.29) in the NI group. Participants 
in the IG were between the ages of 12 and 58 (M = 
35.43, SD = 22.9). There were 13 males (28%) and 33 
females (72%) in the IG. In the NI group, there were 
24 males (52%) and 22 females (48%). The sample 
size was calculated using JMP (SAS) with an alpha 
of 0.05, beta at 0.80, and an effect size of 0.6347 as 
determined from a previous study.5,19

Inclusion/Exclusion Criteria
Participants were pre-selected via the clinical 

provider database from the RightEye system if they 
met the following criteria: (1) they had pursuit eye 
movements that were in the bottom 25th percentile 
compared to age-matched controls and (2) if it 
had been less than 30 days since their last visual 
assessment. The criteria for abnormal pursuit eye 
movement was set at the bottom 25th percentile 
of the comparative analysis of the pursuit data 
from age-matched normative data.20 The providers 
were contacted to refer the eligible participants for 
the study. Those participants who were referred 
by non-eyecare professionals underwent full eye 
examinations by certified optometrists. Participants 
were excluded from the study if they reported past 
head injury, any neurological conditions, mood 
disorders, depression, post-trauma stress disorder 
(PTSD), or static best-corrected visual acuity worse 
than 20/400. Participants with glasses were tested 
with their habitual correction. If they were given new 
glasses, adequate refractive adaptation time was 
given before testing. Ocular health was determined 
by certified optometrists as part of an annual 
examination. Participants were also excluded if they 
were unable to pass a 9-point calibration sequence 
for the eye tracker.

Apparatus
Testing

Eye movement tests were presented using the 
RightEye on a Tobii I15 vision 15” monitor fitted 
with a Tobii 90 Hz remote eye tracker and a Logitech 
(model Y-R0017) wireless keyboard and mouse. 
The participants were seated in an adjustable chair. 
They sat in front of a desk in a quiet, private room. 
Participants’ heads were unconstrained. The accuracy 
of the Tobii eye tracker was 0.4⁰ within the desired 
headbox of 32 cm × 21 cm at 56 cm from the screen. 
For standardization of testing, participants were 
asked to sit in front of the eye tracking system at an 
exact measured distance of 56 cm, which is the ideal 
positioning within the headbox range of the eye 
tracker.

Oculomotor Testing Tasks: Pre- and post-tests 
were conducted using the same set of oculomotor 
tasks, collectively called Functional Vision EyeQ 
(FVEQ), for both study groups.5 These tasks included 
three smooth pursuit tests, two saccade tests, one 
fixation test, and two reaction time oculomotor 
outcome measures, all of which have high validity 
and reliability indices (Cronbach’s alpha > 0.8).5,19 

The FVEQ score is determined from a total of 54 
metrics from the tasks, which include a non-linear 
combination of saccades, pursuits, fixation, and 
reaction time. These 54 metrics were derived from 
a logistic regression model, with each weighted 
differently based on the contribution of each variable 
to the variance.20 Weights range from 0.1 to 13% 
across metrics. The higher the FVEQ score, the better 
the performance. Those participants with FVEQ 
scores less than the 25th percentile were included 
in the study. The participants were screened using 
the RightEye, and if they earned a FVEQ score on the 
RightEye that met the criteria, they were considered 
eligible for the study. 

For SPEM, the three types of pursuit tests that 
were run include a Circular Smooth Pursuit (CSP), 
a Horizontal Smooth Pursuit (HSP), and a Vertical 
Smooth Pursuit (VSP). In the CSP test, the stimulus 
moves in a circle with a radius of 10 degrees. For HSP, 
the stimulus moves horizontally across the screen, 
moving from center to far right, then to far left, and 
then back to the center. For VSP, the target moves in 
the vertical direction in a similar fashion. Participants 
were asked to “follow the dot on the screen as 
accurately as possible with your eyes.” The dot was 
0.2 degrees in diameter and moved at a speed of 25 
degrees of visual angle per second.21 The white test 



Optometry & Visual Performance 209 Volume 10  |  Issue 4  |  December 2022

stimuli were presented on a black background, and 
the stimulus duration was 20 seconds. 

The SPEM outcome measures (FVEQ score and 
latent, predictive, and on-target smooth pursuits for 
CSP) were obtained from the eye tracker. The latent 
smooth pursuit refers to the user’s eyes within a 
velocity range of the target and positioned behind the 
stimulus between 2 and 5 cm. The on-target smooth 
pursuits refer to the user’s eyes within a velocity 
range of the target, positioned on the stimulus within 
2 cm. The predictive smooth pursuit refers to the 
user’s eyes within a velocity range of the target and 
positioned ahead or in front of the stimuli between 
2 and 5 cm and reported as a percentage. These 
three oculomotor parameters for CSP were reported 
as percentages and sum up to 100%. The higher the 
percentages, the better the performance.20

The Neurobehavioral Symptom Inventory (NSI) 
is primarily used as a measure of symptom severity 
in mild TBI. It is a 22-item self-report questionnaire 
designed to assess vestibular, somatic, cognitive, 
and affective symptom severity using a Likert scale 
(ranging from 0: none to 4: very severe).22 The 
total score ranges from 0 to 88. In addition, a 23rd 
question was added to the NSI questionnaire to rate 
participants’ overall symptoms on the same scale. NSI 
is a valid and reliable tool to assess the severity of 
symptoms with a high reliability score of > 0.8.23 
Training

Training tasks were conducted on a 10.2-inch 
Apple iPad. Participants were instructed to sit at 45 
cm from the device. The device was positioned at a 
45-degree angle for ease of viewing.

Oculomotor Training using RightEye EyeQ 
trainer: Oculomotor training exercises were done 
for 5 minutes and were conducted twice per day for 
each individual participant, once in the morning and 
once in the evening, for five consecutive days, giving 
a total training period of 50 minutes. The training 
protocol assigned took participants through a series 
of exercises, including Down-gaze Central No-No, Up-
gaze Central No-No, Down Right-Diagonal Saccades 
followed by Upward Pursuit, and Down Left-Diagonal 
Saccades followed by Upward Pursuit. 

For Down-gaze Central No-No, participants were 
asked to look down at a fixed target at the bottom 
center of the screen. While keeping the eyes focused, 
they were asked to move the head slowly to the 
right, to the left, and then return to center (see 
video of Down-gaze Central No-No saccades here, 
https://vimeo.com/righteyellc/review/283538105/

baca97a69b.). For Up-gaze Central No-No, participants 
were asked to look up at a fixed target at the top 
center of the screen (https://vimeo.com/righteyellc/
review/283537934/f38fae91ea). While keeping the 
eyes focused, they were asked to move the head 
slowly to the right, to the left, and then return to 
center. 

For Down Right and Down Left-Diagonal 
Saccades followed by Upward Pursuit, participants 
were asked to follow the moving target with their 
eyes, keeping the head still. The target moved 
from the center of the screen to the bottom right 
and bottom left, respectively, in multiple small 
saccades, followed by straight up along the vertical 
margin of the screen to the center right and center 
left of the screen, respectively, in a pursuit motion 
(see video here, https://vimeo.com/righteyellc/
review/283538056/76142bbdd9). 

All participants completed the same set of 
training exercises for five consecutive days and were 
reevaluated within 7 days post-training. After each 
intervention training session, the RightEye system 
records the login information of participants and 
whether all of the training exercises were performed. 
It then provides the gaze information into a calendar. 
The system also prompts a checkbox for participants 
to confirm that the training exercises were completed 
after each session.
Data Analysis

A two-way repeated measures ANOVA was 
performed for comparing the groups (IG vs. NI) and 
time (pre- vs. post-training) on all four CSP metrics and 
the NSI score. A pairwise comparison was performed 
using simple effects post-hoc test. All analyses were 
completed using SPSS Statistics software. Also, when 
necessary, violations of the sphericity assumption 
were corrected using Greenhouse-Geisser 
adjustments of the degrees of freedom. Statistically 
significant difference was considered to be p values  
less than 0.05.

Results
An independent samples t-test of groups 

was conducted to determine whether there were 
demographic group differences. The IG and NI groups 
did not differ by age (p=0.075; IG age=35.43, SD=22.9; 
NI age=41.59, SD=22.29).1,3 In addition, using a chi-
square analysis, gender was not significantly different 
between the IG (13 males/33 females) and NI groups 
(24 males/22 females), X2 (1, N = 92) = 2.831; 0.092. 
Those participants who had glasses wore their 
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habitual correction for pre- and post-tests. Thirty-
one participants had progressive addition lenses, 
while 61 participants did not use any refractive 
correction. Table 1 presents the results for FVEQ, On-
Target Smooth Pursuit, Latent Smooth Pursuit, and 
Predictive Smooth Pursuit. Tables 2 and 3 represent 
the NSI symptoms for the IG and NI group for pre- 
and post-intervention. 
Functional Vision EyeQ Score (FVEQ)

The ANOVA results for the FVEQ score (Figure 1 
and Table 1) demonstrated no significant main effect 
for Group (p=0.344); however, there was a significant 
main effect for Time (F(1, 90) = 4.00, p=0.048, η2g=0.01) 
and a significant interaction effect between Group 

Intervention No Intervention

Pre Post Pre Post

FVEQ 
Score

53.20 
(20.11) 

60.80 
(18.74)*

53.15 
(20.40)

52.87 
(23.17)*

On-Target 
Smooth 
Pursuit (%)

59.81 
(20.13)

61.17 
(19.65)*

63.89 
(15.48)

59.12 
(18.24)*

Latent 
Smooth 
Pursuit (%)

30.84 
(13.99)

25.32 
(13.14)*

28.25 
(10.10) 

31.46 
(10.84)*

Predictive 
Smooth 
Pursuit(%)

10.29 
(5.62) 

6.80 
(5.57)*

8.65   
(4.58)

8.87 
(6.19)*

Table 1 . Mean (SD) of FVEQ and Key Measures for CSP for Each 
Group (IG/NI) and by Time (Pre-/Post-training)

Figure 1. Pre- and post-assessment Functional Vision EyeQ scores for control and intervention groups

SD- Standard deviation, FVEQ- Functional Vision EyeQ, CSP- Circular smooth pur-
suits, *significant at 0.05 probability level
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and Time (F(1, 90) = 4.65, p=0.034, η2g=0.01). A post-
hoc analysis using simple effects model revealed a 
slight decrease in the FVEQ score from pre (53.15) to 
post (52.87, p<0.05) for the NI group; however, the 
IG’s score increased by a significantly greater amount 
from pre to post (Pre FVEQ score = 53.20, post FVEQ 
score = 60.80, p<0.05). This increase in FVEQ score in 
the IG supports the efficacy of oculomotor training in 
improving eye movement parameters.

On-Target Smooth Pursuit (%)
On-Target Smooth Pursuit (Figure 2) 

demonstrated neither a significant main effect for 
Group (p=0.776) nor a significant main effect for Time 
(Pre, Post), (p=0.253); however, there was a significant 
interaction between Group and Time (F(1, 90) = 4.29, 
p=0.041, η2g=0.01). The significant interaction effect 
between Group and Time indicates that there was 
a significant change in the % of On-Target Smooth 
Pursuits between the study groups (IG and NI) and 
Time (pre- and post-training). Simple effects revealed 
a significant decrease in the On-Target Smooth Pursuit 
score for the NI group from pre (63.89) to post (59.12, 
p<0.05); however, the IG group showed an increased 
mean score for On-Target Smooth Pursuit from pre- 
to post-training (Pre: 59.81; Post: 61.17%, p<0.05).
Latent Smooth Pursuit (%)

Latent Smooth Pursuit demonstrated neither 
a significant main effect for Group (p=0.604) 
nor a significant main effect for Time (Pre, Post), 
(p=0.564) (Figure 3); however, there was a significant 
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Figure 2. Pre- and post-assessment On-Target Smooth Pursuit (%) scores for control and intervention groups 

Figure 3. Pre- and post-assessment Latent Smooth Pursuit (%) scores for control and intervention groups
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interaction effect between Group and Time (F(1, 26) 
=4.87, p=0.036, η2g=0.05). Simple effects revealed 
an increase in the mean Latent Smooth Pursuit 
(%) score for the NI group from pre (28.25) to post 
(31.46, p<0.05); however, the IG’s mean metric value 
decreased significantly from pre (30.84) to post 
(25.32), (p<0.05).

Predictive Smooth Pursuit (%)
Predictive Smooth Pursuit (Figure 4) demonstrated 

no significant main effect for Group (p=0.865); 
however, there was a significant main effect for Time 
(F(1, 94)=5.65, p=0.019, η2g=0.01) and a significant 
interaction effect between Group and Time (F(1, 94) 
=7.30, p=0.008, η2g=0.02). Simple effects revealed 
an increase in the mean predictive smooth pursuit 
score for the NI from pre (8.65) to post (8.87, p<0.05); 
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Figure 4. Pre- and post-assessment Predictive Smooth Pursuit (%) scores for control and intervention groups
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however, for the IG, mean value decreased from pre- 
(10.29) to post-training (6.80, (p<0.05)).
Neurobehavioral Symptom Inventory (NSI) 

Tables 2 and 3 show the NSI scores for the IG and 
NI groups for pre- and post-training. For the NSI, the 
results were similar for both the total score and the 
four-factor scoring approaches. Specifically, the total 
score analysis indicated a main effect for Time (F(1, 
94)=1595.28, p<0.001, ηp2=0.944) and Group (F(1, 
94)=17.22, p<0.001, ηp2=0.943), but more interesting 
was the significant interaction between Time and 
Group, (F(1, 94)=2433.82, p<0.001, ηp2=0.963). 
Similarly, the vestibular [F(1, 94)=221.96, p<0.001, 
ηp2=0.702; F(1,94)=351.632, p<0.001, ηp2=0.789], 
somatosensory [F(1,94)=898.44, p<0.001, ηp2=0.905; 
F(1,94)=1208.77, p<0.001, ηp2=0.230], cognitive [F 
(1,94)=127.89, p<0.001, ηp2=0.576; F(1,94)=106.318,  
p<0.001, ηp2=0.149], and affective factors 
[F(1,94)=103.83, p<0.001, ηp2=0.525; F(1,94)=137.49, 
p<0.001, ηp2=0.682] demonstrated significant main 
effects for Time and Group comparisons, respectively. 
In addition, there was a significant interaction 
between Group and Time for all factors: vestibular 
(p<0.001, ηp2=0.789), somatosensory (p<0.001, 
ηp2=0.912), cognitive test (p<0.001, ηp2=0.730); 
and affective (p<0.001, ηp2=0.682). Lastly, results 
for overall symptom change (Q23) before and after 
training showed a significant main effect for both 

Time (F(1,94)=52.39, p<0.001, ηp2=0.650) and Group 
(F(1,94)=20.68, p<0.001, ηp2=0.548), and a significant 
Time and Group interaction effect (F(1,94)=34.27, 
p<0.001, ηp2=0.548). There was a significant 
difference between the overall NSI scores for pre- 
and post-training for IG but not for NI groups (IG: 
Pre=53.23, Post=28.71, p<0.001; NI group: Pre=31.88, 
Post=34.46).

Discussion
The primary purpose of this study was to 

determine whether a series of oculomotor exercises 
improved the pursuit metrics of participants who had 
poor SPEM. The results revealed that the FVEQ score 
significantly improved post-training in participants 
in the IG. In addition, the significant reduction in NSI 
symptoms reveals that the improvement of ocular 
motility metrics achieved with the eye tracking 
exercises relieved subjective symptoms along with 
objective SPEM metrics.

The FVEQ score includes three types of eye 
movements: SPEM, saccades, and fixations. Each 
measure is weighted in accordance with a linear 
combination of oculomotor variables.20 A significant 
positive change in this score reveals an overall 
improvement in oculomotor behavior. The fact that 
there were no significant main effects for group or 
time for FVEQ score, on-target, latent, and predictive 
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Intervention No Intervention

Pre Post Pre Post

Dizzy 2.78 
(0.89)

1.60 
(0.68)

2.56 
(1.013)

2.56 
(1.19)

Balance 2.36 
(1.21)

0.71 
(0.77)

2.76 
(0.74)

3.16 
(0.76)

Poor coordination 3.17 
(0.60)

0.76 
(0.67)

2.2 
(0.75)

2.4 
(0.80)

Headaches 3.36 
(0.57)

1.00 
(0.63)

1.4 
(1.21)

1.58 
(1.48)

Nausea 2.63 
(0.60)

1.36 
(0.48)

1.6 
(1.37)

1.6 
(1.37)

Vision problems 3.39 
(0.49)

1.04 
(0.59)

2.42 
(1.23)

2.24 
(0.79)

Sensitivity to light 2.08 
(0.91)

3.5 
(0.50)

1.4 
(1.37)

1.2 
(1.17)

Hearing difficulties 1.71 
(0.58)

1.06 
(0.85)

0.64 
(0.82)

0.84 
(1.18)

Sensitivity to noise 1.84 
(0.69)

1.19 
(0.54)

0.8 
(0.75)

0.8 
(0.80)

Numbness 1.89 
(0.60)

1.19 
(0.61)

0.62 
(0.53)

0.62 
(0.53)

Change in taste or 
smell

1.76 
(0.87)

1.28 
(0.75)

0.62 
(0.53)

0.62 
(0.53)

Loss of appetite 2.36 
(0.48)

1.23 
(0.67)

0.64 
(0.52)

0.84 
(0.76)

Poor concentration 2.26 
(0.90)

0.63 
(0.48)

1.6 
(0.49)

1.8 
(0.40)

Forgetfulness 2.19 
(1.02)

2    
(0.89)

1.4 
(0.49)

1.4 
(0.49)

Difficulty making 
decisions

2.56 
(0.62)

1.80 
(0.65)

1.42 
(0.83)

1.42 
(0.83)

Slowed thinking 2.30 
(0.66)

1.47 
(0.98)

1.42 
(0.53)

1.8 
(0.75)

Fatigue 2.15 
(0.63)

1.58 
(0.49)

1.78 
(.73)

1.78 
(.73)

Difficulty falling 
asleep

2.84 
(0.78)

1.89 
(1.10)

2.76 
(0.98)

2.76 
(0.98)

Feeling anxious 2.21 
(0.69)

1.65 
(0.87)

1.02 
(0.14)

1.22 
(0.41)

Feeling depressed 2.10 
(0.97)

1.17 
(0.73)

0.78 
(0.73)

0.8 
(0.40)

Irritability 1.63 
(1.040)

1.06 
(0.85)

1 (0) 1.38 
(0.49)

Frustration 2.15 
(1.11)

0.86 
(0.80)

1.24 
(1.02)

1.44 
(0.83)

Intervention No Intervention

Pre Post Pre Post

Q23 Symp-
tom

2.60   
(0.61)

0.71 
(0.80)*

2.42   
(0.83)

 2.22  
(0.78)

Total Score 53.23 
(5.27)

28.71 
(5.54)*

 31.88 
(12.10)

34.46 
(11.49)

Vestibular 8.32   
(1.31)

3.08 
(1.29)*

 7.52   
(2.39)

8.12   
(2.47)

Somato-
sensory

18.39 
(1.43)

9.17 
(1.88)*

 8.66   
(6.41)

8.86   
(6.18)

Cognitive 9.32   
(1.57)

5.91 
(1.91)*

5.84   
(2.12)

6.42   
(1.90)

Affective 13.10 
(3.38)

8.23 
(2.56)*

8.58   
(2.24)

9.38   
(2.33)

Table 3 . NSI Q23, Total, and 4-Factor Mean (SD) Scores for 
Each Group (IG/NI) and by Time (Pre-/Post-Training)

SD- Standard deviation, NSI- Neurobehavioral Symptom Inventory *significant at 
0.001 probability level 

SD- Standard deviation, NSI- Neurobehavioral Symptom Inventory

Table 2 . Mean (SD) NSI itemized scores for Group (IG/NI) and 
Time (Pre/Post training)

pursuits shows that there was no difference in the 
four SPEM metrics between the groups pre-training. 
However, the significant interaction effect consistently 
observed for all metrics clearly demonstrated that 
oculomotor training resulted in a significant impact 
on improving the tracking abilities in the IG.

The efficacy of oculomotor training is further 
supported by a significant reduction in overall 
symptoms, as shown on the NSI. The mean total score 
revealed statistically significant differences for main 
effects for group and time, and more importantly, for 
the interaction of group and time. The results indicate 
that participants who engaged in the eye movement 
training had an overall reduction in symptoms as 
assessed using the 4-factor analysis. Furthermore, 
when specifically asked to rate their overall symptoms 
pre- and post-training, the results were consistent 
with the NSI total score.

The FVEQ score, total NSI score, and overall 
symptoms question (Q23) for the IG collectively 
revealed a broad improvement not only in the 
oculomotor variables but also in self-reported 
symptoms. This link between signs and symptoms 
is critical to evaluate in intervention research. In 
other words, while clinicians value the quantitative 
improvements in oculomotor function, patients value 
the resulting reduction in the symptoms that were 
adversely impacting their activities of daily living.

A secondary objective of this study was to quantify 
change in SPEM accurately and specifically using eye 
tracking. The eye-tracking technology employed 
in this study allowed for specific location recording 
of SPEM in relation to the target. Results revealed a 
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significant interaction between group and time in all 
three SPEM metrics (on-target, latent, and predictive 
pursuit %). Although no main effects were found for 
the IG, all metrics were trending in the right direction. 
Results showed a reduction in latent and predictive 
SPEM and an increase in on-target SPEM. In contrast, 
the NI group, without any intervention, showed an 
increase in poor SPEM behavior, which manifested as 
increased latent and predictive SPEM and decreased 
(4.77%) on-target SPEM. This finding was important 
in two respects. First, if no oculomotor training is 
undergone when a person has poor SPEM, they 
continue to decline. Second, if oculomotor training is 
provided, an improvement in SPEM behavior occurs.

The third objective of this study was to examine 
participants‘ neurobehavioral symptoms before 
and after oculomotor training using the NSI 
questionnaire.23 The significant main effects for group 
and time and the interaction effect between group 
and time demonstrated that the oculomotor training 
using the EyeQ trainer was effective in alleviating 
neurobehavioral symptoms. In addition to the total 
NSI score and overall symptom question (Q23), 
the analysis revealed significant differences in all 4 
factors. The first factor, classified as vestibular, consists 
of questions relating to dizziness, poor balance, and 
coordination. VOR, fixations, and pursuits are all in the 
functional class of eye movements that stabilize gaze 
and keep images steady on the retina.4 Therefore, 
lesions in brain areas associated with these eye 
movements will result in neurobehavioral symptoms 
for factor 1. Vestibular symptoms are affected by poor 
pursuits if the brain lesion is at the level of the medial 
vestibular nucleus because vestibular and pursuit 
pathways are shared. The vestibulo-ocular reflex and 
gaze stability (fixations) also affect vestibular-related 
neurobehavioral symptoms. Therefore, future research 
should specifically examine eye movement metrics 
related to vestibular symptoms when engaged in this 
eye movement training protocol.

The second factor, classified as somatosensory, 
consists of questions relating to headaches, nausea, 
vision, sensitivity to light and noise, numbness, and 
changes in taste. Results for somatosensory factors 
were also highly significant. The third factor, classified 
as cognitive, consists of questions relating to poor 
concentration, forgetfulness, difficulty making a 
decision, and slowed thinking. Results obtained 
from the NSI revealed significant main effects and 
interactions for the cognitive factor. Hence, future 
research should examine metrics related to saccades 

when engaged in this eye movement training 
protocol.  Saccades are associated with a variety 
of cognitive and somatosensory neurobehavioral 
symptoms.25 

The fourth factor, classified as affective, consists 
of questions relating to fatigue, difficulty falling 
asleep, feeling anxious, feeling depressed, irritability, 
and frustration. Results obtained from the NSI 
revealed significant main effects and interactions 
for the affective factor. Emotional lability, including 
increased frustration, impulsiveness, and quickness 
to anger, have been linked to frontal lobe areas of 
the brain that are also associated with saccadic eye 
movements. Yoshida and colleagues observed that 
eye movement training that consisted of various 
eye movements (fixations, pursuits, and binocular 
training) showed remarkable improvement in 
other eye movements (e.g., saccades).10 Hence, the 
neurological pathways for some eye movements 
overlap. The resulting neurobehavioral symptoms 
may also overlap, especially if a symptom is of a 
broad nature, such as a brain “fog.”

In conclusion, this study examined the pre- and 
post-oculomotor training scores of subjects with 
poor SPEM in relation to an eye movement training 
protocol. Results showed significant improvements 
in SPEM in the IG group, as well as a decline in SPEM 
metrics in the NI group who did not engage in 
oculomotor training. Furthermore, the NSI confirmed 
that eye movement training significantly reduced 
neurobehavioral symptoms. Future research should 
examine other eye movements in relation to this 
study’s oculomotor training regime.
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ABSTRACT

Background: A difference of >1.00 dioptre (D) is 
the widely accepted criteria for anisometropia. 
An analysis of binocular characteristics in the 
anisometropic eye revealed that the most critical 
component was axial length (AL). The purpose of 
this study was to determine the correlation between 
AL and corneal curvature in anisometropes. 

Methods: This was a prospective institution-
based observational study. One hundred subjects 
with >1 dioptre anisometropia were included. All 
of the subjects underwent a comprehensive eye 
examination followed by corneal curvature (CR) 
measurement with a manual keratometer and 
axial length measurement using the Carl Zeiss IOL 
Master 500.

Results: The mean ± SD of spherical equivalent 
refraction (SER) was 3.52±2.08 D. A positive 
correlation was found between SER and AL 
difference between both eyes (r=0.61; p=<0.001) 
and between SER and AL/CR ratio between both 
eyes (r=0.57; p=<0.001). 

Conclusions: AL is a relevant factor in 
anisometropic eye dioptric power disparities, 
with no significant relationship between CR and 
dioptric power.

Keywords: Anisometropia, corneal curvature, axial 
length

Introduction
Anisometropia is generally defined as a difference 

of one dioptre or more in the spherical equivalent 
refraction.1 It is relatively common, with an incidence 
of 4-35 %.2 The incidence is higher in adult populations 
over 40 years of age (>18%), as age-related conditions 
such as cataracts frequently cause anisometropia.1 
In children, the imbalance between the various 
refractory components (i.e., corneal curvature, 
anterior chamber depth, lens status, vitreous cavity 
length, and axial length [AL]) has been implicated 
as a cause and explored. Anisometropia in children 
has substantial implications on vision, resulting in 
decreased stereopsis and amblyopia.2 While the 
cornea mediates 2/3 of the refractive power of the eye, 
the interocular difference in AL has been suggested 
as a major factor in literature.3 Other population-
based studies highlighted an interplay between the 
corneal curvature and AL measurements as the major 
factor and that the corneal curvature by AL ratio has 
a better correlation with the refractive status.4,5 When 
considering the cause of refractive errors, it is crucial 
to remember that emmetropization is just one of 
many homeostatic or disruptive processes that affect 
eye development from conception to adulthood.6 
The refractive correction at birth and the degree of 
emmetropization that happens in the years that follow 
are the two main refractive factors by the age of six. At 
the age of six, the presence of a considerable refractive 
correction necessitates one of the following scenarios: 
an initial refractive error too large to be rectified by 
emmetropization, an initial refraction within the 
normal range but insufficient emmetropization, or 
a combination of both.7 Until the age of 12–15, the 
level of anisometropia increases in lockstep with the 
difference in refraction.7 Anisometropia is also linked 
to the magnitude of refractive correction, with the 
occurrence of anisometropia increasing as myopia, 
hyperopia, and astigmatism increase.1 During the 
process of emmetropization, anisometropia tends 
to decrease in early childhood.8,9 It was discovered 
that anisometropia appears and disappears during 
the emmetropization process, with a low risk of 
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amblyopia.10 The process of emmetropization is 
generally completed during this age of early life. The 
development of myopia in older children is linked to 
the later development of increasing anisometropia.1,11 
This shows that the majority of persistent hyperopia 
is caused by an initial failure of emmetropisation, 
while myopia is caused by a failure to sustain 
emmetropia.6 Therefore, the aim of this study was to 
determine relationship of AL and corneal curvature 
in anisometropes, ages 6-16, attending the paediatric 
outpatient department of a tertiary eye care hospital.

Methods 
This was a prospective, hospital-based 

observational study. The study was approved by the  
Institutional Review Board and adhered to the tenets 
of the Declaration of Helsinki. Informed consent from 
the parents of all of the participants was taken as per 
Indian Council of Medical Research (ICMR) ethical 
guidelines for biomedical research on human subjects. 
One hundred subjects, age 6-16 and diagnosed with 
>1 dioptre of anisometropia, were included. Subjects 
with any other ocular pathology, a history of ocular 
surgery or trauma, or manifest squint were excluded 
from the study.

Every subject underwent a comprehensive 
ophthalmic evaluation, which consisted of:

 •Documentation of best-corrected visual acuity 
(BCVA) for distance and near

 •Measurement of ocular motility
 •Measurement of refractive correction using 

retinoscopy, both before dilation (dry refraction) 
and after dilation (cycloplegic refraction) using 
cyclopentolate hydrochloride 1% 

 •Measurement of intraocular pressure (IOP) using 
non-contact tonometry  

 •Dilated fundus examination using indirect 
ophthalmoscopy 

 •Measurement of AL using optical biometry 
technique based on the dual laser beam partial 
coherence interferometry principle (Carl Zeiss 
IOL Master 500). The subject was asked to fixate 

at the inner fixation target of the instrument, 
readings were noted three times, and their mean 
values were calculated.

 •Measurement of corneal curvature (CR) using 
manual keratometer

Results
Among the 100 subjects in the study, 61 were 

males. The mean age was 11±3 years [range: 6-16]. 
The mean ± SD of the SER was 3.52±2.08 D (Table 1), 
with all of the subjects being myopic anisometropic 
in nature. A positive correlation was found between 
SER and AL difference between both eyes (Figure 1: 
r=0.61; p<0.001) and between SER and AL/CR ratio 
between both eyes (Figure 3, r=0.57; p<0.001). 

Discussion
Anisometropia is a condition in which there 

is a significant discrepancy in the refractive status 
between the two eyes.12,14 A previously conducted 
study indicated that the AL was a substantial factor 
in anisometropia, as well as parameters such as CR, 
anterior chamber depth, corneal power, and lens 
power.12 The current study indicates a moderate 
positive correlation between anisometropia and 
AL. A positive correlation is further shown between 
anisometropia and AL/CR ratio. However, the findings 
showed no correlation between anisometropia and 
corneal power.

In accordance with the current study, previous 
studies have also shown a positive correlation 
between the difference in the spherical equivalent 
and AL. Anisometropic myopia occurs as a result of 
faster myopic progression of one eye compared to the 
fellow eye (i.e., longer AL in the more myopic eye).13 A 
significant difference in AL between eyes of the same 
subject implies axial elongation as a vital factor in 
the development of myopic anisometropia; breaking 
down the association of CR changes and crystalline 
lens thickness in anisometropic development as 
insignificant.14 Moreover, Khanal and Kandel assessed 
ocular parameters in anisometropic amblyopes 
and found that anisomyopic amblyopic eyes had 
longer ALs than fellow eyes, whereas anisohyperopic 
amblyopes had shorter ALs; thus, AL was the major 
factor influencing the spherical refractive errors.15 

These reports correlate with the findings of the 
current study. We established a moderate correlation 
with changes between-eye difference in AL and 
changes between-eye difference in SER, similar to the 
study by Tong et al.16 This confirms the axial nature 

Mean ± SD [Range]

Spherical equivalent differ-
ence

3.52 ± 2.08 [1.00-8.88]

Axial length difference 1.59 ± 1.38 [0.05-6.29]

Mean k difference 0.15 ± 0.42 [0-2.93]

AL/CR difference 0.25 ± 0.27 [0.01-1.97]

Table 1 . Mean ± SD of All Variables 
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Figure 1. Correlation between SER and difference in axial length between the two eyes

Figure 2. Correlation between SER and difference in mean K between the two eyes
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of anisometropia in a younger group yet again. 
Interocular changes in ocular components other 
than AL, such as CR, lens, or anterior chamber depth, 
may also contribute to anisometropia, although this 
correlation is not substantial.

The results by Zeng et al. are in line with the 
current results, suggesting a positive correlation 
between anisometropia and AL/CR ratio.2 They 
suggested that with axial growth, there is a degree 
of corneal compensating effect (increased radius 
of curvature resulting in flattened cornea) in order 
to establish binocular equilibrium.2 Anisometropia 
may result due to corneal changes and unbalanced 
axis (irregular astigmatism) in the event of corneal 
compensation outside of normal emmetropization 
ranges. These results are on par with previous studies 
that suggest that the AL/CR ratio is the best indicator 
of emmetropization. The AL/CR ratio could be used as 
an observational indicator to monitor anisometropia 
and its progression due to the effect it has on 
refractive errors. Similar to the current study, Zeng et 
al. found minimal impact of corneal refractive power 
on the degree of anisometropia.2 However, Khandal 
and Kandel found the corneal curvature to be a 

significant factor responsible for aniso-astigmatic 
amblyopia.15

Although various research studies have been 
undertaken to investigate the association between 
myopia and CR, there have been few that have focused 
on cases of anisometropia.17,18 Chang et al. observed 
that as the eyeball elongates in myopia progression, 
the CR becomes flatter, but the spherical equivalent 
does not correlate with CR.17 In high anisometropic 
patients, we obtained similar results: the anterior 
corneal surface was flatter in eyes with longer AL, but 
there was no difference in CR between the two eyes.

Conclusion 
Axial length an important component in dioptric 

power differences in anisometropic eyes, with no 
significant correlation between CR and dioptric 
power.
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ABSTRACT

Background: Vision impairment, whether sudden 
or gradual, can make it difficult for patients to 
perform activities of daily living (ADLs). Advances 
in technology have benefited patients with a range 
of disabilities. The use of assistive technology 
in low vision has provided additional devices, 
programs, and resources to help visually impaired 
patients perform ADLs, gain independence, and 
improve quality of life. 

Case Report: A 75-year-old male with advanced 
glaucoma presented to the Low Vision Clinic with 
a chief complaint of difficulty reading his Bible. 
He also reported distance vision blur. Assistive 
technology low vision devices, which provided 
magnification and contrast enhancement, helped 
him to reach his visual goals.

Conclusion: Assistive technology low vision 
devices can help patients to achieve their visual 
needs and goals when traditional hand and 
stand magnifiers do not bring these patients to 

Introduction
Assistive technology is defined by the Assistive 

Technology Industry Association as “...products, 
equipment, and systems that enhance learning, 
working, and daily living for persons with disabilities.”1 
Patients with vision, hearing, or physical impairment 
can benefit from using assistive technology because it 
allows them to continue to live active and productive 
lives using advances in technological devices. 
Regarding vision impairment, these devices can help 
patients remain independent and achieve their visual 
goals, which may include reading smaller print, using 
a computer more efficiently, using their smartphones 
to communicate with others, and traveling more 
independently. Certain devices and programs can 
improve a patient’s ability to perform activities of daily 
living (ADLs) such as cooking, completing household 
chores, watching television, reading, shopping, and 
grooming themselves. Assistive technology may 
involve the use of electronic magnifiers, software and 
computer programs, built-in accessibility tools and 
applications on smartphones and computers, smart 
home devices, wearable and head-mounted devices, 
and mobility aids.2 

Categories of Assistive Technology
Electronic Magnifiers 

Electronic magnifiers, also called closed-circuit 
televisions (CCTVs), are devices used for reading. 
Their main features include different powers of 
magnification, an illumination source, and different 
color and contrast modes, including enhancement 
and inversion. Enhanced-contrast mode allows the 
patient to view material as dark bold print on a white 
background and would be most useful when reading 
material with poorer contrast such as newspaper 
print. Reverse (or inverted) contrast allows the user 
to view their reading material as white print on a 
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black background. Different models may have other 
color combinations, including yellow print on a blue 
background or yellow print on a black background. 
Typically, patients who would benefit from using 
an electronic magnifier require high powers of 
magnification, have reduced contrast sensitivity, may 
be sensitive to glare, and may have limited dexterity 
such that they have difficulty holding either other 
types of devices or their reading material. There is 
also “frame-freeze” capability that allows the user to 
capture an image and further magnify that section of 
reading material.2,3

Electronic magnifiers are available in different 
models and are typically classified by their level 
of portability and screen size. Portable electronic 
magnifiers typically have smaller screen sizes, 
ranging from 3 inches to 13 inches, and therefore 
can easily be used in many different settings. Laptop-
compatible electronic magnifiers make use of a 
camera attached to a stand that can be connected 
to a laptop computer and display the image on 
the screen. Desktop electronic magnifiers include a 
camera connected to an even larger monitor, ranging 
from 16 inches to 24 inches, making them less 
travel-friendly.2,3 All of these devices allow for higher 
amounts of magnification while still maintaining a 
large field of view, with desktop magnifiers allowing 
the largest field of view. With a larger field of view, 
desktop electronic magnifiers allow a patient to 
achieve faster reading and writing rates.4,5

Software and Computer Programs 
Using a computer can be difficult for low vision 

patients. They may not be able to see the text, images, 
or icons on the screen; the pointer or mouse cursor 
may be difficult to see because of its size or color; and 
the contrast between foreground and background 
material on the screen may not be sufficient for 
some users. There are different software programs 
available that can help low vision patients use a 
computer more effectively and efficiently. ZoomText 
(Vispero, Clearwater FL) is a magnification program 
that allows the patient to enlarge everything on a 
computer screen, including words, images, and icons. 
In addition, the program includes options to invert or 
change the color scheme on the screen and to enhance 
the size and color of the mouse or cursor to make it 
more easily visible. Certain computer programs can 
be used by blind individuals, including Job Access 
with Speech (JAWS) (Vispero, Clearwater FL), which is 
a screen-reader program that will read the text that 
is displayed on the screen and allows the user to rely 

more on audio cues rather than visual, especially for 
lengthy emails or documents. The patient can control 
the program using keyboard commands on a braille 
keyboard instead of having to navigate a screen with 
a pointer or cursor. Non-Visual Desktop Access (NVDA) 
is another screen-reader program that is free and can 
be easily accessed through their website.6 Some of 
the computer programs include free trials, but once 
the trial expires, users must either purchase a yearly 
subscription or purchase the software program in full 
to use it indefinitely.2,3

Built-in Accessibility Tools 
Smartphones, tablet computers, laptop 

computers, and desktop computers are widely used 
with ease in the general population for work and 
leisure, but it may be difficult for low vision patients 
to access the many different functions and use them 
to their fullest extent. Some low vision patients 
already own one or more of these devices but are 
unaware of the built-in accessibility tools that allow 
more efficient use. General categories of built-in 
accessibility tools for Microsoft Windows (Microsoft, 
Redmond WA), Apple (Cupertino CA), and Android 
(Google, Mountain View CA) devices include text-to-
speech, enlargement of text, color filters and color 
inversion, zoom function, and magnifier.2,3 Text-to-
speech allows a user to convert text on their phone 
to an audio format using a voice synthesizer that will 
read out loud what is on the screen at any given time. 
Enlarging text allows the patient to magnify the text 
on the screen. Certain smartphones include color 
filters and color inversion options similar to those 
built into electronic magnifiers. Zoom functions 
allow the user to increase screen magnification when 
needed, while built-in magnifiers use the phone’s 
camera to magnify printed materials or other objects. 
Smartphone Applications 

There are numerous smartphone applications 
(apps) available that can help increase a low vision 
patient’s independence by helping them perform 
ADLs. Certain apps assist with everyday tasks, 
including color, money, and product identification, 
while others assist with navigation. There are also 
apps that convert text or print to speech. Before these 
apps were created, patients needed to purchase 
separate devices to complete these tasks. Some apps 
are free, while others must be purchased. 

Color-identification apps allow users to hold up the 
camera lens of the smartphone in front of an object, 
and the app will recognize and say aloud the color of 
the object. Money-identifying apps work by holding 
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a bill in front of the camera lens of the smartphone, 
and the app will say aloud the denomination of the 
money that the patient is holding. Product-identifier 
apps may use barcode readers or take a picture of 
the object to identify it aloud. Certain apps allow an 
entire scene to be captured and describe in detail 
the area of interest. Global Positioning System (GPS) 
apps are designed to assist visually impaired users 
in navigation by providing detailed directions to the 
destination while they travel. For example, the GPS 
apps may be customized to announce street names, 
intersections, and nearby points of interest. There are 
numerous text-to-speech apps available that typically 
include features to control the playback of speech 
and are available in multiple languages.2,3

Smart Home Devices
Smart home devices are hands-free devices that 

are solely voice controlled and can be connected to 
other household products. These devices may benefit 
low vision patients since they only require the patient 
to speak or to say a certain command in order to 
complete certain tasks. Common smart home devices 
are supported by Amazon Alexa (Amazon, Seattle WA) 
and Google Assistant (Google, Mountain View CA), 
which incorporate the use of Amazon Echo products 
(Amazon, Seattle WA) and Google Home (Google, 
Mountain View CA). Through voice activation, these 
devices allow patients to perform tasks such as setting 
reminders and timers, checking the weather, and 
playing music. These devices can also be connected 
to other smart home products, which can then be 
turned on or off and manipulated through voice 
control. Examples of smart home products available 
include lightbulbs, thermostats, certain kitchen 
appliances, televisions, and vacuums. Smart home 
devices typically require additional subscriptions 
and a Wi-Fi network, as well as additional set-up to 
connect and to sync the devices.  
wearable and Head-Mounted Devices

Certain wearable and head-mounted devices 
allow patients to complete everyday tasks more 
effectively by including a number of built-in 
functions all in one device, while providing additional 
magnification and different color and contrast modes. 
The base unit of the device can vary. The OrCam My 
Eye (OrCam, Jerusalem Israel) is a spectacle-mounted 
unit. The IrisVision (IrisVision Global, Pleasanton CA) 
and CyberEyez (Cyber Timez, Arlington VA) use a 
virtual reality headset. Aira (Aira Tech Corp, San Diego 
CA) includes smart glasses with a camera. The eSight 
(eSight Corp, Toronto Canada) is a head-mounted 

device referred to by the company as electronic 
eyewear. The devices listed are only a few examples 
of the wearable devices that are currently available on 
the market. The OrCam My Eye features include text-
to-speech, color and money identification, a barcode 
reader, and face recognition. IrisVision, CyberEyez, 
and eSight use a camera mounted on the front of the 
device that displays the image to the user. The low 
vision patient is then able to magnify what they are 
viewing, whether it is reading material or streamed 
content on the device. With Aira, the user is connected 
to a highly trained agent through a live call so that 
the agent can view the user’s environment through 
the camera mounted on the smart glasses. The agent 
can then provide guidance to the visually impaired 
patient as needed, such as navigating through an 
airport or assisting in reading product labels at a 
grocery store.3

Mobility Aids and Devices 
Many of the mobility aids and devices for low vision 

patients involve the use of ultrasonic technology. In 
some cases, these aids are used in conjunction with a 
mobility cane, so that obstacles are detected not only 
below waist level and on the ground, but also at the 
level of the head and torso. Mobility aids and devices 
that incorporate this technology include the WeWalk 
Smart Cane (Young Guru Academy, London, United 
Kingdom), the iMerciv Buzz Clip (iMerciv, Inc., Toronto 
Canada), and the Sunu Band (Sunu, Inc., Boston MA). 
The WeWalk Smart Cane is a mobility cane with an 
adapted handle that will vibrate when an obstacle 
located above the waist is detected. The iMerciv Buzz 
Clip is typically worn clipped to the user’s shirt. The 
Sunu Band is worn around the patient’s wrist. Both 
of these devices will also vibrate to warn the patient 
of obstacles that could potentially cause serious head 
injuries.2,3

Case Report
History

A 75-year-old African American male presented to 
the Low Vision Clinic with reduced vision secondary 
to advanced primary open-angle glaucoma in both 
eyes, which was diagnosed by another eye care 
provider. He reported currently taking latanoprost 
once per day at bedtime in the left eye and 
dorzolamide-timolol twice per day in the left eye. 
He reported past ocular surgical history of cataract 
extraction in the left eye, followed by the right eye. 
The right eye cataract extraction was combined 
with glaucoma surgery to implant an Ahmed valve 
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(New World Medical, Inc., Rancho Cucamonga CA). 
The patient reported that he lost vision in the right 
eye following the glaucoma surgery, with possible 
etiologies of vision loss including hypotony versus 
another iatrogenic complication. 

The patient’s chief complaint was difficulty reading 
his Bible. He had additional complaints of distance 
vision blur, difficulty seeing and recognizing faces, 
and difficulty telling colors apart. The patient’s adult 
daughter presented with him to the examination and 
expressed concerns related to the patient’s vision, 
including difficulty cooking for himself, picking up 
food with utensils, and keeping his food on the plate 
during meals. She was concerned that it was no longer 
safe for him to continue to live alone in his home and 
had arranged for him to move into an assisted-living 
facility. The patient expressed that he could not read 
for extended periods of time without experiencing 
discomfort and frustration. The patient had a pair of 
bifocal glasses that were 10 years old, and he reported 
that he could not read mail, handwritten material, 
or price labels with these glasses. He reported that 
there was no significant improvement in distance 
vision while wearing his current glasses compared to 
viewing without correction, but he was aware that he 
needed to wear the glasses regularly for protection. 

The patient and his daughter reported that he 
had already been registered as legally blind with 
the state agency for the blind, and they reported 
other agency connections, but he was not currently 
receiving services and denied prior use of low vision 
devices. 
Examination Findings

Distance acuity was taken without correction due 
to the patient’s report of no improvement with his 
current glasses. Uncorrected distance acuity, taken 
with the ETDRS chart, was hand motion in the right 
eye, 2/5M (20/50) in the left eye, and 2/5M (20/50) 
with both eyes. His uncorrected entering near acuity 
in the left eye was 20 point print at 27 cm using the 
Lighthouse “Game” near card. Confrontation visual 
field testing was attempted using the count fingers 
method, but due to the patient not being able to see 
the fingers and a lack of understanding of the test, 
kinetic red testing was used instead. The patient had 
constricted visual fields in all quadrants in his left eye. 
His extraocular muscle movements were grossly full, 
with limited patient understanding. Retinoscopy was 
attempted but could not be performed due to dim 
reflexes that were observed in both eyes. A trial frame 
refraction was performed. The patient’s subjective 

refraction was +0.50 sphere in the right eye and plano 
in the left eye, with no improvement in acuity in either 
eye. His predicted near add using the Lighthouse 
predicted add card was +3 D. Using Mars contrast 
sensitivity testing (Precision Vision, Woodstock IL), the 
patient had severe contrast sensitivity loss. To further 
quantify his remaining visual field, kinetic Goldmann 
perimetry was performed on his left eye using a III4e 
stimulus and revealed that the patient had severe 
constriction in all quadrants, with his widest field 
measured to be approximately 7 degrees temporally.

A variety of near add powers were trialed to 
help the patient reach his goal of reading his Bible. 
Given this extended reading task, a goal of 5 point 
print or better was set for near, which would allow 
at least two lines of acuity reserve. The add trials 
began with +3 D, the predicted add. With a +3 D add 
over the left eye, near acuity was measured to be 8 
point print at 33 cm using the Lighthouse single-line 
continuous-text card. The patient had a slow reading 
speed with this add power. With a +4 D add over the 
left eye, the patient could read 6.4 point print at 22 
cm with a slight improvement in reading speed and 
reported that he was more comfortable with this 
power and working distance compared to the +3 D 
add. A +5 D add was trialed over the left eye to see 
if there was additional improvement in near acuity, 
but there was not. Next, a 2x dome magnifier was 
trialed in combination with the +4 D add, but this 
also did not result in an improvement in near acuity 
or reading speed. The patient reported no subjective 
improvement with this combination versus the +4 D 
add alone. 

The Ruby portable electronic magnifier (Vispero, 
Clearwater FL) with a 4.3” screen was trialed with a +3 
D add over his left eye, using 6x magnification and 
yellow print on a black background. With this device, 
he achieved a near acuity of 3.2 point print at 40 cm 
using continuous text, which reached the goal set 
of 5 point print or better. The patient did not notice 
a significant difference in vision and visual comfort 
without the +3 D over his left eye. Another portable 
electronic magnifier, the SmartLux (Eschenbach 
Optik, Danbury CT), with a 5” screen was trialed 
without an add power over his left eye, using 8x 
magnification and the same color contrast setting of 
yellow print on a black background, and the patient 
also achieved near acuity of 3.2 point print at 40 cm, 
which also reached goal acuity. The patient preferred 
the SmartLux due to the larger screen size. Table 1 
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illustrates and summarizes the low vision devices 
trialed and recommended for this patient. 

The patient reported difficulties seeing his 
smartphone, including seeing the number keypad to 
make phone calls and seeing his emails. The built-in 
accessibility tools on the patient’s current Android 
smartphone were demonstrated to the patient, 

mainly focusing on the ability to enlarge the text on 
his screen. Unfortunately, a reverse-contrast setting 
was not available on his current model of smartphone. 

An ocular health evaluation was performed. His 
pupils were equal, round, and minimally reactive 
to light, and a right afferent pupillary defect was 
observed. Anterior segment evaluation revealed 
mild Meibomian gland dysfunction in both eyes, 
mild to moderate superficial punctate keratitis in 
both eyes, and areas of iris atrophy in his right eye. 
His intraocular pressures were 12 mmHg in the right 
eye and 12 mmHg in the left eye at 11:53 AM using 
Goldmann Applanation Tonometry. An undilated 
view using a 90 D lens was attempted but was 
unobtainable secondary to miotic pupils. A dilated 
fundus examination was not performed as the patient 
deferred this examination to his glaucoma specialist. 
A copy of the record from his last dilated fundus 
exam was obtained from his glaucoma specialist, 
which reported a cup-to-disc ratio of 0.90 in the right 
eye and a cup-to-disc ratio of 0.95 in the left eye. 

At the conclusion of the exam, the final 
recommendations were made and discussed with the 
patient. The SmartLux portable electronic magnifier 
was recommended to read small print, including 
the Bible. A plate bumper/guard was recommended 
to prevent food from spilling off his plate during 
meals. Occupational therapy to work on basic ADL 
skills related to eating was also recommended. As 
the patient was already in an assisted-living facility, 
a letter was given to facilitate this referral via his 
primary care doctor. Plano-powered glasses made of 
polycarbonate material were prescribed for protection 
since the patient was functionally monocular. Lastly, 
the patient was instructed to continue care with his 
glaucoma provider as directed.  

Discussion 
The use of assistive technology in low vision has 

led to a wider range of options for patients to help 
them achieve their visual needs and goals. When 
traditional low vision devices such as glasses or hand 
and stand magnifiers no longer allow patients to 
achieve the desired level of acuity or to complete ADLs, 
assistive technology devices can be recommended as 
an alternative management option.7 

In this case report, the patient reported that 
he had difficulty reading small print, specifically his 
Bible. Assistive technology was used to help him 
achieve his reading goal with the use of a portable 
electronic magnifier. Prior to demonstrating the 

Low Vision Device Purpose of Device and Visual 
Acuity Achieved

+4 D reading glasses (trialed) Hands-free device for extend-
ed reading

Near acuity achieved: 6.4 point 
print

2x dome magnifier (trialed) Stand magnifier for extended/
prolonged reading

Near acuity achieved: 6.4 point 
print

Ruby Portable Electronic 
Magnifier with a 4.3” screen 
(trialed)

Provides a more comfort-
able working distance with a 
reverse-contrast setting for 
prolonged near work

Near acuity achieved: 3.2 
point print at a 40 cm working 
distance

SmartLux Portable Electronic 
Magnifier with a 5” screen 
(recommended)

Provides a more comfort-
able working distance with a 
reverse-contrast setting and 
larger field of view for pro-
longed near work

Near acuity achieved: 3.2 
point print at a 40 cm working 
distance

The patient preferred the por-
table electronic magnifier with 
the larger screen size.

Table 1 . Low Vision Devices Trialed and Recommended, 
Purpose of Device, and Visual Acuity Achieved 



Optometry & Visual Performance 226 Volume 10  |  Issue 4  |  December 2022

portable electronic magnifier, glasses and a dome 
magnifier, which are examples of traditional low 
vision devices, were trialed to determine whether 
magnification provided by spectacles and a stand 
magnifier would help him read smaller print. When 
a 2x dome magnifier was used together with +4 D 
reading glasses, there was no objective improvement 
in measured near visual acuity and no improvement 
in reading speed compared to the use of glasses 
alone. This demonstrated that magnification alone 
was not sufficient in helping the patient reach his 
goal, and there was another barrier, likely the patient’s 
severe contrast sensitivity loss, that was preventing 
him from achieving an adequate level of acuity and 
reading speed.

When a portable electronic magnifier was trialed, 
he was able to fluently read 3.2 point print using 
continuous text, with the use of 6x magnification, 
a larger field of view, and yellow text on a black 
background. With traditional stand magnifiers, as 
the power of the device increases, the field of view 
decreases.2 With this device, he was able to achieve 6x 
magnification with a larger field of view compared to 
6x magnification with a traditional stand magnifier. In 
addition, he appreciated an even larger field of view 
using the SmartLux portable electronic magnifier 
with a 5” screen compared to the Ruby portable 
electronic magnifier, which has a smaller screen size 
of 4.3”. The larger screen size allowed the patient to 
view more letters on the screen at a time and resulted 
in an increase in reading speed.3

In addition, choosing a portable electronic 
magnifier benefited the patient because he was 
able to change the color settings to yellow print on 
a black background. The reverse contrast setting 
allowed the patient to overcome the barrier of severe 
contrast sensitivity loss and improved the patient’s 
acuity and reading rate. In addition, the patient’s 
preferred contrast setting also reduced the amount of 
glare from the device and improved patient comfort 
because a white background causes more glare than 
a black background. These contrast and color settings 
cannot be changed on traditional magnifiers without 
changing the color and contrast of the reading 
material itself, but are quickly accessible on electronic 
magnifiers. 

Although smartphone apps were not 
demonstrated to the patient in this case, studies 
have shown the advantages of smartphones and 
applications to increase independence and activities 
of daily living for low vision patients. With additional 

training, smart phones have allowed visually impaired 
patients to manage leisure and communication 
independently by allowing them to make phone calls, 
listen to songs, hear weather updates and search 
food recipes on their own.8,9 Smartphone apps have 
also allowed patients to be independent in dressing 
and grooming themselves.10

Although the patient did not specifically report 
difficulty ambulating independently, it is likely the 
patient would also have mobility related complaints 
due to his severely constricted visual field in his 
only functionally seeing left eye. Activities including 
crossing the street and managing stairs and curbs 
may be troublesome, and the patient may complain of 
bumping into objects or other people. With patients 
who report difficulties traveling independently or are 
at risk of falling due to their vision loss, a referral to 
a local agency for orientation and mobility training 
with a certified specialist can be made. Because this 
patient was already in an assisted living facility, being 
able to travel independently was not necessarily a 
main goal of his.

The goals of orientation and mobility training for 
visually impaired people include compensating for 
reduced visual information, increasing patient safety, 
and improving their level of independence.14 More-
common mobility aids and devices include mobility 
canes to detect obstacles below the waist and other 
wearable mobility devices to detect obstacles above 
the waist. With advances in low vision assistive 
technology, smart mobility canes like the WeWalk 
Smart Cane (Young Guru Academy, London, United 
Kingdom) uses ultrasound technology to alert users 
to nearby obstacles. In addition, it allows users to 
connect their mobility cane to a smart phone app to 
provide additional navigational tools. 

Other mobility devices like the iMerciv Buzz Clip 
(iMerciv Inc., Toronto Canada) and the Sunu Band 
(Sunu, Inc., Boston MA) use assistive technology 
to detect obstacles above the waist. These devices 
are either clipped onto the user’s clothing or worn 
around their wrist and use similar ultrasound 
technology to detect nearby obstacles and alert the 
user. When these mobility aids and devices are used 
in combination, patient safety, independence, and 
quality of life can be enhanced. 

When prescribing assistive technology to low 
vision patients, there are many factors that may 
influence and determine how successful a patient 
is with the recommended device or program and 
that should be considered. These include proper 
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patient selection, patient expectations, training, and 
cost factors. To ensure proper patient selection, the 
patient’s visual goals and needs should be carefully 
explored.3 It is essential that patients prioritize their 
goals if they have many to discuss with their doctor, 
and the goals should be as specific as possible. 
For example, when a low vision patient reports a 
goal of reading small print, further questioning on 
what kind of print (digital versus non-digital) and 
the source of reading material (books, magazines, 
newspaper, price labels, etc.) should be asked to 
create a more specific goal. In this case report, the 
patient specifically mentioned he would like to be 
able to read his Bible. The patient’s familiarity and 
experience with technology can be considered 
when recommending assistive technology. At least 
some experience may be beneficial in learning how 
to use such devices. Although it wasn’t apparent 
that this patient had much experience with using 
technology, he had a family member who was also 
present at his evaluations, as well as other relatives 
who were more than willing to assist him with using 
the recommended portable electronic magnifier and 
built-in accessibility tools on his Android phone as 
needed. Motivation to use a certain device, even if 
there is a lack of experience with technology, is a very 
important factor to determine whether a patient will 
be successful, because a motivated patient is likely to 
put the effort into the learning and training aspects 
in order to achieve their visual goals. 

Realistic patient expectations need to be set when 
recommending assistive technology devices during 
low vision evaluations.3 A patient may hear and learn 
about different devices from websites, television 
shows, social media, and peers. Advertisements 
tend to show the product in a very positive manner, 
which may lead a patient to believe that a device 
may significantly improve their vision. It is essential 
that patients are educated as to whether a specific 
product is or is not appropriate to help them achieve 
their visual goal and why. For this case, realistic 
expectations were discussed by educating the patient 
that the portable electronic magnifier would be an 
appropriate device for him to read small print but that 
there might be a learning curve in learning how to 
use the device efficiently. The patient was educated 
that he should not expect to be able to read fluently 
for long periods of time when first introduced to the 
device. He would need to practice using his portable 
electronic magnifier frequently to become proficient 

while using it to read. He acknowledged what was 
said to him and was motivated to order the device.   

Device training is an important component to 
ensure that a device is used effectively.3 The provider 
should estimate and educate the patient regarding 
how many training sessions may be needed to 
become proficient with the use of the recommended 
device(s), although the number of sessions may 
depend on several different factors. Multiple sessions 
may be required if the recommended device is more 
complex or if a patient has trouble demonstrating 
independent use of the device. Other considerations 
with patient training include determining who will 
take on the role of training. The provider or a trained 
staff member/technician may conduct the training in-
office, but the patient will also need to practice using 
the device at home. With certain products, company 
representatives may complete the training as part 
of purchasing the device. Proper training can help 
reduce the abandonment of devices, especially ones 
that are costly. This results in less patient frustration 
and improved quality of life from using the device 
when in-office and home training are completed 
versus a low vision device dispense without any 
additional training.11

Although many assistive technology products 
and programs are costly, the price of a device should 
not completely steer the direction of the exam.3 Low 
vision patients benefit from trial of a range of options. 
For example, in this case, the patient was unable 
to reach his goal acuity with increasing powers of 
spectacles and a dome magnifier. To demonstrate a 
range of options, trial of a portable electronic with 
yellow print on a black background diagnostically 
revealed his severe contrast sensitivity loss as a barrier 
to him achieving his goal acuity. It was only after the 
successful trial of the portable electronic magnifier 
that the cost of the device was discussed. In certain 
instances, lower-cost options can be considered, 
including older models of a device or refurbished 
instruments. Some companies have introduced other 
financing options and payment plans to lessen the 
burden on the individual. Because some devices 
may fall into the price range of thousands of dollars, 
traditional low vision devices may end up being the 
recommended choice due to lower cost, as long 
as the patient is able to achieve goal acuity.7,12 The 
patient in this case report was educated regarding a 
fee reduction program available through a non-profit 
organization.  
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There are obstacles that may prevent the use 
of assistive technology amongst the low vision 
population. One limitation is that many patients 
who may benefit from the devices and programs 
are unaware of their availability. In one study, clients 
of the Utah State Library for the Blind and Disabled 
were surveyed to determine who would be interested 
in using assistive technology in the library, the level 
of awareness of available services, and factors that 
would promote their use. The survey revealed that less 
than one quarter of their users were aware that this 
technology was available for them to use. Users who 
were aware of the benefits of assistive technology were 
more inclined to use it. Other factors that increased a 
client’s willingness to use assistive technology at the 
library included current use of other services at the 
library; access to a computer at work, school, or other 
locations; proximity to the library; and the user’s 
age. Specifically, a larger number of younger people 
compared to older people reported that they would 
use the technology if it were available.13

Conclusion
The use of assistive technology in low vision 

has created additional management options to help  
visually impaired patients achieve their personal 
visual goals and perform ADLs independently. 

Proper patient selection, setting realistic 
expectations, and providing or facilitating 
training will all contribute to the successful use of 
recommended devices and programs. Cost factors 
should be considered when appropriate but should 
not preclude demonstration of assistive technology 
options. 

Visually impaired patients are likely unaware of 
the many assistive technology devices, tools, and 
resources available to them. The eye care provider 
does not need to be a low vision provider in order 
to recommend certain devices and tools discussed, 
such as built-in accessibility functions and apps for 
smartphones. Eye care providers should consider 
referral to low vision rehabilitation services if they are 
not able to provide such services themselves. These 
services will help visually impaired patients be more 
independent and have improved quality of life. 
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Tang, OD at  leannza.tang@mountsinai.org. All statements are 
the authors’ personal opinions and may not reflect the opinions 
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authors may be affiliated. Permission to use reprints of this article 
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ABSTRACT

Background: Improving adherence to glaucoma 
management requires thorough and accurate 
patient education. Patient education can take many 
forms. This study informs on the effect simulation 
goggles may have on the understanding of how 
glaucomatous visual loss can impact many tasks. 
Effective methods to increase patient adherence 
to glaucoma management will reduce vision 
loss. The aim of this study was to use simulation 
goggles to demonstrate glaucomatous vision loss 
and to show the impact on the subjects’ short-
term intentions for glaucoma compliance.

Methods: Twenty-six subjects aged 50-70 with 
glaucoma participated. Each subject wore goggles 
that simulated glaucomatous vision loss while 
performing everyday tasks. Prior to simulation 
goggle intervention, all subjects completed 
the Glaucoma Activity Limitation (GAL-9) 
questionnaire and answered questions regarding 
baseline knowledge of glaucoma visual impact. 
These questions were repeated following the 
intervention.

Results: There was a statistically significant increase 
in mean GAL-9 score with simulator goggles 
(29.81±5.3) compared to baseline (15.04±5.2). 
When asked to respond to glaucoma knowledge 
questions, correct answers regarding peripheral 
vision loss increased by 30.8%, blurry vision 
increased by 26.9%, and loss of contrast sensitivity 

increased by 34.6%. After the intervention, the 
percentage of subjects who responded that they 
now understood glaucoma well increased by 
26.9%, and 100% of subjects reported that the 
activity increased their awareness of potential 
vision loss due to untreated glaucoma.

Conclusion: This study demonstrates that this 
level of vision loss simulated in the goggles can 
properly impact visual function. This study also 
demonstrates that experiential knowledge gained 
through vision simulation goggles has the potential 
to increase knowledge about glaucoma, as well as 
potential intention for short-term compliance with 
glaucoma management. 

Keywords: adherence, education, glaucoma, 
simulation, understanding, vision loss 

Introduction
Worldwide, it is expected that over 111 million 

people will have glaucoma by 2040.1 The personal 
negative impact of vision loss from glaucoma is 
significant. Glaucoma is associated with decreased 
quality of life,2 increased depression,3 fear of falling,4 
decreased physical activity,5 difficulties with driving,6 
increased issues with visual crowding,7 and decreased 
reading ability.8

Glaucoma includes a group of eye diseases that 
can cause vision loss and blindness through damage 
to the optic nerve. Treatments can include follow-up 
visits, topical medications, oral medications, laser, and 
surgical interventions. The only current modifiable 
risk factor is intraocular pressure, through topical 
or oral medications or surgical or laser intervention. 
While treatment doesn’t guarantee to halt the 
progression of glaucoma, studies show that ocular 
hypotensive treatment significantly reduces the risk 
of progression and visual field loss.9  

A significant challenge for eye care providers 
is patients’ adherence to prescribed management 
to prevent vision loss. Studies have found that a 
large percentage of patients do not adhere to their 
treatment due to different factors, including long clinic 
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wait times, cost, insurance coverage, forgetfulness, 
follow-up ability, educational background, mental 
health (depression/cognition), side effects, language 
barriers,10 or cultural differences.11 Since most types of 
glaucoma are initially symptomless, patients are often 
less motivated to use their medication as prescribed, 
resulting in non-adherence and vision loss.12 In a 2016 
retrospective cohort study, it was estimated that 51-
56% of patients were using their ocular hypotensive 
medication as prescribed.13 It is essential for patients 
not only to be managed early, but also to adhere to 
their treatment protocol as directed. This is especially 
a concern with the use of topical ocular hypotensive 
medications, as they are directed to be used daily and 
require follow-up visits to monitor for progression and 
whether changes in treatment are needed.

Simulation goggles have been used to increase 
understanding of vision loss. For example, goggles 
have been introduced into academic settings to 
improve graduate students’ understanding of vision 
impairment. Scores on understanding of the condition 
after the simulation increased significantly.14 This same 
technique was used amongst pharmacy students 
to improve their understanding of the severity of 
peripheral vision loss in glaucoma.15 However, there 
is limited information about the level of vision loss 
intended and needed to simulate the desired vision 
loss. There is also limited commercial availability of 
simulation goggles, so consistency in simulator effects 
may differ.  

The aim of this pilot study was to confirm that the 
study simulation goggles affected visual function and 
that simulation goggles impacted the subjects’ short-
term intentions for glaucoma treatment compliance. It 
was hypothesized that patients who undergo vision-
loss simulation might have a better understanding of 
the potential severity of glaucoma. This intervention 
might then be a tool for clinicians to use to increase 
patient understanding and treatment adherence, 
thereby preventing unnecessary vision loss from 
glaucoma. 

Methods
Subjects

A retrospective record review was completed 
of patients recently seen at the Illinois Eye Institute 
(Chicago, IL) using inclusion criteria of International 
Classification of Disease, Tenth Revision, (ICD-10) codes 
for mild and moderate primary open-angle or low-
tension glaucoma. Per ICD-10, for both primary open-
angle and low-tension, “mild” glaucoma indicates 

optic nerve abnormalities not currently affecting 
the visual field, and “moderate” glaucoma includes 
optic nerve abnormalities and glaucomatous visual 
field abnormalities in one hemifield, but not within 5 
degrees of fixation. An additional inclusion criterion 
was self-reported ability to walk without assistance. 
Exclusion criteria included cognitive impairment, 
vision loss due to other ocular conditions including 
cataracts, or glaucoma diagnosed for more than 2 
years. Records were reviewed to ensure that subjects 
met inclusion criteria, and 201 study recruitment 

Table 1 . Subject Characteristics

Gender Percentage Number (of 26)

Male 46.15% 12

Female 53.85% 14

Age

50-54 3.8% 1

55-59 0% 0

60-64 50.0% 13

65-69 46.2% 12

Glaucoma Type with ICD 10 codes

POAG mild 
H40.1111/1121/1131

61.5% 16

POAG moderate 
H40.1112/1122/1132

30.8% 8

Low-tension mild 
H40.1211/1221/1231

3.8% 1

Low-tension moderate 
H40.1212/1222/1232

3.8% 1

Pre-Activity Instructions: “Does your vision give you any difficul-
ty, even with glasses, with the following activities?”

Post-Activity Instruction: “Based on your experience through 
the vision simulation goggles, rate how difficult you think the 
following activities would be while wearing those goggles.”

Scale: 1 no difficulty, 2 a little bit of difficulty, 3 some difficulty, 4 
quite a lot of difficulty, 5 severe difficulty

Items
1. Walking after dark
2. Seeing at night
3. Walking on uneven ground
4. Adjusting to dim lights
5. Going from a light to a dark room and vice versa
6. Seeing objects coming from the side
7. Walking on steps/stairs
8. Judging distance of foot to step/curb
9. Finding dropped objects

Table 2 . Glaucoma Activity Limitation (GAL-9) Questionnaire: 
9-Item and 5-Response Category Instrument
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letters were mailed to potential participants. This letter 
was followed by up to two telephone calls. Twenty-six 
subjects aged 50-70 years old responded, consented 
to, and then participated in the study (Table 1). All 
subjects completed the study. 
Procedure

The study consisted of a single 60-minute visit, 
which included three components: pre-activity 
questions, vision impairment simulation, and post-
activity questions. 
Pre-Activity Questionnaires 

Before their assigned activity, all subjects 
completed the Glaucoma Activity Limitation (GAL-9) 
(Table 2) and answered questions regarding baseline 
knowledge of glaucoma visual impact. The GAL-9 has 
9 questions on vision-related activity limitations in 
patients with glaucoma.16,17 Each question is ranked 
on a scale of one to five, with a final score ranging 
from 9-45 and a higher score representing increased 
difficulty with vision-related activities. Tasks listed 
are basic tasks that all subjects experience daily; the 
subjects answered questions based on their current 
vision. Baseline questions regarding glaucoma visual 
impact were also asked to the subjects prior to goggle 
intervention. These baseline questions were similar to 
those used and recognized in other glaucoma studies. 
These questions focused on knowledge surrounding 
peripheral vision loss,18 blurry vision, and faded vision 
associated with glaucomatous vision changes.19 

Subjects were asked the following and were instructed 
to answer “True,” “False,” or “I do not know”: Glaucoma 
can make you lose your side vision, Glaucoma can 

make you have blurry vision, and Glaucoma can make 
you have faded vision.
Activity

Subjects wore wrap-around vision impairment 
simulation goggles. These goggles were designed 
to simulate vision loss due to advanced glaucoma. 
Commercially available safety goggles with dark/
opaque sides were used to create the vision loss 
simulators. The goggles used were modified by using 
construction paper with a 1.5 cm central hole and 
~0.4 Bangerter occlusion foils. The goggles simulated 
visual acuity reduction to between 20/40 and 20/50, 
moderate log contrast sensitivity loss to between 1.04 
and 1.48, and visual field reduction to between 20 and 
30 degrees. The goggles were worn over the habitual 
correction of the subject and allowed the subject to 
view through both their distance and near prescription. 
These subjects were allowed unlimited time to perform 
a series of 12 everyday routine activities. These tasks 
included pouring a glass of water, using a smartphone, 
using a computer, reading printed material, walking 
around obstacles in normal and dim illumination, 
identifying facial expressions, and watching TV.   
Post-Activity Questionnaires 

Subjects repeated the GAL-9 questionnaire and the 
baseline questions regarding glaucoma visual impact. 
For the post-activity GAL-9 questionnaire, subjects 
answered questions based on their experience through 
the vision loss simulation goggles. After all questions, 
subjects were given the chance to make any desired 
comments; comments were recorded. Average scores 
pre- and post-intervention were compared. 
Data Analysis and Consent
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Figure 3. Comparison of subjects’ answers on glaucoma understanding pre- and post-activity

Data was entered into an excel spreadsheet, 
and statistical analysis (paired t-test) was performed 
using SPSS software (IBM Corp. Released 2016. IBM 
SPSS Statistics for Windows, Version 24.0 Armonk, NY: 
IBM Corp. Chicago, IL). The study was approved by 
the Institutional Review Board of the Illinois College 
of Optometry and conformed to the tenets of the 
Declaration of Helsinki. Written informed consent was 
obtained from all subjects. 

Results 
Twenty-six  subjects completed the study, with 

approximately equal gender participation. Most 
subjects were between 60 and 69 years old and were 
diagnosed with mild primary open-angle glaucoma. 
Table 1 includes subject characteristics and complete 
diagnosis breakdown. There was a statistically 
significant increase in mean GAL-9 score with simulator 

goggles (29.81±5.3) compared to baseline (15.04±5.2)
(Figure 1). This indicates that the goggles greatly 
impacted the subjects’ visual function.  

When asked to respond to glaucomatous 
peripheral vision loss (“glaucoma can make you lose 
your side vision (peripheral vision)”), the percentage 
of correct answers increased from 57.7% to 88.46% 
(by 30.8%). Correct answers regarding glaucomatous 
blurry vision (“glaucoma can make you have blurry 
vision”) increased from 73.1% to 100% (by 26.9%). 
Lastly, correct answers regarding glaucomatous faded 
vision (“glaucoma can make you have faded vision 
(loss of contrast sensitivity)”) increased from 53.9% to 
88.5% (by 34.6%) (Figure 2). When asked the question, 
“Do you feel that you understand what glaucoma 
is?” before and after the intervention, the number of 
subjects who responded, “I feel that I understand it 
very well” increased from 5 to 12 subjects (by 26.9%). 
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The number of subjects who responded, “I feel that I 
do not understand it” was reduced from 6 to 1 subject 
(by 19.2%) (Figure 3). After the intervention, 100% of 
participants stated that the activity increased their 
awareness of potential vision loss due to untreated 
glaucoma. 

Anecdotal comments that any subject made were 
recorded. Overall, 7 subjects (26.9%) verbalized being 
more conscious of using their medications in the 
future, and 6 subjects (23.1%) said that they would call 
and check their next glaucoma appointment. 

Discussion
In this pilot study, the results suggest that 

participation in a vision-loss simulation exercise can 
improve understanding of the effect that glaucoma 
can have on vision. After analyzing the GAL-9 scores 
and the baseline glaucoma knowledge questions, the 
study shows that the intervention increased awareness 
and understanding of glaucoma for the subjects. With 
this type of meaningful intervention, the negative 
impact of glaucoma on the quality of life of a patient 
can be impacted. 

The significant increase in pre- versus post-
intervention GAL-9 scores suggests that the goggles 
influenced understanding of vision loss as it would 
apply to real life. While there is potential clinical use of 
virtual reality glaucomatous vision loss simulation using 
the HTV Vive headset,20 this study offers an alternate, 
inexpensive, and accessible option using altered safety 
goggles. This study supports that simulator goggles 
can be easily created and efficiently demonstrated in 
clinical settings to show potential glaucomatous vision 
loss to patients. Potential future implications include 
patients remembering their experience through the 
simulation goggles and a resulting increased desire 
to avoid future vision loss by adhering to prescribed 
glaucoma treatment.

For the baseline questions regarding the visual 
impact of glaucoma, there was a significant increase in 
correct responses for all three questions. This reveals 
that the activity properly demonstrated and increased 
subject awareness regarding moderate and late-stage 
visual symptoms of glaucoma.

The increase in the number of subjects who 
responded that they understood glaucoma very well 
post-activity shows that the activity also increased the 
patients’ comfort surrounding awareness of glaucoma. 
This is also shown by the reduction in the number of 
subjects who responded that they did not understand 
glaucoma post-activity. Overall, this demonstrates that 

vision loss simulation goggles have the potential to 
increase medication adherence through heightened 
understanding and education about glaucoma. This 
is supported by other studies that show a positive 
association between patient glaucoma education and 
medication adherence.21-23 

The long-term effect of these interventions is 
unknown. Future research is planned to track this 
cohort and to assess long-term health literacy, as 
well as to examine adherence to medications and 
follow-up care. This was a pilot study with subjects 
who volunteered; a larger cohort will be needed to 
determine whether similar findings can be confirmed. 

Limitations to this study included a small sample 
population size due to time constraints. In addition, 
there is likely selection bias given that participants 
who responded to the research letter may have already 
been more likely to show interest and understand the 
importance of glaucoma medication adherence. A 
third limitation is the short duration of the study. We 
are currently only able to make inferences regarding 
possible future medication adherence; long-term 
tracking of the cohort is needed. 
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Book Review  •   Biohack Your Brain 
       Kristen Willeumier, PhD with Sarah Toland
                                                Reviewed by Joseph Miele, OD • Hallandale Beach, Florida

Dr. Willeumier graduated from Boston College 
with a degree in Psychology. She received a Master’s 
degree in Physiologic Science and a Doctorate in 
Neurobiology from the University of California in Los 
Angeles, where she now resides. During her graduate 
and post-graduate years of research, Dr. Willeumier 
studied neuroendocrinology, neurophysiology, and 
neurogenetics at the University of California and at 
the Cedar-Sinai Medical Center. She continued her 
studies and research in neurodegenerative diseases 
in the Neurology Department of the same medical 
center. She then entered the field of brain imaging. 
Dr. Willeumier became the director of research for the 
Amens Clinic, a mental health care center for the study 
of the brain.

Biohack Your Brain is about a daughter who is a 
student, teacher, athlete, researcher, and neuroscientist 
who agonized watching her father suffer from a 
degenerative disease. This book is not about vision; 
it is a book to fulfill a vision. Dr. Willeumier wrote this 
book hoping that it would help people of any age to 
take care of their brain and keep it healthy. She is a 
woman of science, but this book is not written in the 
language of science. 

Biohack Your Brain was published in 2020 by 
HarperCollins Publishers. It is 288 pages, divided into 
ten chapters, with scientific references for each chapter. 
It also has a Glossary of Brain-Related Acronyms, in 
which is cited neurovisual training (NVT), a type of 
cognitive training that uses simulators, computer 
screens, and virtual reality headsets to challenge eye 
movements and to increase overall optical skills.

In the first chapter, Dr. Willeumier writes the 
ending: her conclusions from her research, ten ways to 
keep your brain healthy. These are the basics: 1) Take a 
brisk walk, 2) Eat a square of dark chocolate, 3) Sit up 
straight, 4) Write with your non-dominant hand, 5) Eat 
a bowl of blueberries, 6) Learn a new word, 7) Visualize 
ways to improve your day, 8) Create ten minutes of 
white space, 9) Sniff your stress away, 10) Write down 
one thing you are grateful for. Dr. Willeumier provides 
the scientific references for each of these conclusions 
in her “notes” for each chapter.

The second chapter is a nicely written description 
of how the brain works. There is a section on 
consciousness and intelligence, as well as gender 
differences of the brain and problems that occur 
playing sports. Dr. Willeumier participated in research 
on the brains of NFL players.

The third chapter is a detailed analysis of foods that 
are good for the brain. The fourth chapter is a discussion 
of which exercises increase cerebral circulation and 
ways to get new brain cells. The fifth chapter describes 
the value of vitamins and supplements to increase 
blood flow and to protect brain cells against oxidative 
stress.

In chapter six, Dr. Willeumier explains the value of 
water and other beverages that are good for your brain. 
In chapter seven, she offers answers to the following 
questions: What is the difference between regular 
stress and chronic stress? What are the ways to get a 
good night’s sleep? What is the value of meditation, 
deep breathing, and massage?

Chapter eight explains why positive thinking is 
important and how to break from negative thinking. 
Chapter nine is a discussion of music, art, reading, 
languages, and computer games. Finally, the last 
chapter is about what blood tests teach you about your 
brain’s health and which habits you should monitor. 
Lastly, should you get a brain scan?

Every reference cited was published in this century, 
so the information has a recent history. I did not see a 
reference from optometry or ophthalmology, though.

I taught my VT patients much of this information. I 
learned from my teachers at the Optometric Center of 
New York, the Gesell Institute of Child Development, 
and many OEPF Congresses that I attended. For 
the most part, the information was based on each 
instructor’s experience working with patients. The 
information was anecdotal and was often derided 
by many professionals who disparaged behavioral 
optometry. This book proves the foresight of our 
predecessors. I wish that I had had this book when I was 
in practice. I would have given or recommended this 
book to most of my patients. I especially would have 
given Biohack Your Brain to each and every optometrist 
and ophthalmologist I met!
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 ABSTRACT
Visual Snow Syndrome (VSS) is a rare neurological condition that 

causes constant visual static throughout the entire field of vision. 
Currently, it affects about 2-3 percent of the world’s population.5  
VSS is associated with numerous visual symptoms and non-visual 
symptoms. There is no known cause for the symptom currently. 
This poster will discuss what VSS is, how to diagnose it, and possible 
treatment options by presenting a case.

 VISUAL SNOW SYNDROME  
BACKGROUND

Visual Snow Syndrome does not currently have a known 
cause.5 While there is some research and theories as to why people 
experience VSS, the exact pathophysiology of the condition has not 
been found. VSS is a neurological condition meaning it is caused by 
something in the brain as opposed to the eyes. The physical structure 
of the brain and the eyes are unremarkable, leading researchers to 
think that VSS is most likely caused by a visual processing problem 
in the brain cortex.2 It is also believed that neuroinflammation and 
hyperexcitability are contributing to the syndrome.4

VSS is diagnosed by symptoms and exclusion of other conditions. 
To be diagnosed with VSS, a patient must experience constant 
visual static for at least three months.2 This means that the patient 
has visual disturbances throughout the entire field of vision, with 
their eyes open or closed. They must also have two of the other 
common visual symptoms; entoptic phenomenon, nyctalopia, 
photophobia, and/or palinopsia. A comprehensive eye exam and full 
neurological evaluation should be performed to rule out any other 
conditions or pathology. Lastly, a full history of drug use needs to 
be explored to rule out any other conditions such as hallucinogen 
persisting perception disorder (HPPD). Although the non-visual 
symptoms are not a requirement for diagnosing, they are commonly 
associated with the syndrome. The non-visual symptoms include 
migraines, anxiety, depression, tinnitus, depersonalization, brain  
fog, insomnia, dizziness, and tingling in limbs.

 CASE HISTORY
CHIEF COMPLAINT

A 35-year-old male came in with the chief complaint of VSS 
symptoms for 10 years. His symptoms include constant visual static, 
after-images, photophobia, depersonalization, brain fog, and feeling 
like things look flat or “dream-like.” 

HISTORY/MEDICATIONS

He has diagnosed himself with VSS and has a history of 
depression and generalized anxiety. He mentions that his anxiety 
has been heightened by the VSS. He had a mild concussion from a 
fall, but he was already experiencing VSS before this occurrence. He 
takes Klonopin 1 mg as needed.
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Figure 2:  Post VT Right Eye Testing Figure 3:  Initial Platform Posturography Figure 4:  Post VT Platform Posturography 

 BINOCULAR VISION  
EVALUATION RESULTS 

TABLE 1: PARTICIPANTS RACE AND ETHNICITY AS INDICATED ON THE SURVEY. 
INITIAL EVALUATION PROGRESS EVALUATION (12 SESSIONS)

VAs (cc) 20/20 OD, OS, OU 20/20 OD OS OU

CVF FTFC OD, OS FTFC OD, OS

EOMS FROM OD, OS FROM OD, OS

Pupils PERRLA (-) APD OD, OS PERRLA (-) APD OD, OS

Stereopsis 70 seconds of arc 20 seconds of arc

Cover Test LH, mild eso at near LH, mild eso at near

NPC TTN TTN

Pursuits and Saccades 4+, 3+ undershoots,  
head movement 4+, 3-4+ mild undershoots

Localization Undershooting Normal

Midline Rightward and upward Normal

Thorington (near) 0.5 eso and 3 LH 0.5 eso and 3 LH

Accommodative 
Facility (+/- 1.50) 1.5 cpm (+/- 2.00) 5.5 cpm

Vergence Facility (12 BO/ 3 BI)  
cannot fuse BI 5.5 cpm

Fusional Ranges DBI: X/4/2 DBO: X/6/1
NBI: X/6/4 NBO: X/6/4

DBI: X/4/2 DBO: X/6/4
NBI: X/6/0 NBO: X/25/8

 TREATMENT 
Once the functional vision is fully assessed, the patient 

completes 12 sessions of weekly vision therapy. Even though there 
is no specific measurement on testing to determine if a patient has 
VSS, it is important to know the visual skills to better their therapy 
program. Therapy will cover many areas of the functional visual 
system including spatial and peripheral awareness, eye teaming, 
accommodation, tracking skills, and perceptual/cognitive skills. In 
order to gain a better understanding of the effects of therapy on 

the patient’s daily life, a quality-of-life survey was given pre and post 
vision therapy.

 CONCLUSIONS 
The patient, overall, had significant improvements in symptoms. 

He states his depth perception has greatly improved and the static 
is less noticeable when he is doing his exercises consistently. His 
functional visual skills improved after the 12 sessions and he is going 
to continue therapy.

As the awareness of VSS continues to spread, research into the 
cause and treatments of visual snow continues to increase. Once 
the pathophysiology of VSS can be determined, treatment options 
will be easier to create. Other testing such as ERG, VEP, and/or 
EEGs could be used to determine the functionality of the brain/
eye pathways.3 Different use of medications (such as SSRIs) and/
or recreational drugs seem to be linked to onset of visual snow 
symptoms in some patients.1 Exploring any connections between 
drug use and the condition could help with prevention of triggering 
symptoms. Nutrition and genetics can be further explored to see 
if supplementation would be beneficial. Other forms of therapy 
such as light therapy (syntonics), sound modulation therapy, and/
or relaxation techniques could be used to help diminish symptoms.4 
But above all, continuing to spread awareness and help manage 
symptoms for our patients are the immediate goals.
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          The Use of Therapeutic Microprism for Patients with Post-Concussion Syndrome 
Kelly N Wawryk, OD*, Jill Schultz, OD
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Bright Eyes Vision Clinic, Pacific University College of Optometry

 Background
A concussion is a Traumatic brain injury (TBI) that affects brain 

function1. Symptoms following a TBI vary greatly from patient to 
patient and the length of time an individual experiences these effects 
also varies greatly.

Post Trauma Vision Syndrome (PTVS) is the most common visual 
sequelea of a TBI. PTVS covers a variety of signs and symptoms 
that may include convergence insufficiency (CI), accommodative 
dysfunction, low blink rate, reduced concentration or attention, 
oculomotor deficits, and visual spatial distortion2. Most patients 
experience many non-visual symptoms as well. Co-management 
with physical, occupational, and speech/language therapists as well 
as neurologists/physiatry is very common with TBI patients.
 Prognosis for full visual recovery following a concussion is 
positive. There are many treatment options depending on the 
severity of symptoms, including lenses, prisms, and optometric 
vision therapy.

Case Examples
Discussion

References

The recommendation of using a passive therapy through microprism 
was well received by all patients. At the beginning of their recovery, the 
majority of patients with TBI are typically in occupational or physical 
therapy, or both. Using prism alone is a cost effective way to reduce 
symptoms without the added time and financial commitment of additional 
weekly therapy sessions. The prism also allow for improved function 
during current therapy sessions so patients continued to work at 
returning to their baseline.
 Patients all had similar in-office responses to the microprism. Balance 
was improved with tandem walking, overhead lighting appeared “softer” 
or “dimmer”, and computer scrolling became less visually disturbing. If 
patients were not immediately responsive to 0.50BI, the 1.0BI was 
trialed. In the cases where similar responses were made, the 0.5 was 
selected.  
 At the follow up appointment, all patients experienced improved quality 
of life after wearing the microprisms full-time. Many patients felt they 
could return to driving and visually busy environments without the same 
level of symptoms as before. Two patients also reported increased ability 
to work at a computer without a headache. The objective measurements 
showed slight improvement in all patients at the 1 month follow up. The 
main measure for this treatment outcome was quality of life and 
subjective symptoms reduction, all patients felt it was successful.
 There are still further treatment options that can be pursued by all of 
the patients. The next steps that will be taken by patients is the addition 
of binasal occlusion to their prism glasses. And final recommendations 
will be to start a customized optometric vision therapy program for all 
remaining visual deficits.  
 Addition of base in microprism shows a clear benefit for patients with 
PTVS. It should also be considered for patients who are presenting with 
similar “TBI-like” visual symptoms and have not suffered from a 
concussion. Symptoms that may indicate a good candidate for 
microprism include headaches, balance issues, light sensitivity, and 
being overwhelmed by visually busy environments. Given the common 
symptomology profile, patients who have suffered from stroke, chronic 
migraines, underlying autoimmune diseases, or motion sickness should 
also be considered for this treatment option.
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Concussion Evaluations
    The ages of patients assessed ranged from 17 to 60 years 
old. One patient suffered from a fall resulting in a head injury, 
one patient had a sports related head injury, and three 
patients were in car accidents.
    The following charts detail the exam data and extra testing 
that was collected and confirmed each patient had 
post-traumatic vision syndrome.

Diagnosis and Initial Treatment Plan

Five different patients assessed with complete ocular 
examinations following a head injury showed PTVS symptoms.
 Subjective symptoms were detailed in a pre-exam questionnaire, 
the Brain Injury Vision Symptom Survey scores (BIVSS). All patients 
experienced daily headaches, light sensitivity, and the inability to 
sustain near work for  greater than 30 min. During the exam all 
patients showed visual vestibular discomfort, and symptoms were 
elicited during Visual Ocular Motor Screening (VOMS). VOMS 
testing includes smooth pursuits, saccades, near point of 
convergence, VOR testing, and visual motion sensitivity testing3.
 Due to frequent headaches, a 30-2 visual field was performed on 
all patients. Visual field loss is extremely common following a TBI 
and can vary from small scotoma, generalized constriction, total loss 
of vision, or homonymous hemifield4.

Visually evoked potentials (VEPs) were run as a baseline and 
again to determine response to treatment. Patients with PTVS show 
decreased VEP amplitude, often normalizing with application of 
binasal patches and low amounts of base in prism5.
 Functional lens testing was performed with base in microprism 
(0.5 or 1.0 OU). Based on patient responses, prism was added to the 
final distance refraction with a separate prism prescription in near 
lenses when appropriate.

Prisms were to be worn full time for 4 weeks to assess subjective 
improvements. Objective changes were assessed at a 1 month 
follow up appointment.

    VEP    

Patient Binocular 
Dysfunction

Ambient 
Dysfunction

0.5 BI Improved 
Function

30-2 Visual Field

AG Yes Yes Yes Generalize constriction OU

LC Yes Yes Yes Scattered central depression 
OU

LB Yes Yes Yes Scattered central depression 
OD, full field OS

BA Yes Yes Yes Full field OU

AG Yes Yes Yes Full field OU

    The following chart details the extra testing performed on each 
patient. The VEP data shows that binocular dysfunction was 
present with ambient dysfunction in each patient, and that each 
patient experienced improved function with 0.5 BI OU. The 30-2 
visual field results are also listed showing the variety in field 
changes following a TBI. Patients without a full field were 
retested at the 1 month follow up and all showed improvement. 

Figure 1: Baseline 30-2 Visual Field of Patient AG showing generalized constriction. 

 Patient Age BIVSS Main Sx VOR/Visual motion

AG 60 44/112 Reading issues, HA, motion sickness H 4/10, V 4/10, C 4/10

LC 53 60/112 Dizziness, HA, reading issues H 5/10, V 5/10, C 6/10

LB 17 54/112 HA, reading issues H 0/10, V 0/10, C 5/10

BA 27 44/112 Light sensitivity, HA H 6/10, V 6/10, C 7/10

AG 29 39/112 Light sensitivity, HA, dizziness H 0/10, V 4/10, C 5/10

    The following chart shows the patient's initial BIVSS. A score >32 
is the intended threshold of correctly predicting a patient with a TBI6. 
The main symptoms patients were hoping to address through 
treatment are also listed. The last column shows the results of 
vestibular-ocular reflex testing (horizontal = H, vertical = V) and 
visual motion sensitivity (C), patients were asked to score the 
increase in symptoms on a scale from 1-10.

 

Patient BCVA Near 
Vergence
  Ranges

NPC Pursuits Midline
  Shift

AG 20/20 OD,OS BI 16/16
BO 12/10

8/12cm Smooth, 
dizziness

Aligned

LC 20/20 OD,OS BI 10/10
BO 14/14

10/15cm Smooth, 
dizziness

Right
pupil

LB 20/20 OD,OS BI 16/14
BO sup.

5cm/10cm Jerky, HA Aligned

BA 20/20 OD,OS BI 35/25
BO 18/16

7cm/10cm Jerky, HA, 
dizziness

Right 
medial
canthus 

AG 20/20 OD,OS BI 6/6
BO 16/16

7cm/13cm Smooth,
required effort

Right
pupil 

The final chart shows best corrected visual acuity, patients vergence 
ranges at near, near point of convergence, and the location of a 
subjective midline shift if one was present during testing.

Figure 2: A standard VEP curve7. Data collected for patients was 
analyzed based on latency and amplitude of the P100. Baselines 
showed abnormalities in binocular summation and ambient 
dysfunction with reduced amplitudes and increased latency. 
Addition of 0.5pd BI OU shows improved function with patients 
having higher amplitudes and reduced latency.

A Case Report on Parasym Plus for a Patient with Postural Orthostatic Tachycardia (POTS) Syndrome 
Following a TBI and COVID-19 Booster Aftermath

Lynne Becker, MSPH, CEO/Founder of Power of Patients, Dr. David Biberdorf, O.D., C.O.V.D., Valley Vision and University of North Dakota
For Power of Patients

Hannah Burgess, MPH, Public Health Coordinator, Zheng Zhang, MSIS Candidate, Full Stack Developer, Ankita Sanjay Shinde, MPS Informatics Candidate

Evidence suggests that a dysfunction of the autonomic nervous system (ANS) may be a contributing 
factor to post-concussion symptoms1. An ANS dysfunction characterized by sympathetic overactivity has 
the potential to impact cerebral perfusion, baroreflex efficiency, and affect cardiac function. Persistent 
light-headedness, dizziness when in an upright position, and dyspnea when undergoing exercise may be 
indicators of the presence of a type of dysautonomia known as postural orthostatic tachycardia 
syndrome (POTS)2.  A protracted hyper-adrenergic state, peripheral denervation, blood pooling in the 
lower extremities, reflex tachycardia and deconditioning from POTS could interfere with the ability to 
successfully complete various post-concussion therapies, including vision rehabilitation (3,4).  In addition 
to concussion, POTS has recently been observed in patients with acute COVID-19 and in patients with 
post-acute COVID-10 or ‘long COVID-19’.5,6 The need to identify and manage co-morbid POTS either 
prior to or during neuro-optometric vision rehabilitation may lead to more successful outcomes.    

Background

In November 2021, the patient’s head collided with the head of their horse resulting in immediate 
dizziness and nausea.  After a day or so, this resolved but some lingering balance difficulty remained. A 
month later she received her COVID-19 booster after which she experienced dizziness, adrenaline rushes, 
heart palpitations and increased heart rate.  Headaches, unexplained anxiety, panic attacks, sensory 
sensitivity, light-headedness, and brain fog ensued a few days later as well.  Her primary care physician 
diagnosed Postural Orthostatic Tachycardia Syndrome (POTS) and prescribed propranolol and 
compression stockings. This, along with physical therapy, lymphatic massage and lifestyle changes 
provided only limited relief of her symptoms.  Because of persistent blur, eyestrain, light sensitivity and 
reading problems, she pursued a vision examination in the spring of 2022 which revealed convergence 
insufficiency, vergence dysfunction, accommodative insufficiency and abnormal VEP.  

Prior to undergoing vision rehabilitation, it was decided that the patient first attempt to reduce her POTS 
symptomatology using a new non-pharmacological FDA-approved product called Parasym Plus. This 
proprietary compound is designed to boost acetylcholine availability which is felt to counter sympathetic 
hyperactivity and support vagus nerve activation.  We also sought to better monitor our patient’s 
symptoms during this trial period using the Power of Patients app. 

Patient History

Power of Patients (PofP) is an health-tech company with 
a patent-pending AI app that is transforming traumatic 
brain injury (TBI) care. The app is cloud-based, patient-
powered, collects data at a granular level through a 
patient’s direct input, driving patient engagement to 
improve and create unique therapeutic and research 
opportunities for providers, researchers, and the clinical 
trial industry.

Methods

We welcome questions. Please contact lynne@powerofpatients.com

Pre/Post Vision Results

Sallie®, a 
comprehensive brain 

injury tracking 
platform.

Measurement Pre-Treatment 
Measure

Interpretation Post-Treatment 
Measure

Interpretation

BIVSS Score 81 TBI 47 Improved
Best Corrected Visual Acuity (OD, OS, 

OU) 
20/20 Normal 20/20 Unchanged

Refractive Status OD -6.00, OS -
5.75

Myopia OD & OS OD -6.00, OS -5.75 Unchanged

Distance Phoria (von Graefe) 2 exo Normal 1 exo Insignificant Change

Near Phoria (von Graefe) 2 exo Normal 2 exo Unchanged

Nearpoint of Convergence 15 cm Convergence Insufficiency 6.5 cm Improved

Near Convergence Range (Prism Bar) X/10/8 Convergence Insufficiency 8/14/10 Insignificant Change

Near Divergence Range (Prism Bar) 10/12/10 Vergence Dysfunction 8/10/8 Insignificant Change

Vergence Facility (3BI/12BO) 0 (Fail BO) Convergence Insufficiency 5 cpm Improved

Accommodative Facility (+/- 2.00D) 0 (Fail -2.00) Accommodative 
Dysfunction

9cpm Improved

Acc. Amps (Pushup; OD/OS/OU) 4.5/4.5/5.0 Accommodative 
Insufficiency

7.5/7.0/8.0 Improved

8x8 VEP Latency High Contrast, 
Checkerboard

98.6 Normal 109.4 Somewhat reduced parvo 
response

16/16 VEP Latency High Contrast, 
Checkerboard

100 Normal 104.5 Somewhat reduced parvo 
response

8x8 VEP Latency Low Contrast, 
Sinusoidal

102.5 LC < HC Magnocellular Deficit 103.5 LC > HC Insignificant Change

16x16 VEP Latency Low Contrast, 
Sinusoidal

156.2 LC < HC Magnocellular Deficit 136.7 LC < HC Somewhat improved magno
response

References available upon request.

PRIMARY Vision Symptom Data

Head Hit Location and Impacted Areas of the Brain Based upon Presentation 
of Symptoms

Tracking Day Percent Change Journal Entry

Day 1 to Day 2 +75% Lots of computer time today- 5 hours

Day 2 to Day 3 -`100% less computer time

Day 8 to Day 9 +100% 6+ hours on computer

Day 10 to Day 11 -48.49% Less computer time; more clients on caseload

Day 14 to Day 15 +100% Long computer day

Day 22 to Day 23 -48.49% Migraine at 3:30

Day 23 to Day 24 +100% didn't have a migraine

Day 27 to Day 28 +100% Less computer time

Power of Patients is fully personalized to each patient collecting medical 
data (symptoms) as it relates to an individuals TBI and the triggers 
(AKA) Social Determinants of Health (SDOH) . Each patient is provided 
with a fully customized dashboard allowing patients to track their 
symptoms and triggers as frequently as they need. Data is both 
structured and unstructured providing patients with real-time analytics, 
highlighting trends and common occurrences across their behavior and 
environment. Patients can electronically share their data with their 
Health Care Providers (HCP) that is HIPAA compliant.

To reduce patient's POTS symptomatology, use of a product purported to 
support vagus nerve function was tried. For 30 days, patient tried 
Parasym Plus to help stimulate the vagus nerve, as providers had 
suspicion of vagus nerve dysfunction. Parasym Plus is a compound stated 
to nudge the vagus nerve gently and safely to support restoring 
parasympathetic nervous system function. To track how the patient felt 
throughout the 30-days, patient used Power of Patients® comprehensive 
brain injury symptom and trigger tracking platform, Sallie®.
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Day

Eyes get tired (fatigued) very easily or quickly: when doing close work

Patient hit her head at the front, impacting their frontal lobe, however, 
experiences many symptoms linked to other areas of the brain.

DISCUSSION:

Both COVID-19 and mTBI have been found to be associated with dysautonomia causing episodic excess sympathetic tone, known as paroxysmal sympathetic hyperactivity (PSH).7,8  Exaggerated sympathetic tone 
creates a fight or flight response.9 In the visual system, the near triad reflex of accommodation, convergence and pupillary constriction can be compromised leading to blurred vision and asthenopia when engaged 
in near work.10

Postural orthostatic tachycardia syndrome (POTS) is the most prevalent chronic cardiovascular dysautonomia among young and middle-aged individuals, predominantly women.11 Individuals with POTS demonstrate 
refractory dizziness, lightheadedness, cognitive dysfunction, fatigue, headache, chronic pain, nausea and gastrointestinal dysmotility, activity and exercise intolerance, syncope, and tachycardia.12

The pathophysiological mechanism in POTS remains elusive but there is evidence of autoimmunity, that is, autoantibodies activating adrenergic and muscarinic receptors may play a factor, as COVID-19 infection is 
characterized by an intense hyperinflammatory response known as “cytokine storm” which could cause a disruption of the normal ANS modulation and create an associated sympathetic overactivity.13 POTS 
patients have been found to have high levels of autoimmune markers and are more likely than the general population to have an autoimmune disorder. Whether the same mechanisms are responsible for post-
acute COVID-19 syndrome-associated POTS remain to be established.14

The non-pharmacological treatments for POTS include exercise and physical training, increased salt intake, skin surface cooling, negative-pressure breathing maneuver, biofeedback, relaxation training, stress 
management, sleeping in the head-up position, and vagus nerve stimulation.15 Several pharmacological treatments have also been reported in the literature yielding various degrees of limited success.16,17

Parasym Plus is an FDA-approved proprietary compound that crosses the blood-brain barrier and naturally supports acetylcholine production levels.  Acetylcholine is a neurotransmitter that is required for multiple 
nervous systems of the body including the brain, muscles and organs.18 Because acetylcholine is broken down immediately by the body, a replacement compound is needed that can be easily and safely absorbed.  
The ingredients in Parasym Plus are designed to stimulate the vagus nerve to assist with all aspects of digestion.19 Such vagus nerve stimulation could also improve immune system function and decrease systemic 
inflammation.20 This case report did not test for any biomarkers in the blood-brain barrier but would recommend some kind of acetylcholine test be conducted.

Although our patient showed sporadic POTS symptom relief over a 30-day trial of Parasym Plus, her ability to identify the triggers that exasperated and improved her symptoms are critical for care management.  
Future studies of Parasym Plus with patients who have POTS should include structural assessments of cervical discs, measures of heart rate variability (HRV), objective vergences and accommodation, and objective 
pupillary dynamics with symptoms monitored using Sallie®, the Power of Patients® digital health app.  The potential to use Sallie’s® real-time monitoring, shows promise in improving patient engagement with their 
care, offering remote, rapid treatment adjustments to the symptoms of autonomic dysfunction (tachycardia, gastroparesis, poor digestion, poor gallbladder function, orthostatic intolerance, dry eyes, and others), 
central nervous system dysfunction (brain fog, cognitive decline, mood swings, irritability and others) and peripheral nervous system symptoms (extreme fatigue, tremor, loss of coordination and others). This real-
time & remote therapeutic monitoring, between office visits, provides benefits from a practice management perspective by utilizing patient customization features in Sallie®.

POTS Symptom Data POTS Journal Entries

RESULTS: During and after 30 days of Parasym Plus treatment there were 
inconsistent improvements of the patient’s POTS-related symptom variations 
recorded on the Power of Patients app.  The primary vision complaint had 
similar, erratic spikes as seen in the charts to the left. As depicted in the Pre/Post 
Vision Results table there were measurable vision improvements found for BIVSS 
score, accommodative amplitudes, accommodative facility, nearpoint of 
convergence and vergence facility. The journaling feature details what seemed to 
cause the spiking in symptoms which suggests patient could have benefited from 
earlier therapeutic intervention and adjust the treatment protocol.
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Day

POTS Primary Symptom Severities

Heart Sensations Loss of Balance/Dizziness

Total Increases = 12
Total Decreases = 8
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Environmental Screen Time Wellness

Total Increases = 8
Total Decreases = 5

Tracking Day Percent 
Change

Journal Entry Associated Symptom

Day 1 to 2 -31.25% Gets worse at work, specifically when standing/sitting 
still and talking to people. Gets better with 
movement, during walks, when off screens, and when 
activating parasympathetic. Have to also keep up on 
my fluids/electrolytes.

Loss of Balance/Dizziness

Day 3 to 4 -49.40% Felt normal most of the day today! Loss of Balance/Dizziness

Day 6 to 7 +47.37% Worse at work Loss of Balance/Dizziness

Day 7 to 8 -69.64% Mild Dizziness Loss of Balance/Dizziness

Day 9 to 10 +109.09% Put horse down on this date- emotional stress & heat Loss of Balance/Dizziness

Day 11 to 12 +82.76% 1st day of period Loss of Balance/Dizziness

Day 14 to 15 -21.57% tried to activate parasympathetic as much as possible Loss of Balance/Dizziness

Day 15 to 16 +54.55% Went to lake Loss of Balance/Dizziness

Day 17 to 18 +58.82% Travelling home from lake Loss of Balance/Dizziness

Day 19 to 20 +140% Dizziness all day, migraine starting at 3:30 Loss of Balance/Dizziness

Day 20 to 21 -16.67% Still bad; better than the migraine day. Loss of Balance/Dizziness

Day 22 to 23 -20.75% Relaxed Loss of Balance/Dizziness

Day 24 to 25 +35.90% faint feeling at work Loss of Balance/Dizziness

Day 24 to 25 +195% I have no idea what caused these palpitations today Heart Sensations

SACCADIC FUNCTION IN MILD TRAUMATIC BRAIN INJURY 
Sri Yogalakshmi BK, Deepa BMS, Radha Annamalai 

Sri Ramachandra Institute of Higher Education and Research ( Deemed to be University), Porur, Chennai, India
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DISCUSSION

➢ Currently Traumatic Brain Injury (TBI) is a major cause of death and
disability1. TBI occurs when an external force damages the brain and
results in visual problems affecting both afferent and efferent visual
systems2.

➢ Visual disturbances and visual motor problems following Traumatic
Brain Injury often go unnoticed in the mild category during clinical
practices.

➢ Prevalence of eye movement disorders found to be 40% by Suchoff et
al 3. Damage to the saccadic pathway results in the disrupted ability of
the eyes to conjugately move from one target to another quickly and
manifests as increased latency4.

➢ Developmental Eye Movement (DEM) test is a reliable, standardized,
and quantitative clinical test with a visual-verbal format. Therefore, the
study aims to clinically assess saccadic eye movements in mild
Traumatic Brain Injury (mTBI) and compare it with age-matched
controls.

➢ Based on the Glasgow Coma Scale score of 13 to 15, subjects were
referred from the emergency department.

➢ 30 subjects (15 mTBI & 15 healthy subjects) with a mean age of 36.33
(11.95) participated in the study.

➢ Subjects with head injury (mTBI) and healthy subjects with no history
of head injury underwent complete assessment, including visual acuity,
refractive status, fundus examination, and intraocular pressure
measurements.

➢ Further, the DEM test assessment is performed binocularly with 3 test
cards to assess the vertical and horizontal saccades.

➢ Test cards A and B assess the global efficiency of vertical saccades.
➢ The combined time cards A and B are noted as the vertical time,

respectively.
➢ Test Card C assesses the global efficiency of horizontal saccades.
➢ The numbers are oriented horizontally and unevenly spaced.
➢ The time and errors resulting when stating the numbers for Test Card C

are noted as the horizontal time and horizontal errors, respectively.

Figure 1: Variance of Vertical time (VT) in seconds in mTBI  and 
controls

Figure 2: Variance of Adjusted horizontal time (AHT) in seconds in 
mTBI  and controls

VARIABLES mTBI CONTROL P- 

VALUE 
MEAN SD MEAN SD 

DEM (VT) in 

seconds 

51.933 40.245 29.33 11.53 0.05257 

DEM (AHT) 

in seconds 

58.73 41.32 33.26 14.64 0.037 

 

➢ In our study, Road Traffic Accidents (RTA) (n = 13, 86.7%) was the 
most common cause of TBI, followed by skid & fall (n=2, 13.3%).

Table 1: Mean and Standard Deviation of Vertical Time 
(VT) and Adjusted Horizontal Time (AHT)

DEM is a time based, indirect measure of visual search and eye 
movement control in a simulated reading task which can be a clinical 
visual biomarker in assessing subjects with brain injury. 

➢ The vertical number naming and horizontal number naming showed
an increase of time in mTBI (delayed) compared to the control
subjects.

➢ When comparing the vertical and adjusted horizontal time in mTBI
subjects, the adjusted horizontal time was drastically increased,
wherein the time taken to read the test plates was for a longer
duration, this indicates that individuals have oculomotor dysfunction.

➢ A study by Thiagarajan et al on-reading eye movement in mTBI
found that the subjects had significantly decreased reading
efficiency5.

➢ The oculomotor system is compromised in mTBI resulting in the
saccadic eye movement problem was more significant (60%) in
mTBI subjects in our study.

          Syntonics: Restoring the Colour to Life
Zachary Unrau, OD*, Jill Schultz, OD
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Bright Eyes Vision Clinic, Pacific University College of Optometry

 Background

... ...

The use of light as a therapeutic method has been around since the time of ancient 
world.3,5 Syntonics is a  light-based treatment that balances the parasympathetic and 
sympathetic nervous systems.2-5 The current model of syntonics was proposed by 
Harry Reilly Spitler O.D., M.D. in 1941.2-3,5 This model proposes that differing 
wavelengths of light influence physiological processes in the brain.1-3, 5 Low energy light 
that is in the red spectrum increases sympathetic nervous system activity with mid and 
high energy light in the blue green spectrum stimulate parasympathetic activity.1-3, 5 

Non-visual neurological systems in the brain serve to stimulate the the 
hypothalamus, pineal, pituitary, pituitary-adrenal axis, and are also involved in creating 
physiological homeostasis.5 One of the proposed mechanisms that light can regulate the 
autonomic nervous system is through the use of nitric oxide.5 Nitric oxide is believed 
to regulate the secretion of pituitary hormones.5 

Current uses for syntonics include treatment for oculomotor dysfunction, binocular 
vision dysfunctions, accommodative issues, functional visual fields, visual information 
processing, and headaches.3,5 Syntonic therapy progress is monitored using kinetic 
perimetry with colour fields, also known as campimetry.3,5 After a supervised session of 
colour therapy, individuals who are in syntonics therapy generally complete 20 minute 
sessions for 3-5 days a week of exposure to light with the prescribed filter.1-3, 5 In 
individuals who have Post Traumatic Vision Syndrome, syntonics is thought to play an 
invaluable role in restoring neuroplasticity.2, 5 It is postulated to cause the rewiring the 
brain's neural pathways allowing for restoration and recovery for the patient.1-2, 5 

Patients who have used syntonics report decreased  symptoms from their concussion 
as well as an improved quality of life.1-2, 5

Case Presentation Discussion

References

JG has been diagnosed with many concussions and still 
recovering from them. She is currently in optometric vision 
therapy and syntonic therapy daily to rehabilitate her visual 
system. With home therapy and syntonic lenses, she is showing 
dramatic improvement on a weekly basis. Her colour field has 
shown marked improvement in a few of months of syntonic 
treatment (Figure 1 and Figure 2). The filter combination that 
she is currently using is alpha-omega and mu-delta for 10 
minutes each daily.  The postulated function of these filters is to 
provide her with an emotional stabilizer with the alpha-omega, 
and a physiological stabilizer with the mu-delta filter.1,3

Syntonics stabilizes the parasympathetic nervous system and the 
sympathetic nervous system.1-3, 5 For patients with mild TBI, it is 
common to use the shorter wavelength filters to stimulate the 
parasympathetic nervous system.2-4 
Continued use of syntonics for this patient will stabilize the 
between the parasympathetic nervous system and the 
sympathetic nervous system.1-3, 5 Vision therapy will also be 
continued in conjunction with syntonics to enhance oculomotor 
skills, as well as to decrease dizziness, motion sensitivity, and 
headaches. 
Syntonics is a useful treatment option in patients who have a 
fragile binocular visual system, oculomotor system, or have 
experienced neurological damage.1-5 Through balancing the 
parasympathetic and sympathetic nervous systems, patients are 
able to recover and rewire their neural pathways.1-5 This 
increased neuroplasticity allows rehabilitation to occur, which 
restores the colour to their lives.1-5
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TBI Progress Evaluation
A 75 year-old white female (JG) presented to Bright Eyes Vision Clinic on February 10, 

2022 for a vision rehabilitation progress evaluation following previous treatment and 
assessment at Bright Eyes Vision Clinic in 2021. She has had multiple incidents  of whiplash 
(2005, 2020), concussions (2005, 2011, 2020)), and an aneurysm (discovered 2005). She is 
still experiencing difficulty with visual fluctuations, eye fatigue, eye strain, and motion 
sensitivity. Additionally, she is having difficulty with walking, motion sensitivity, noises, and 
reports that she is no longer able to go boating. Her symptoms have remained stable since 
our initial evaluation and treatment. 

At the time of the exam, she was taking sertraline, lorazepam and meclizine, all as 
needed. No allergies to medications were reported, however, significant dietary and 
seasonal allergies were reported. Notable medical history includes: fatigue syndrome, 
hearing loss, anxiety, hypercholesterolemia, vertigo, IBS, and osteopenia. Her family history 
is positive for cancer, macular degeneration, and cataracts. 

Previous prismatic lens testing found an improvement in gait and posture with 0.50∆ 
BO OD 0.50 BI∆ OS. Additionally, a 2.50 diopter add for near work provided the greatest 
clarity. 

Diagnosis and Initial Treatment Plan

• Diagnosis: 
○ Other vitreous opacities
○ Benign neoplasm of left choroid
○ Hyperopia
○ Astigmatism
○ Generalized contraction of visual field
○ Dizziness and giddiness 
○ Other subjective visual disturbances
○ Visual discomfort
○ Deficient saccadic eye movements 
○ Convergence insufficiency
○ Personal history of traumatic brain injury
○ Periodic headache symptoms in child or adult 

• Treatment: 
○ Discussed findings with patient. Recommended continued use of two pairs of 

spectacle lenses ( one for distance and one for near with prism). 
○ Recommended evaluation for vision therapy and syntonics 
○ Return to the clinic in 12 weeks for vision therapy progress evaluation. 

Figure 1. Colour visual field testing was completed on May 26, 2022 at the patients TBI progress evaluation due to 
the patient's history of concussion and binocularity complications. The test was deemed reliable OU.  Constriction 
with functional visual field testing was seen in both eyes with the left eye showing greater constriction. 

• ...
•
 

Progress Evaluation - Following 12 weeks of vision therapy and syntonics 
Upon return to the clinic on August 16, 2022, the patient reported a significant improvement in 

her dizziness, balance, and ability to read without losing her place following completion of 12 
weeks of vision therapy and syntonics. She reports that she is able to think more clearly than 
before and that the syntonics lenses have been calming. Additionally, she reports being able to go 
boating again and only experienced mild discomfort and irritation after several hours on the water.  
She also attended a Minnesota Vikings preseason game without experiencing sensory overload. 
Finally, GJ reports that her vision is not clear with her glasses.
● VAs:  Dist: 20/25+2 OD 20/30-2 OS Near: 20/25-2 OU
● Stereo: 250 sec global 70 sec local
● CVF: FTFC OD/OS
● Cover Test: ortho at distance and 4 exophoria at near
● NPC:   To the nose
● Vergences:  BI: x/8/8 BO: x/14/12
● VOMS: Horizontal: 8/10 Vertical: 5/10 Torsional: 10/10, Indicates visual vestibular deficiency
● Pupils: PERRL, (-)APD
● EOMs: FROM OU, (-)pain, (-)diplopia
● Pursuits/Saccades: smooth/jerky with undershoots and head movement
● Ant. Seg: 2+ Nuclear sclerosis. 

The patient visual symptoms following her concussions have improved, and she was educated 
on her progress. Continuing with In-office vision therapy and syntonics were recommended. Based 
on anterior segment findings, she was referred for cataract surgery to improve the clarity of her 
vision.

Figure 2. A repeat colour visual field was completed on July 7, 2022. The field was deemed 
reliable. Significant expansion in the functional visual field with all colours tested was found. 
The patient was advised to continue with her syntonics filters and educated on the 
expansion in her functional visual field.  

Based on the findings of the progress evaluation, it was recommended that JG return to the office for visual information processing testing. Additionally, vision therapy or occupational 
therapy was recommended to improve the patient’s visual vestibular skills. JG was not interested in pursuing occupational therapy (OT) as she had previously attended OT and was not able to 
complete the activities as she was too symptomatic and sensitive following her concussion. Initial colour field testing found  significant field constriction with all colours with the left eye 
showing greater constriction (Figure 1).

● VAs:  Dist: 20/25 OD 20/30 OS Near: 20/30+3 OU
● Stereo: 250 sec global 100 sec local
● CVF: FTFC OD/OS
● Cover Test: ortho at distance and near
● IOP: 17/15 OD/OS
● NPC: x/1/6 cm
● Pupils: PERRL, (-)APD
● EOMs: FROM OU, (-)pain (-) diplopia
● Pursuits/ Saccades: jerky movements with strain in forehead and headache
● Binasal Occlusion: no improvement 
● Manifest Rx:  +0.50-1.25x090 OD 

+0.75–0.50x105 OS

Figure 3. Colour field and syntonic filters. The 
colour field is used to examine the extent of the 
the functional visual field. Different colours of 
targets (white, green, red, blue) are used to 
assess the  interactions between the sympathetic 
and the parasympathetic nervous system. While 
the syntonic filters are used to enhance the 
binocularity and improve visual information 
processing.1  

Table 1. Syntonic Filters: Each filter varies in the 
effect on the binocular vision system. With  varied 
absorption and transmission spectrum for each 
lens, each filter targets either the sympathetic or 
parasympathetic nervous system.1 

https://www.oepf.org/wp-content/uploads/2021/01/Sri-Yogalakshmi-BK-Deepa-BMS-Radha-Annamalai-Saccadic-Function-in-Mild-Traumatic-Brain-Injury.pdf
https://www.oepf.org/wp-content/uploads/2021/01/Kelly-Wawryk-OD-Jill-Schultz-OD-The-Use-of-Therapeutic-Microprism-for-Patients-with-Post-Concussion-Syndrome.pdf
https://www.oepf.org/wp-content/uploads/2021/01/Zachary-Unrau-OD-Jill-Schultz-OD-Syntonics-Restoring-the-Colour-to-Life.pdf
https://www.oepf.org/wp-content/uploads/2021/01/Athena-Mears-OD-Visual-Snow-Syndrome.pdf
https://www.oepf.org/wp-content/uploads/2021/01/Lynne-Becker-MSPH-David-Biberdorf-OD-Hannah-Burgess-MPH-Zheng-Zhang-MSIS-Candidate-A-Case-Report-on-Parasym-Plus-for-a-Patient-with-Postural-Orthostaic-Tachycardia-Syndrome-Diagnosis-Following-a-TBI-and.pdf


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

.

The Fantastic Elastic Brain covers many topics pertinent 
to optometrists, vision development, and vision 
therapy. This book explains how visual problems 
develop and how parents can begin at their child’s 
birth to be sure that they do not develop vision 
difficulties from feeding, crawling, or retained reflexes. 
It gives examples of how vision therapy used in 
behavioral optometry retrains the brain to perform 
visual skills more effectively.
Two chapters are devoted to eyesight, vision, visual 
skills, amblyopia, strabismus, and vision therapy. 
Other chapters relate to our field, including retained 
reflexes, dyslexia, autism, educational kinesiology, and 
Balametrics. Nearly every chapter has accompanying 
brain activities and exercises.
This book is very readable for patients and parents 
of patients in vision therapy in your office as an 
explanation of why vision therapy is needed and 
what can be accomplished. It should be in every 
optometrist’s office.
 

The Fantastic Elastic Brain: How to Empower Your Child’s Mind 
Betsy Schooley

https://bit.ly/2XXnxd
http://pubs.covd.org/VDR/issue4-2/?page=32
https://www.oepf.org/product/the-fantastic-elastic-brain-how-to-empower-your-childs-mind/


Upcoming Events

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

 bit.ly/OEPFcalendar 

68th Annual Skeffington Symposium
Sat, Jan 14 - Mon Jan 16, 2023

Ft. Lauderdale, Florida
In-person & Virtual

www.SkeffingtonSymposium.org

Free: OEPF Study Group
Join us for a free OEPF Study Group 

discussion on VT best practices, Case Studies 
and Research Findings, every 3rd Tuesday of 

the Month
Tue, Jan 17, 2023; 8:30pm EST

Dr. John Abbondanza: “The Greats in Vision 
Therapy”-Interview by Brad Habermehl

Wed, January 18, 2023; 8:30pm EST

Free: OEPF Trivia Premier League 2023
Thurs, Jan 19, 2023; 8:30pm EST

Rhythm, Timing, and the Visual Process with Dr. 
Paul Rousseau
Wed, Jan 25, 2023; 8:30pm EST

Southwest Congress of Optometry
Fri, Jan 27 - Sun, Jan 29, 2023
San Antonio, Texas
In-person 
bit.ly/3uJEft9

Intro to Troubleshooting your VT with Tom Headline
Wed, February 1, 2023; 8:30pm EST

COPE Accredited CE Course: The Art & Science of 
Optometric Care – A Behavioral Perspective
Sat - Sun, Feb 4 - 5, 2023, Part 1
Fri - Sun, Feb 10 - 12, 2023, Part 2

LOCATION: Over the Internet
SPEAKER: John Abbondanza, OD 

PEDIG and CITT research with Dr. Annette 
Bade

Wed, Feb 8, 2023; 8:30pm EST

Selling your Practice to an Equity Fund with Dr. John 
Abbondanza
Wed, Feb 15, 2023; 8:30pm EST
Brain-Based Therapies - 4h workshop: Knowing How to 
Boost Your Therapies When Your Patient Gets Stuck
Drs. DeAnn Fitzgerald and Amy Thomas
Sun, Feb 19, 2023; 11am to 3pm EST
Journals: What You Need to Look For and What to Avoid, 
A Guide to Understanding - Leslie Holland, Manager of 
Library Services, SCO, OVP Advisor
Wed, Feb 22, 2023; 8:30pm EST

6-hour Applied Concepts course: Extraocular Muscles with 
Dr.Liat Gantz
Sun, Feb 26, 2023; 9am to 3pm

86th Great Lakes Congress: Performance Lenses, VT, 
and Automatic Brain Responses
Sat, Mar 6 - Sun, Mar 7, 2023
Chicago, Illinois
bit.ly/3Bu9MD1 

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 5 - 6, 2023 part 1
Fri - Sun, May 12 - 13, 2023 part 2
Sun, May 21, 2023 part 3
LOCATION: Over the Internet
SPEAKER: Virginia Donati, OD

https://www.oepf.org/calendar/

