
Binocularity, Productivity and Learning: 
The Link Between Alignment and Reading Speed

Brenda Montecalvo, OD
bmontecalvo@novavisioncare.com | (937) 320-0300



Vision Expo Has Gone Green!

We have eliminated all paper session evaluation forms.  Please be sure to 
complete your electronic session evaluations online when you login to 
request your CE Letter for each course you attended!  Your feedback is 
important to us as our Education Planning Committee considers content 
and speakers for future meetings to provide you with the best education 
possible.

On behalf of Vision Expo, we sincerely 
thank you for being with us this year.



Dr. Montecalvo
• 35 years of specialized certification in optometric 

vision therapy

• Highly sought-after practitioner, lecturer and author

• Past-President of the Ohio Optometric Association 
and Neuro-Optometric Rehabilitation Association, 
Past-Chair of the AOA Vision Rehabilitation Section

• Instructor of The Vision Aces Academy and       
Author of Visual Secrets for School Success

• Neurolens Advisory Board member

• Committee member for AOA InfantSEE

• AOA Vision Therapy Task Force

• All financial relationships have been mitigated 

Disclosures



Binocularity & 
Visual Health



Binocular Conflict

• Eyestrain

• Blur

• Diplopia

• Fatigue

• Light sensitive

• Headaches





Patients are more symptomatic 

than ever.

Descriptive cross-sectional study-Qassim University, May 2018.

Convergence Insufficiency and 
weak positive fusional reserve 
at near has a significant effect 
on academic performance. 



• Good vision and binocularity are 
important for achieving high academic  
performance. 

• Students with good vision and binocularity 
perform  better in  learning.  

• Therefore,  good  visual  functions  are 
cornerstone for students  in all learning 
stages  to achieve good academic 
performances. 

Scheiman M, Rouse MW. Optometric management of learning-related  vision  problems. Elsevier  Health Sciences; 2006. 



Not Only A Problem 
for Students…

Millions of adults are 
suffering from 
binocular problems. 



Patients are more symptomatic than ever

Average screen time up to 13+ hours per day*

94% of eye doctors are concerned

78% of employers are concerned

Increasing stress and strain for adults and kids

Patients don’t realize ECPs can help

“People report more headaches 

and migraines during Covid-19.”
-Forbes, March 2, 2021

*Eyesafe, 2020, https://eyesafe.com/covid-19-screen-time-spike-to-over-13-hours-per-day



Shin Related Symptoms
Binocularity to Performance

He found  a  significant  relationship  between symptomatic 
children  with binocular  vision problems and  their  scores  in  
every  academic  area  (reading, mathematics,  social  science,  
and  science).  

Also the study to assess the effect of distance visual  acuity  on  
the  academic  achievements  of children, concluded that the 
distance visual acuity did not  play  a  significant  role  in predicting 
school performance

.



report their symptoms to their Eye Doctor.

80% of adults experience the painful 
symptoms of eye misalignment:

YET ONLY 1 out of 10 

Vision Council Report, 2022

Headaches Eye Strain Neck &
Shoulder Pain

Motion
Sickness

Dry Eye
Sensation

Light
Sensitivity

Addressing an Epidemic

Vision Council Report, 2022



A Big Problem with Many Names

Asthenopia

Fatigue

Eye Pain

Blurred Vision

Double Vision

Headaches

Burning

Watery Eyes

Dry Eyes

Sore Neck

Photophobia

Convergence 
Insufficiency

Eyestrain

Headaches

Difficulty reading 

Double vision

Difficulty concentrating

Squinting or closing one 
eye

Fixation 
Disparity

Eyestrain

Headaches

Difficulty reading 

Double vision

Difficulty concentrating

Squinting or closing one 
eye

Computer Vision 
Syndrome

Eye Strain

Headaches

Blurred Vision

Dry Eyes

Neck and Shoulder pain

Digital Vision 
Syndrome

Eye Strain

Headaches

Blurred Vision

Dry Eyes

Neck and Shoulder pain

Trigeminal Nerve 
Overstimulation

Headaches

Neck Pain/Stiffness

Tired Eyes

Discomfort at Computer

Dry Eyes

Light Sensitivity

Documented in 1900Documented in 1855Documented in 1800s Popularized in 2000s Popularized in 2010s



Neurological 
Mechanism of 

Trigeminal Nerve Pain



Compensation

Sustained effort to realign

Misalignment

Most comfortable 
alignment

Required alignment

Impacts

Symptoms, such as 
headaches, neck pain, eye 
strain, dry eye sensation 

and motion sickness

Loss of visual clarity, 
sharpness

Impact to reading and 
other visual activities



Digre K. A Case-Based Guide to Eye Pain: Perspectives
From Ophthalmology and Neurology. New York, NY: Springer,
2018.

J Neuro-Ophthalmol 2018; 38: 237-243



The ophthalmic division of trigeminal 
nerve provides sensory innervation to 
the following structures:

• Forehead and scalp
• Frontal, ethmoid and sphenoid sinuses
• Upper eyelid and its conjunctiva
• Cornea
• Dorsum of the nose
• Lacrimal gland

Innervation of the Trigeminal Nerve



What is Proprioception?

It is the sense of self-motion, force and 
body position in real world

It is essential for motor coordination of 
the body

Accurate eye movements in different 
gazes to foveate the object of interest 



Proprioception (Neural Conflict)

Misaligned Eyes

Proprioception

Muscles in the Neck & Face

Inner Ear



Misaligned Eyes (Neural Conflict)

Misaligned Eyes

Muscles in the Neck & Face

Inner Ear

Proprioception



• Proprioceptive fibers innervating the extraocular 
muscles provide afferent feedback to the brain about 
the location of each eye.

• This feedback is required to avoid binocular 
misalignments.

• These proprioceptive signals are transmitted through 
the ophthalmic branch of the trigeminal nerve, which 
is responsible for detecting sensation and reporting 
pain. 

• It appears that these signals play a large role in the 
stimulation of the trigeminal nerve, resulting in 
symptoms associated with this overstimulation.

American Optometric Association (AOA Clinical Care Group). The Effects of Computer Use on Eye Health and Vision. April 1997.
Leigh, R., Zee, D. The Neurology of Eye Movements. The Ocular Motor Periphery. 
Weir, C., Journal of Neuro-Ophthalmology. Proprioception in Extraocular Muscles. Vol. 26, No. 2. 2006.
The Vision Council. Digital Eye Strain. Accessed April 2018.
J Neuro-Ophthalmol 2018; 38: 237-243

Summary Impact

https://www.aoa.org/Documents/optometrists/effects-of-computer-use.pdf
http://oxfordmedicine.com/view/10.1093/med/9780199969289.001.0001/med-9780199969289-chapter-2
https://collections.lib.utah.edu/details?id=225570
https://www.thevisioncouncil.org/content/digital-eye-strain


Resulting Symptoms

• Headache and neck pain

• Constant pressure or ache

• Dry eye sensation

• Fatigue

• Light sensitive

• Worse with increased usage of 
digital devices



Clinically Addressing 
Binocular Vision 

Disorders





1. Mostly when patients have diplopic complaints or issues

2. If the patient complains and I measure large amounts of phoria

3. Only if they have a vertical imbalance and have matching complaints

4. Sometimes if they have headaches, and I think their eyes are a contributing factor

5. Never

Poll: When do you prescribe prism?



1. Prism can be addictive and can cause prism creep

2. I don’t see the need for my patient base

3. Prescribing prism is guesswork: sometimes it works, sometimes it doesn’t

4. Prescribing prism is problematic and complicated

5. I love prism and prescribe it to many of my patients

Poll: Why isn’t prism prescribed more?



Common methods to measure and 
calculate Prism 

• Cover test

• Phorias

• Fixation Disparity

• Percival's Criteria

• Sheard’s Criteria

• Maddox Rod

• Loose prism trials



Real-time measurement of Binocular Vision, considering: 

• Heterophoria
• Vergence 

conditioning
• Binocular peripheral 

fusion
• Fixation disparity 

• Accommodative 
convergence 
response

• Alternating 
monocular central 
fixation

Peripheral and central vision measured at both near (50 
centimeters) and far (6 meters, simulating optical infinity).

Emerging Technologies



Prism Relieves Symptoms

The base-in prism reduced 
symptoms in young adults with 
convergence insufficiency.

Nabovati, Ophthalmic Physiol Opt Jan. 2020



The Evolution of Prism

Standard Prism
Slab-off Prism

Contoured Prism

90% of people have a larger misalignment at near, so linear prism simply 
doesn’t make sense for today’s wearer.



Chronic Headache Study

Miles, C, Krall, J, Thompson, V, Colvard, M. A New Treatment for Refractory Chronic Daily Headache; MD Neurology HA Clinic (n=179)

of patients have had a positive response to 
wearing contoured prism

93% 82%
of patients suffering from chronic daily 

headaches reported their symptoms were 
substantially reduced or “basically gone” after 

wearing contoured prism for 90 days.



Contoured Prism Specificity

No correlation between amount of misalignment 
and severity of symptoms. A patient with 1PD 
exophoria and a patient with 10PD exophoria 
could experience same severity of symptoms.

Small horizontal prism corrections (< 1PD) can 
provide significant relief in symptomatic patients.

Subjective clinical diagnostic tools limit our ability 
to accurately detect small eye misalignments.



Contoured Prism Stability vs. Linear Prism

After their first follow up at least one year after 
initial prescription, the average change in prism for 
Neurolens patients was less than 1/3 PD.

• 45% had no change at all.

After their second follow up at least one year after 
the first follow up, the average change in prism 
was much lower (about 1/10th PD).

• Almost 60% had no change at all.



Binocularity & 
Productivity



Study Parameters

• Parallel arm study

• N=55 (Combined)

• Evaluate reading speed at 
baseline and after seven days 
of lens wear



Study Design

Baseline
Measured Reading 

Speed

Received Control
(27)

Measure Reading 
Speed

Received Contoured 
Prism
(28)

Measure Reading 
Speed

7 Days of Wear

Double Masked
• Patient doesn’t know what lens 

they received
• Test administrator doesn’t know 

what lens they received



Contoured Prism Improves Reading Speed

Control +12.39 words per minute, 
Treatment +20.96 words per minute 
(70% higher)

Statistically significant
• F = 4.45
• p = 0.03)

20.96428571

12.39583333
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Case Study: Sara 63 yo female

Hx: Headaches for over a year, dry eye, currently in monovision Cl
 Referred by neurologist 

Rx: OD: -2.25 -2.75 x 090       3 EP @ 6 M     1pd BD OS
 OS: -3.75 -2.75 x 090
Add: +2.25            10 xp

NL value: 0.50 BI
CL for distance, Plano +2.25 add with NL 

Progress check: 6 weeks
Hx: no HA, less problems with dry eye  



In Summary

• BVDs are becoming more common & more disruptive for patients

• Proprioceptive conflict overstimulates the trigeminal nerve, leading to common 
symptoms such as headaches, neck pain and eye strain

• Contoured prism effective in relieving symptoms as a therapeutic offering

• Contoured prism improves reading speed 70% over standard lenses

• There are broad implications in productivity and learning



Questions?
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