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Told I would be lucky to finish high-school........twice!

My ultimate goal: What is the RIGHT approach 
in the RIGHT sequence?

What if we are ALL right? How do we move forward TOGETHER?

My original PhD / post-doc research: Illusions



McGurk Effect: Vision wins when vision and auditory collide!

So what about vision and vestibular function?

How do Visual & Auditory information interact?

“vision enhances information coming 
from auditory cortex.....”

“..visual information tends to be more 
reliable than other sources......when our 

non-visual sources are ambiguous..”

Quick note on the eyes and the ears....tensor tympani

“...the eardrum moves in conjunction with eye movements...the 
eardrum motion was oscillatory and began as early as 10ms 

BEFORE saccadic onset in humans or monkeys....(this interaction) 
may aid the brain in evaluating the relationship between visual and 

auditory stimulus locations as the eyes move”

“Ears get ready….the eyes are  
about to move”

So……“the weirdest thing ever said to me”

“Vision has nothing to do with 
the ability to read”



Why we have to completely change what we THINK vision is….
Question: What do you understand from the term “20/20”?

Doctors have missed a fundamental fact: “20/20” tells you nothing about eye movements, 
yet we move the eyes a lot with reading and locomotion through our environment!

My model for reading...VWFA is the “visual library”

Proper 
visual 

function
“visual library”
Area VWFA

Frontal lobe 
“pick me...pick 

me”

Aud

“VM HWY”

If VM hit children will usually 
become phonetic spellers (i.e. they 

cannot “picture the word”)

LTMSTM

EF,  WM

Quick word on “dyslexia” & ADHD
Let’s be a little more specific!

First off, does the child struggle 
dyseidetic or dysphonetic skills?

How common are BV disorders overall?

• Convergence insufficiency: 4% general population (15.9% in ADHD population)
• Amblyopia: 2-3%
• Strabismus: 2-3%
• Accommodative Dysfunction: 6%

General population: 1 in 10

Learning impaired: conservatively 7 in 10

Concussion: Almost universal!



Symptoms by percentage (n=215, Lovell et al., 2004) 
High School & College aged subjects within 3 days of 

concussion

• Headaches (71%)
• Feeling “slowed down” (58%)
• Difficulty concentrating (57%)
• Dizziness (55%)
• “Fogginess” (53%)
• Fatigue (50%)
• Blurred vision / double vision (49%)
• Light sensitivity (47%)
• Memory dysfunction (43%)
• Balance dysfunction (43%)

• Incidence: 650/100,000 (under-reported)
• 15% remain symptomatic (PCS), 3x higher risk suicide
• 16% visual pre-existing vision issues (Quaid et al, 2017)
• 1.7m / yr (USA) with 35% being <16 y.o.
• Estimated as a $16.7B / yr issue

General incidence and what insurance companies are 
finding......they track data REAL WELL!

# concussions presenting to ER rooms in the 
USA in 2007 for children ages 5-18 years old 
by activity (Valasek & McCambridge, 2012)

BCBS data (tracked over 5 years): 40% 
increased rate of diagnosis overall (60% 

increase for females, 25% for males)

More interesting data from insurers....about 
which patients do not recover as well

Overall PCS rates up from 7.3% to 13.2% 
(81% increase) from 2010 to 2015, with 

most of the increase coming from females.

Older age group (20-64) have experienced 
the largest increase in non-resolving PCS 
patients, more of which tend to be female 

(matches what we see clinically).

Some other tragic literature that you may not be aware of...



What are the main interventions for concussion currently?

• Rest (2 weeks to 6 months depending on what you read!)

• “Nothing can be done” (nonsense)

• VRT (Vestibular Rehabilitation Therapy)

• Physiotherapy for neck / back

• CBT (Cognitive Behavioral Therapy, infancy)

• Medications (headaches, depression, anxiety)

• Hormone work (very few doing)

Visual system virtually off the radar....despite 40% of the brain 
being primarily visual machinery!!

Data in children (and pre-existing stats!)
2016 Study (n=100, ages 11-17)

“In all, 46% of patients had more than one vision 
diagnosis...69% had one or more vision issues present”

VDR, 2017; 3(2), 75-88

“On average, approximately 18% of varsity athletes had 
significant visual issues at BASELINE”

Likelihood of oculomotor dysfunction in concussion

“presence of oculomotor dysfunction...on average 10.72x 
more likely to have previously suffered a concussion...”

How exactly does VISION fit into concussion?

Vision

Vestibular

48 days GESTATION Neck: 3.5 months post-birth

4 months post-birth

Proprioception 
(SCM function)

VOR

VCR & VSR
SC & Pulvinar pathway

(under-researched!)



Cerebellum: How does visual input factor in?

“Purkinje cells, which are the main efferent cells of the cerebellum, are found in the cortical 
region of all three cerebellar components (see Figure 1 and 2). These cells essentially project 

back to the structures from which they receive neural input. Visually related information, 
proprioception and vestibular input are cross-referenced through neural interactions 

between these three areas forming the basis for maintaining equilibrium, balance and fine 
motor control….this neural integration is vital for fluent and accurate eye movements”.

Richard Jan Bruenech, PhD (Norway) 
UNDISPUTED expert in human anatomy!

Dr. Bruenech in Montreal 2017: “The visual system is 
unique in that it has a 1:1 connection in the cerebellum, 

something that is unmatched by either vestibular or 
proprioceptive input to the cerebellum. 1:1 connectivity 
in the cerebellum is as close to anatomical perfection as 

possible, there is literally no degradation in signal”

Saccadic integrity a reflection of PA integrity?

160 (100T, 60N degrees

60

65-70

Oval area = 15,000 deg sq
Fovea = diameter 8 degrees = 50 degrees sq (approx)
Therefore fovea represents <4% of the AREA of the total visual field
Retina 32mm from ora to ora horizontally (area is 1094mm2)
Diameter of fovea from foveal rim to foveal rim = 1.5mm

• 127 million photoreceptors at retinal level (120 million rods, 7 million cones)
• 1.22million retinal ganglions cells (1m P-cells, 200,000 M-cells, 20,000 IPRCs)
• 35:1 P:M at fovea, drops to 5:1 @ 15 degrees eccentricity (7-fold increase 15 deg)
• M-system less redundancy (i.e. 50k cells “short-wiring” more of issue in M-system)

M:P contrast gain = 60:15 = 4:1

At least 40% of 
the brain is 

visual!

Lets take a look at M-cells versus P-cells...

127 million photoreceptors

1.2 million ganglion cells / eye
(compare to 30,000 / ear)

40% of the brain is visual 
(Felleman & VanEssen, 1991)

1 million P-cells 200,000 M-cells 20,000 IPRCGs

High spatial freq (detail)

Not overly sensitive to motion

Relatively low contrast gain (1:1)

Relatively small receptive fields

Low spatial freq (peripheral)

Very sensitive to motion / flicker

Relatively high contrast gain (M-cells about 6:1)

Relatively large receptive fields

Strong pineal gland 
connection 

PHOTOPHOBIA!

VISUAL MOTION HYPERSENSITIVITY

Streff: “Photosensitivity is 
light that you can neither 

organize nor ignore”



How influential is peripheral vision on balance? 
Short answer....VERY! When vision collides with other sense...usually 

VISION WINS....but when dysfunctional vision wreaks havoc!

Copyright Dr. Quaid 2013

After in-office 
vision 

therapy....prisms 
no longer 
required! 

Note: Saw 
“20/20” at all 

times!

Live qEEG with a psychology team recordings....watch the data

High Beta 
= Inability 
to relax, 

high state 
of stress

High Delta 
= ADHD, 

depression, 
memory 

issues 



The Dorsolateral Prefrontal Cortex (DLPFC): 
Anatomical overlap significant between saccadic eye movements 

and working memory...and of course area MT implicated

“The DLPFC is the highest cortical area that is 
involved in motor planning organization and 

regulation.....it is one of the most recently evolved 
parts of the human brain.....it undergoes a 

prolonged period of maturation which lasts until 
adulthood”.

What else can we use the peripheral system for?

160 (100T, 60N degrees

60

65-70

40% of the brain is visual!

A supposedly “constant esotrope” fuses? Huh? 
Which system do you think we tapped into? the 
94% of the visual field.......or the 6% of the acuity 

field?

VOR reflex....needs to be 98% accurate to avoid Sxs! Note: How text is reported to appear in mTBI 
Distortion of central / peripheral integration?

Where is the “distortion”, yup - in the PERIPHERY! Patient still sees 
“20/20” yet tracking and eye movements are a mess. This is why we 
need to think about vision from a different perspective.  After all, the 

mind is like a parachute, only of use when OPEN (Frank Zappa)



As an aside....I think we explained motion sickness and also 
why scopolamine works!

Vision

Vestibular Proprioception 
(SCM function)

What is more likely happening: 
VOR “gain” is fluctuating less as 
the accommodative system is 
more quiescent (i.e. the 500lb 

gorilla is sedated!).

Remember the 3 legged stool analogy? 
Well, it is a 2-way street….you need the other legs also!

“Bigger muscles can teach smaller muscles 
how to move / stabilize more effectively” - 

WC Maples

I needed to learn more...I needed to 
get outside the “eyecare bubble”!

• Hormone function and concussion (MD, OB/GYN background), how important?

• How exactly the neck and back is involved in concussion (neuro-muscular angle)? 

• How can a TMJ dentist majorly help my patient to SLEEP (DDS, TMJ only)?

• How a COLLABORATIVE neuro-ophthalmologist can be invaluable (MD, PhD)

• How a Doctor of Audiology (AIB certified) is an invaluable member of the team?

• Importance of a neuro-psychologist...how exactly can they help?

• Incidence 650/100,000, approx 15% remaining symptomatic at 1-yr - WHY?

• Why do some PCS patients respond (very) differently to the SAME rehab applied?

Sleep issues

Hormone 
dysfunction

Speech 
issuesNeck pain

Photophobia

Depression

Tinnitus
& auditory localization

Mental 
“fogginess”

So…how do we put all this together 
to form a proper team for rehab?

Anxiety

Aggression

Tracking issues

Memory

BalanceHeadaches

Bruxism



Let’s look at my “Sandbox” of colleagues:

Neuro-
Optometry

Neurology / 
ENT

AIB Audiologist & 
Speech Pathology

Neuromuscular / 
Cervicogenic function 

(PT/OT/DC)

TMJ DDS
NeuroPsychology

mTBI hormone 
specialist

Nutritionist

We have to be aware of the 6 subtypes

Credit: Dr. D. Zelinksy

OPTOMETRIC VISION THERAPY

“Migraine patients have an abnormal 
velocity storage mechanism” Dr. Berge

Mention of low perfusion....blood flow key!

Brain weighs 2% of body weight and yet consumes 
25-35% of the body’s oxygen and over 70% of the 

body’s glucose supply. Blood flow REALLY 
important to the brain as a whole!

Investigative Ophthalmology & Vision Science, 2013

“...low DPP appears to be a good predictor of 
progressive optic neuropathy as determined on HRT 
Topographic Change Analysis....DPP of 56mmHg or 
lower appears to represent a much higher risk of 

progression”.

Blood flow is implicated in NTG / dementia

“...low DPP appears to be a good predictor of 
progressive optic neuropathy as determined on HRT 

TCA....DPP of 56mmHg or lower appears to be a 
strong clinical indictor for higher risk of 
progression” (IOP & CCT far less so).

Remember: Brain weighs 2% of body weight and yet 
consumes 25% of the body’s oxygen and over 70% of 

the body’s glucose supply. Blood flow REALLY 
important in concussion!



General sequence and pearls.....

Assessment from 
vision, vestibular and  
cervicogenic RHCP 
(diagnosis before  

prognosis). Lenses / prisms  
ASAP with hearing aids if  

appropriate. R/O  
visual & vestibular 

 pathology

Cervicogenic Tx  
(and night guard  

to reduce bruxism) 
in conjunction with 

Vision Therapy and / or 
 VRT if deemed  

appropriate.

All interventions  
should have periodic 
re-assessment and 

QUANTIFICATION 
 of gains to achieve 

MRP but avoid  
“over-treatment”

• Migraine Pxs can be curve balls (abnormal vestibular velocity storage mechanism)

• Px with Hx of severe motion sickness / MDDS tendencies may not respond as well

• Px with connective tissue disorders (i.e. EDS) or low DPP likely poorer recovery.

• Tx to MRP (Maximum Rehab Potential), give QUANTITATIVE DATA, data driven!

• Pre-existing IEP / LD issues may mean a longer Tx plan with lower MRP prognosis.

Pearls:

Get neuropsychologist 
involved ASAP if any 
suicidal tendencies.

Consider getting hormone 
function assessed at 3-4 
month post mTBI mark

4-6 weeks

2-4 weeks rest 
post injury

Tx to MRP

VOMS testing….finally, vision is on the radar!

“..five visual domains (smooth pursuits, horizontal and vertical 
saccades, NPC, horizontal VOR and visual motion sensitivity”

We now also have imaging data!

“The significant change in blood-oxygen level dependant response 
in the occipital areas following rehabilitative vision therapy…. 
suggests that both depth and vergence may be enhanced..”

An aside: Best way to treat concussion in sports = try to prevent it!

“During the 2006-2013 seasons...41 sustained concussions. Average 
for whole group was 5.1 /100 per “player seasons”. However, in VT 

group only 1.4/100 cases reported as opposed to 9.2/100 per “player 
seasons” in the non-VT group....the decrease in injury frequency in 
the VT group was associated with a decrease in missed play time..”

Sample size (total) = 365 (2015 publication)
(about 50/50 between VT and non-VT)



Rehabilitative VT is gaining research ground...rapidly!

“CI and AI were the most common diagnoses....vision 
therapy had a successful outcome in the vast majority 

of cases that completed treatment protocol”

“These visual problems...can be remedied 
by a range of visual interventions: lenses, 

prisms, occluders, tints and vision therapy” 

Rehabilitative VT also works overall for reading and concussion

“Oculomotor based visual rehabilitation (OBVR) had a strong 
positive effect on oculomotor control, reading rate and overall 

reading ability. This oculomotor learning effect suggests 
considerable residual neuroplasticity following mTBI”....

Allied Health Professionals are taking note!

“Other functional vision changes should be given consideration 
for referral to a qualified optometrist specializing in neuro-

optometric rehabilitation for vision therapy”

Published in Jan 2019 (MD PhD and Optometry PhD)
THIS IS ESSENTIALLY A CONSENSUS BOOK! 

“...vision problems can impede the OVERALL 
rehabilitative plan and for the most part, the 

optometric community has embraced this arena....”



“I am not an OD / I do not do VT” 
You still have a duty to detect and refer! 

Do not treat in the ABSENCE of a formal DIAGNOSIS
(should be common sense, no different than for a retinal issue!)

At the very least do three high yield screening tests

1. NPC testing (watch symptomatology during testing, not just about the number)!

2. BDT testing (grating sensitivity) - see next slide, reaction will be instant. 

3. BIVSS (Brain Injury Vision Symptom Survey, validated via publications for mTBI)

BIVSS Questionnaire 
(Brain Injury Vision Symptom Survey)

Any score 32 or higher warrants a through oculomotor work-up

Laukkanen et al., Optometry & Vision Science, 2016

Excellent Test-Retest characteristics

BDT test (5 second test!)

VTODs have several metrics (both oculomotor and visual processing 
based) with normative data that VT ODs can use for assessment and 
progression determination in rehab….we have very powerful tools!

Think of the advantage from a medico-legal standpoint. 
We can not only “prove” injury but can also just as 

importantly show progress (or not) in rehabilitation!

On the horizon: Pupil reflexes and free space eye tracking

Remember: Detection is the EASY part, TREATMENT 
is the challenging part - get an “A-Team” in your 

corner and ensure there is a VTOD involved!

If we can have a truly objective test of impairment we can eliminate 
the “doubt” that often insurers have with these cases (i.e. are they 
REALLY injured etc) but be careful that you are also not trying to 

“build a spaceship to cross the road”!

• Useful to a point, but can be VERY high cost and what does the data MEAN?

• Garbage in = Garbage out (how accurate exactly - what is gold standard)?

• Measurement meaningless without CONTEXT (other findings. normative data?)

• Should never be used in the absence of a FULL visual examination!



A quick word on PATHOLOGY...some basic neuro-rules 
Remember these to keep you “out of trouble” 

(i) VF / careful ONH exam (ii) Pupils (iii) Eso-deviation at distance

• Basic rule:  Any new deviation with 
an eso-component greater at distance 
than near with recent onset diplopia 
after about 6 yrs old....get IMAGING!

• Check VFs!

• Contrast Sensitivity OD & OS!

•  Check pupils!

• Check ONHs!

ODs have to be mindful of these rules - another 
reason to have the VT OD overseeing the visual angle!

Some other tragic literature that you may not be aware of...

Recommended reading

My DIRECT e-mail: drpq@vuetherapy.ca

Coming Sept 2019 “The difference between an average healthcare professional and 
an excellent one is that the excellent one knows when to get 

others involved” Dr. Eric Singman MD PhD 

TRANSLATED = LEAVE THE EGOS AT THE DOOR! 
At the end of the day, the patient does not care about our titles, 

only whether we can help them!

What have I ultimately 
learned from my colleagues?

Neuro-visual rehab 
is literally all we do!


