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TRAUMATIC BRAIN INJURY (TBI) /
CONCUSSION DEFINITION:
A disruption in the normal function of the brain that
can be caused by a bump, blow, or jolt to the head,
or penetrating head injury. Most TBIs that occur
each year are mild, commonly called concussions.
Centers for Disease Control and Prevention

Many visual dysfunctions experienced by brain injured patients result from diffuse axonal
injury from stretch and shear forces, which are often not evident on traditional imaging
studies like magnetic resonance imaging (MRI) and computerized (CT) scan.

Some Facts About Concussion
• 150,000 Ontarians experience a concussion each year (Ontario
Neurotrauma Foundation, July 2019)
• F > M in soccer, basketball, baseball/softball, ice hockey
• Approximately 85% recover after 7-10 days, however...
• Recovery longer if:
•
•
•
•

History of ADHD, anxiety, depression, or learning disability
Injury occurrence during Luteal phase for females (more severe symptoms)
Prior history of concussion
Delay in treatment

Concussion Risk in Sports
Epidemiology of Head Injuries Focusing on Concussion in Team Contact Sports: A
Systematic Review – Prien et al., 2018 *number per 1000 AE (Athletic Events)
Adult – Game Play

Adult – Practice

Youth Sports (<18)

1. Men’s rugby (3.0)

1. Men’s rugby (0.37)

1. Rugby (4.18)

2. Men’s American football (2.5)

2. Women’s ice hockey (0.31)

2. Ice hockey (1.20)

3. Women’s ice hockey (2.27)

3. Men’s football (0.30)

3. American football (0.53)

4. Men’s ice hockey (1.63)

4. Women’s soccer (0.13)

4. Lacrosse (0.24)

5. Women’s soccer (1.48)

5. Men’s ice hockey (0.12)

5. Soccer (0.23)

6. Men’s soccer (1.07)

6. Men’s soccer (0.08)

6. Wrestling (0.17)
7. Basketball (0.13)
8. Softball/field hockey (0.10)
9. Baseball (0.06)
10. Cheerleading (0.07)
11. Volleyball (0.03)

True or False?
1) The degree and type of visual
dysfunction from a concussion depends
on where the head was hit.

FALSE

2) Concussion can only occur when there
is direct impact to the head.

FALSE

3) The best practice for acute concussion
is to lie in a dark, quiet room for two
weeks or until symptoms completely
resolve.

FALSE

The Visual System
Vision is much more than the ability to see 20/20 on a letter
chart.
The visual process is not as simple as:
Light → Retina → Optic Nerve → Visual / Occipital Cortex

Neurology of the Visual System
Occipital Lobe (primary visual cortex, conscious vision, detailed
vision, identification of what we are seeing)
Parietal Lobe (spatial consciousness affecting position awareness,
matches vision, auditory, and tactile sensory information)
Temporal Lobe (establishes auditory information about space and
detail to match with spatial visual information, object recognition)
Frontal Lobe (initiates voluntary saccades and pursuits, visual
decision making regarding fixations and ocular motility)
Midbrain (Superior Colliculus organizes ambient visual spatial
processes, feed-forward to the entire cortex, matches with
sensorimotor information, receives input from brainstem,
cerebellum, vestibular system, occipital cortex, and thalamus,
provides output to occipital cortex, frontal lobe, parietal lobe,
thalamus, cerebellum, and vestibular system)
Brainstem (input from spinotectal tract for sensorimotor
information, control of autonomic functions, trunk stability, early
reflexes for sensorimotor organization, attention/alertness, output
to midbrain, frontal, parietal, and temporal lobes)
Retina (neural tissue involved in visual processing)

Felleman and Van Essen, 1991

The Visual System: Bi-Modal
CENTRAL / FOCAL VISION (PARVOCELLULAR, slower process):
• seeing fine details
• identification of what we are seeing
• conscious vision
PERIPHERAL / AMBIENT / SPATIAL VISION (MAGNOCELLULAR, faster process):
• peripheral range versus peripheral awareness
• motion processing system
• information about our surroundings, where we are in space, where objects are
relative to us, and how we would like to move through space.
• established by an interplay between vision, proprioception, posture, and
vestibular systems. This is pre-conscious and anticipatory.

• 23 post-concussion patients with new visual dysfunctions (by physical exam or symptoms)
3 days to 11 months post injury and 30 healthy controls with no history of concussion
• Comparison of central and peripheral reaction times with Dynavision (D2)
• Results:
mean CVRT for P/C group was 0.063 sec longer than control group
mean PVRT for P/C group was 0.137 sec longer than control group
within control group: difference bw CVRT and PVRT: 0.046 sec; 15% difference bw C to P
within P/C group: difference bw CVRT and PVRT: 0.120 sec; 33.6% difference bw C to P

MIDBRAIN
VISION
VESTIBULAR
AUTONOMIC

AUDITORY
PROPRIOCEPTION

Symptoms of Post-Trauma Vision Syndrome (PTVS)
Dizziness
Balance problems
Motion sensitivity
Light sensitivity
Blurry vision (with/without movement)
Double vision
Peripheral vision problems
Headaches
Depth perception issues
Discomfort with reading (e.g. losing place, re-reading, word movement/blur)
Intolerance to computer screens (brightness, scrolling)
Red, gritty, watery eyes
Discomfort with busy environments or patterns
Reduced sense of where body is in space, reduced confidence navigating
Difficulty recalling visual information, what is seen or read (visual memory)

Prevalence of Vision Deficits in TBI
RESULTS re: occurrence of sensorimotor vision conditions in a visually
symptomatic TBI sample (n = 160); 2-4 years after injury
Vision Anomaly

TBI (%)

Most commonly anomaly

Focusing

41.1

Accommodative Insufficiency

Eye tracking and scanning

51.3

Deficits of saccades

Eye teaming / aiming

56.3

Convergence insufficiency

Eye misalignment

25.6

Strabismus at near

Cranial nerve palsy

6.9

CN III, IV

Ciuffreda KJ, Kapoor N, Rutner D, Suchoff IB, Han ME, Craig S (2007). Occurrence of
oculomotor dysfunctions in acquired brain injury: a retrospective analysis. Optometry,
78(4): 155-61.

•
•
•
•
•

Reflexive saccades
Self-guided saccades
Memory-guided saccades
Antisaccades
Smooth pursuits

Result: Most significant difference
between non-TBI and mild/severe TBI:
Antisaccades and memory-guided
saccades

This study suggests the importance of
higher cognitive function that affect eye
movements after a concussion:
Working memory, response inhibition, and
visuo-spatial processing

Cross sectional study
78 athletes seen 5+/-5 days after sport-related concussion
3 NPC trials, NeuroCognitive Impact testing, and a symptom survey
Normal NPC less than or equal to 5cm, CI dx for NPC >5cm (CI present in
42% of subjects)
Those with CI performed worse on verbal memory, visual motor speed, and
reaction time, and had greater symptom scores.
•
•
•
•

• Subjects: 270 athletes with diagnosis of concussion
• NPC measured at initial office visit (average 5 days post-injury, ranged
from 1 to 21 days)
• 2 categories: NPC >6cm, NPC less than or equal to 6cm and recovery
time measured – weekly evaluations
• Recovery = SCAT3 score, physical and vestibular exam, return to school
with no restrictions
• Those with CI took 50 +/- 50 days to recover, vs no CI: 20 +/- 15 days
• No baseline – assumed NPC > 15 cm at recovery was pre-injury CI

Clin J Sport Med. 2018 May;28(3):262-267.
Near Point of Convergence and Gait Deficits in Adolescents After Sport-Related Concussion.
Howell DR, OʼBrien MJ, Raghuram A, Shah AS, Meehan WP 3rd
64 subjects , 10-18 y/o, 53% female
33 concussion: 18 receeded NPC (>5cm from nose), 15 normal NPC
31 non-concussion (normal NPC)
(exclusions: existing lower extremity injury, permanent memory loss, learning disability, developmental
delay, and Hx concussion during lifetime)
Conditions:
1. standing (EO, feet together) + cognitive task (5 letter word backwards, subtract from 2 digit number by
6's or 7's, months in reverse order from random month)
2. gait with no cognitive task
3. dual gait and cognitive task
Results:
1) All subjects better with single vs dual task (higher cadence, longer strides, faster time, less time in
double support).
2) P/C with receeded NPC: significant gait deficits compared to controls and P/C with normal NPC
(shorter strides with single and dual task gait, slower average walking speed)
3) No difference between groups with respect to cadence and double support time

Primary care testing during the standard exam
• Near Point of Convergence (qualitative and quantitative) - repeat
3x! Recovery!
• DFE (imaging); dry eye evaluation
• Eye movements: observations, King Devick / DEM
• Accommodation
• Randot Stereopsis (qualitative and quantitative)
• 120-2 VF vs 24-2 if patient can tolerate
• Check for subtle vertical heterophoria and head tilt
• Pupils: check for bilateral rebound dilation

The Neuro-Optometric Assessment
Binocular evaluation
Oculomotor evaluation
Gaze stability: visual-vestibular integration; visual-cervical integration; OKN
Accommodation
Central-peripheral integration
Spatial localization
Visual motion tolerance
Visual perception (visual memory, finding details within complex background, etc.)
Visual-verbal, visual-auditory, and visuomotor integration
Posture and gait analysis and visual midline shift testing
Pupil evaluation: autonomic dysregulation
Performance measurements vs Test measurements
Does the system fatigue easily? Do symptoms increase with tests?

Primary care considerations during the standard exam
• Lighting in exam room
• Music in office
• Staff to speak slowly to the patient
• Waiting area
• Busy visual patterns
• Touching walls when walking? Unsteady?
• Medication factors – cause of symptoms?
• Amitriptyline
• Gabapentin

Optometric Treatment Strategies
1. Dry eye treatment
2. Optical factors (lenses, prism, tints, selective
occlusion)
3. Vision Rehabilitation Program
4. Co-ordination with other rehabilitation
professionals ***

Other professionals in the village of post-concussion care
• Physiotherapy: neck proprioception and strengthening, cardiorespiratory
conditioning; vestibular rehabilitation
• Chiropractor: cervical and c-spine problems
• Occupational therapy: organization of daily life tasks, cognitive remediation, gross
and fine motor skills
• Speech language therapy
• Audiologists: auditory processing
• Physicians with expertise in brain injury: Sports medicine, physiatrists,
neurologists
• ENT
• Naturopath or Registered Dietician
• And others! E.g. RMT, Osteopaths, Neuropsychologists

Yoked Prisms – Visual Midline Shift

Yoked Prisms – Visual Midline Shift

Yoked Prisms

•
•

Gait of subjects analyzed on a pressure-sensitive mat, before and after intervention with
specifically directed yoked prisms to strategically alter visual midline (lateral, anterior or
posterior)
Statistically significant reduction in the off-midline axis error in anterior-posterior and mediallateral axes directions during ambulation with prisms

Brain Inj. 2009 Jun;23(6):566-76. RANDOMIZED STUDY
Modifying postural adaptation following a CVA through prismatic shift of visuo-spatial
egocenter.
• Padula WV1, Nelson CA, Padula WV, Benabib R, Yilmaz T, Krevisky S.
• Yoked prisms were used to treat visual midline shift by correcting posture and balance.

Colour Tints and Light Therapy
TBI: larger pupil, increased peak dilation velocity, reduced
average constriction velocity
- autonomic dysregulation, sympathetic driven
Pupil autonomic functions are closely related to
Cardiac autonomic functions
Comparison of pupillary dynamics to light in the mild traumatic brain
injury (mTBI) and normal populations.
Truong JQ, et al. Brain Inj. 2016.

Assessment of the relationship between dynamic pupillometry and
exercise heart rate recovery among healthy subjects.
Okutucu S, et al. Eur Rev Med Pharmacol Sci. 2016.

Objective Pupillary Correlates of Photosensitivity in the Normal and
Mild Traumatic Brain Injury Populations.
Truong JQ, et al. Mil Med. 2016.

Computerized dynamic pupillometry indices mirrors the heart rate
variability parameters.
Okutucu S, et al. Eur Rev Med Pharmacol Sci. 2016.

Colour Tints and Light Therapy
Coloured wavelengths affect pupil responses
Different wavelengths of light can influence heart rate
variability

Reactivity of heart rate variability after exposure to colored lights in
The effect of colored illumination on heart rate variability.
Randomized controlled trial Schäfer A, et al. Forsch Komplementmed. healthy adults with symptoms of anxiety and depression.
Choi CJ, et al. Int J Psychophysiol. 2011.
2006.

6 weeks of daily, 30 min sessions:
Pulsed blue (469 nm) or amber (578 nm)
- Adults with mTBI bw 4 weeks to 18 months
- Sessions within 2 hrs of awakening and no later than 11:00 am
Results: blue: better executive functioning, sleep patterns, and
greater thalamo-cortical functional connectivity

Bi-nasal Occlusion
• Can help with visual motion sensitivity,
balance, and scrolling on a screen
• Can improve NPC in some cases!

Ciuffreda KJ, Yadav NK. Effect of binasal occlusion (BNO) and base-in prisms on
the visual-evoked potential (VEP in mild traumatic brain injury (mTBI). Brain Inj.
2014;28(12):1568-80.
REVIEW: Ciuffreda KJ, Yadav NK, Ludlam DP. Binasal Occlusion (BNO), Visual
Motion Sensitivity (VMS), and the Visually-Evoked Potential (VEP) in mild
Traumatic Brain Injury and Traumatic Brain Injury (mTBI/TBI). Brain Sci. 2017.
Ciuffreda KJ, Yadav NK, Ludlam DP. Effect of binasal occlusion (BNO) on the
visual-evoked potential in mild traumatic brain injury (mTBI). Brain Inj.
2013;27(1):41-7.

0.5 cm wide clear tape
vertically placed

Prescribing strategies for Concussion in Primary Care
•
•
•
•
•
•
•

Dry eye therapy
Single vision vs progressives – PALS can affect VOR
Base curves as flat as possible
BB AR or FL-41 rose tint for screen and artificial lighting
Grey photochromic tint
Near correction (don’t underestimate +0.25!)
Prism:
•
•
•
•

FL-41 tint

To relieve stress at near
Order ground in, not decentered
Vertical compensatory prism (70% dec in sxs; Doble JE et al 2010)
Yoked prism for navigation/posture best left for specialized ODs to prescribe

Michaelides, E, Schutt CA. The correlation between the vestibulo-ocular reflex and multi-focal ocular correction: implications for
vestibular compensation. Am J Otolaryngol. 2014;35(5):572-6.
Green W, Ciuffreda KJ, Thiagarajan P, Szymanowicz D, Ludlam DP, Kapoor N. Accommodation in mild traumatic brain injury. J
Rehabil Res Dev. 2010;47(3):183-99.
Huang J, et.al. fMRI evidence that precision ophthalmic tints reduce cortical hyperactivation in migraine. Cephalalgia
2011;31(8):925-36.

Screen Intolerance
Screen factors:
1) Blue light
2) Flicker
3) Degree of motion (video, TV, scrolling to get through information)
4) Size of screen: larger can be more triggering due to more peripheral
demand and more flicker perception
Vision factors:
1) Poor accommodation stamina and flexibility
2) Convergence instability
3) Saccadic dysfunction
4) Visual motion sensitivity

Light Flicker

• CFF higher in mild TBI patients with motion and light sensitivity; thought to be due to
magnocellular neural disinhibition.
• Cortical excitability is correlated with glare discomfort (Bargary et al., 2015)
• LCD computer monitors typically operate at 60 Hz – like a strobe light for sensitive
patients!
• Want flicker free monitor, ie. high refresh rate (e.g. 120, 144 Hz) and/or no PWM (Pulse
Width Modulation)

Optometric Vision Therapy/Rehabilitation

Vision Rehabilitation involves training the brain to use the eyes
more effortlessly and efficiently, and integrate with other systems
more effectively.
The goal is not to "strengthen the eye muscles”!

Optometric Vision Therapy/Rehabilitation
Yadav NK, Thiagarajan P, Ciuffreda KJ. Effect of oculomotor vision rehabilitation on the visualevoked potential and visual attention in mild traumatic brain injury. Brain Inj 2014;28(7): 922-9

oculomotor vision rehabilitation improved visual function based on VEP
Ciuffreda KJ, Rutner D, Kapoor N, Suchoff IB, Craig S, Han ME. Vision therapy for oculomotor
dysfunctions in acquired brain injury: a retrospective analysis. Optometry 2008; 79: 18-22

-visually symptomatic sample of 33 persons with TBI (out of 160)
-30/33 showed reduction of at least 1 primary symptom and 1 clinical sign after
completing an optometric vision therapy program
Thiagarajan P, Ciuffreda KJ. Versional eye tracking in mild traumatic brain injury (mTBI): effects of
oculomotor training. Brain Inj 2014;28(7): 930-43

6 weeks of therapy; increased saccadic gain with subjects; no change with placebo

Am J Occup Ther.
2020;74(1):7401185050p1-7401185050p7.
Probes:
Cognitive test
King Devick: speed and accuracy of EM
Craig Hospital Eye Examination Rating Scale: severity of EM
Symptom scale
Visual scanning/search
Reading speed and accuracy test

30 min, 5 days a week x 4 weeks
Randomized: cognitive-based or
bottom up oculomotor therapy
- Bottom up therapy produced the
greatest improvement, even though
there was some improvement with
top down therapy
Conclusion: bottom up oculomotor
therapy a valuable approach for TBI
although top down can be useful.

Convergence Insufficiency Treatment Trial
A Randomized Clinical Trial of Treatments for Symptomatic Convergence
Insufficiency in Children
Published in Arch Ophthalmol 2008
211 children with Convergence Insufficiency assigned to 1 of 4 txs
Result: office-based optometric vision therapy (over a 12 week period)
supported with home reinforcement was the most effective form of
treatment with 73% improvement in at least one symptom and clinical
sign.
43% improved outcome for home-based computer therapy with pencil push
ups
33% home based pencil push ups
35% office based placebo therapy with home reinforcement

Optom Vis Sci. 2017 Jan;94(1):68-73.
Vision Therapy for Post-Concussion Vision Disorders.
Gallaway M1, Scheiman M, Mitchell GL.
• Retrospective chart review - 218 patients with dx concussion and referred to 2 optometry
practices: 56% sports, 20% MVA, 24% school/other incidents
• Mean 31 weeks post-injury (1 wk to 5 yrs)
• 21% eye movement problems; 47% convergence insufficiency, 42% accommodation
dysfunction
• 58% female
• Vision therapy was recommended to 80% of patients
• Out of 95 people who completed vision therapy (same criteria as CITT), 85% improved in
convergence, 67% improved in accommodation; clinically and statistically significant
changes in symptoms and signs
• Limitations: unmasked examiners, retrospective design, lack of control group – need large
multicenter randomized clinical trial

Conclusions: The authors' main findings suggest that there is a moderate level
of evidence that patients have impaired NPC up to several months
postconcussion, and a low level of evidence that impairments can be
successfully treated with oculomotor therapy. These findings should be
cautiously evaluated; the studies are limited by weak/moderate quality, small
sample sizes, varied methodology, and nonrandomized treatment groups.
1. No standardized NPC method
2. Convergence requires more than the eyes!
3. Need multi-disciplinary, larger, high quality studies

Conclusion
“Findings from this scoping review indicate that there are promising interventions for vision rehabilitation that include the use of
optical devices (e.g., prism glasses), vision or oculomotor therapy
(e.g., targeted exercises to train eye movements), and a combination of optical devices and vision therapy.”
There were no studies consisting of multi-disciplinary intervention – only Optometric

Vision training for team from 2010-2013
2.5 weeks pre-season, 40 min daily, then
weekly for 10 min during season
1.4 concussions per 100 player seasons
6 concussions
No vision training b/w 2006-2009
9.2 concussions per 100 player seasons
35 concussions

CORTICES
↕
MIDBRAIN
Lenses
Filters
Prisms
Binasal Occlusion
Vision Rehabilitation

VISION

VESTIBULAR
AUTONOMIC

Vestibular Rehabilitation

Cardiorespiratory conditioning
Mindfulness meditation
Sleep hygiene
Adrenal function

AUDITORY

Noise dampening ear filters
Speech Language Therapy
Auditory processing tx
PROPRIOCEPTION
Physical therapy of cervical spine
Weighted vests; tight clothes;
Balance activities with PT/OT; yoga

To specialize in neuro-optometric rehabilitation or collaborate with a
rehab OD in your area:
Vision Therapy Canada
https://www.visiontherapycanada.com/
NORA (Neuro-Optometric Rehabilitation Association)
www.nora.cc
COVD (College of Optometrists in Vision Development)
www.covd.org

Thank you!
sblanc.opt@gmail.com

