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George Morris MD 

Tracy Arduser, PT

Concussion: 
Is it all in your head?

Objectives and Disclaimer

 Recognize signs and symptoms of a concussion.

 Identify the four areas that should be included in a 
comprehensive concussion assessment.

 Recognize treatment options based on clinical 
presentation.

 We have no commercial conflicts and may discuss off label uses and 
nutritional supplements.
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Overview

 Definition

 History

 Sports changes 

 Incidence and prevalence

 Evaluation and management

 Treatment

 Updated research

Definition

 Concussion is a brain injury caused by a direct or indirect external 
mechanism with a clear temporal link to onset of symptoms.

 Other medical conditions (e.g., heat illness, exertional migraines), 
including preexisting conditions must be excluded

 Generally accepted as showing no sign of brain injury on typical 
imaging studies

 Shear forces and axonal injury may create biochemical changes in 
the brain 

 Several common features that may be utilized in clinically defining 
the nature of a concussive head injury include: 

 Mild Traumatic Brain Injury (mTBI) is becoming the preferred term 

5th international conference on concussion in sport, Berlin, Published April 2017; AAFP, April 2, 2019
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Mild 
Traumatic 
Brain Injury 
Among 
Children

 Acute brain injury resulting from mechanical energy to 
the head from external physical forces including: 1 or 
more of the following: 

 confusion or disorientation, loss of consciousness for 30 
minutes or less, post-traumatic amnesia for less than 24 
hours, and/or other transient neurological 
abnormalities such as focal signs, symptoms, or seizure; 

 Glasgow Coma Scale score of 13-15 after 30 minutes 
post-injury or later upon presentation for healthcare.

 Standardized Assessment of Concussion (SAC) is not 
adequate as a standalone test in children ages 6-18 (or 
adults)

Pediatr  .2018;172)11:( e182853. doi:10.1001/jamapediatrics.2018.2853

American Association of Neurological Surgeons

 Concussions and Head Injuries

 The Skull and brain anatomy 

 Microscopic damage to the brain cells 
without obvious structural damage visible. 

 Severe TBI cases, the brain tissue can begin 
to swell. 

 Primary edema or second impact syndrome 
in mTBI
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History

papyrus scroll with 10 cases of head 
injuries with neurologic sequelae

2000 BC

18 deaths and 159 serious injuries from 
college football within 10 years of the 
first game between Harvard and the 
University of Pennsylvania in the early 
1880s (Harrison 2014). 

early 1880s

Hunter and Hughlings added the 
concept of post-traumatic amnesia to 
the loss of consciousness and this 
became a tool to assess severity in the 
19th and early 20th century

19th and early 20th

Century

Newspaper article creates parallel for 
dangers of concussions and head/neck 
injuries in 1905 and the danger today. 
President Roosevelt called conference 
and supposedly threatened to outlaw 
football

1905

Denny-Brown and Russell showed 
experimental model of sudden, 
transient, traumatic disturbance of 
brain function with macro or 
microscopic changes

1941

History

Modern gladiators: Jerry Jones tells 
ESPN that he would push Troy 
Aikman to ignore concussion 
symptoms during playoffs. Aikman 
would later retire because of 
concussions. 

2000

Diagnosis of cerebral traumatic 
encephalopathy (CTE) was identified 
from postmortem studies

2002

Marked increase in brain trauma 
caused by blasts from improvised 
explosive devices

2006

An NFL-commissioned survey finds 
former players suffer Alzheimer's and 
dementia at a rate 19 times higher 
than for non-players between the 
ages of 30-49. The NFL calls the 
study inconclusive.

2008

NFL agrees to pay out $765 million 
to settle lawsuit from thousands of 
players, claiming that the NFL hid 
dangers of game while profiting 
from the violent sport.

2013
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How 
Common are 
Concussions?

It is estimated that as many as 3.8 million 
concussions occur in the USA per year during 
competitive sports and recreational activities; 
however, as many as 50% of the concussions may 
go unreported. (1)

World Health Organization (WHO) has estimated 
the occurrence to be more than 6 per 1000 (2) 

Defense and Veterans Brain Injury Center has 
recorded nearly 400,000 concussions in our armed 
forces between January-2000 and June-2018

Falls
40%

Struck By/Against
16%

Motor, Vehicle, Traffic
14%

Assaults
11%

Unknown/Other
19%

CAUSES OF CONCUSSION 

National Center for Injury Prevention and Control - CDC
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SIGNS & SYMPTOMS OF A CONCUSSION
SIGNS AND  SYMPTOMS  OBSERVED SIGNS AND  SYMPTOMS  REPORTED

•Appears dazed or stunned •Headache or “pressure” in head

•Is confused about assignment or position •Nausea or vomiting

•Forgets an instruction •Balance problems or dizziness

•Is unsure of game, score, or opponent •Double or blurry vision

•Moves clumsily •Sensitivity to light

•Answers questions slowly •Sensitivity to noise

•Loses consciousness (even briefly) •Feeling sluggish, hazy, foggy, or groggy

•Shows mood, behavior, or personality changes •Concentration or memory problems

•Can’t recall events prior to hit or fall •Confusion

•Can’t recall events after hit or fall •Just “not feeling right” or “feeling down”

Evolution of Care
THEN NOW

A player took a hard hit and got their bell 
rung. The coach would ask them what day 
it was, check their pupils, and ask them 
if they knew the score. If the eyes looked 
good and they answered the questions 
correctly, the player was sent back into 
the game.

Players are pulled out of the game if a 
concussion is suspected and they are able to 
return to play when they are cleared by the 
proper health care professional.

Coaches, players and fans celebrate great 
hits regardless of the outcome of the 
player’s physical health.

Football players are instructed to tackle with 
their head up. NFL players are penalized and 
fined when hitting a defenseless player. NCAA 
football requires players who target and 
contact defenseless players above the 
shoulders to be automatically ejected from the 
game and the team suffers a 15 yard 
penalty. USA hockey has increased the initial 
checking age in youth hockey from 12 to 14 
years old. Players are not allowed to check 
before that. US soccer has banned heading the 
ball for any player under 11 years old.
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Evolution of Care
THEN NOW

Parents were instructed to wake their children 
with suspected concussions every hour.

If athlete is suspected to have suffered brain trauma 
they are evaluated by a doctor at the first opportunity. 
There is no reason to wake up the athlete every hour 
for a concussion. The goal now is to get the athlete 
back to their normal sleep pattern to support 
recovery.

Concussions were graded on a scale. The doctor performs an exam that details medical 
history, signs and symptoms of concussion, loss of 
consciousness, amnesia, and conducts a cognitive 
exam.

Providers recommended complete physical rest 
and cognitive treatment and spending time in a 
dark room, sometimes for months on end.

New research is revealing that doctors are moving 
toward a more proactive form of treatment – “Active 
Recovery”. Treatment looks at the neck muscles, 
cervical joints, balance, vestibular vision, stress and 
cognition.

An Evidence-Based Guide to Assessment

Does My Patient Have a 
Concussion?
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*OTHER FACTORS TO CONSIDER:  Head/Scalp hematomas or lacerations, not acting ‘normally,” known 
coagulopathy or bleeding disorders (blood thinners), seizure, new focal neurologic deficit, visual deficits, neck 
pain, drug or alcohol intoxication, associated injuries, post-traumatic amnesia
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Risk Factors

Demographic Risk Factors Medical Risk Factors Injury Risk Factors

• Female sex • History of previous concussion • Severe impact

• Advanced age • History of prolonged recovery • Double impact

• History of mood or anxiety 
disorder

• Duration of initial symptoms

• History of migraine headaches
• Major visual symptoms soon 

after injury

• ADHD, learning disabilities, IEP 
or 504 Plan

• Ocular history

• Motion Sickness

Symptom Screen

19

20



10/3/2019

10

Physical Exam

COGNITIVE BALANCE VESTIBULAR/OCULAR NEURO/MUSCULOSKELETAL 
AS GUIDED BY SYMPTOMS

Cognitive Assessment
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Vestibular/Ocular-
Motor Screening 
(VOMS)

Source: https://www.natafoundation.org/wp-content/uploads/Foundation-VOMS.jpg
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Is it a concussion?

Now what?

Initial Concussion Care Plan
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Initial Concussion 
Care - Brain Rest

 Physical and cognitive rest are 
critical in the first few days—
therefore, recognition of 
concussion is crucial

 “Rest” does not cure all 
concussions

 After initial rest period, active 
treatment protocols involving 
academic/work 
accommodations, 
pharmacological management, 
physical, psychological, 
vestibular, and/or vision 
therapies may be indicated

Push through 
the 

pain/symptoms

Immediate 
return to 
classroom

Immediate 
return to play

Immediate rest 
followed by 

“Active 
Recovery”

Minimize 
education/work 

time lost

Stepwise return 
to activity and 

sport

Dark Room

Complete 
cognitive rest

Excessive 
physical rest

Symptom Management Pendulum
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Typical Recovery Time

Most symptoms following a 
concussion resolve in a short period 
of time, typically within days or 
weeks even without treatment. 

Lovel, Collins, Iverson, et al., 2004; McCrea, Guskiewiz & Marshall, et al., 2003).

Prolonged Recovery
 Those with concussion symptoms lasting longer than 3-4 weeks

 Risk factors for a prolonged recovery
• History of prior concussion
• Attention deficit/hyperactivity disorder and learning disability
• Mood disorders (depression, anxiety)
• Migraines
• Age:  Younger = increased challenges Elderly = also increased 
• Sex: females are more likely to have a prolonged recovery
• History of Visual/Ocular impairments
• Motion sensitivity

 Unidentified “sleeper” issues - problematic

Scopaz KA, Hatzenbuehler JR. Risk Modifiers for Concussion and Prolonged Recovery. 
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Top symptom predictors 
of prolonged recovery 

(>3 weeks)

 Foggy – distracted, fuzzy, 
“not-right”

 Difficulty concentrating

 Vomiting (delayed)

 Dizziness

 Nausea

 Headache: Post-Traumatic 
Migraine

CJSM 2009: Lau, Lovell, Collins

Clinical 
Trajectories

31

32



10/3/2019

16

Trajectories

Cervical

 Symptom management 
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Cervicogenic 
Dizziness

Cervicogenic dizziness can be defined as 
the presence of dizziness, imbalance or 
unsteadiness related to movements or 
position of the cervical spine or occurring 
with a stiff or painful neck. Abnormal 
afferent signals from the neck can create 
various sensations of altered orientation 
in space and disequilibrium. Dizziness 
with cervical spine dysfunction frequently 
results from flexion-extension injuries 
such as a whiplash injury.

Cervicogenic Dizziness
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Trajectories

Post-Traumatic 
Migraine

• Wear ear plugs/headphones as needed
• Avoid long bus/car rides
• Avoid noisy environments
• Wear hat/sunglasses as needed
• Adequate hydration
• Proper sleep hygiene
• Walking Program
• Work closely with medical provider to 

determine if medication or additional 
treatment is indicated
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Trajectories

Changes in 
Emotions and 
Behavior

 Can be common

 Person is often not aware

 Often a result of BOTH the brain 
injury as well as dealing with the 
changes 

 This can be one of the most 
difficult things for both the 
patient as well as those around 
them
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Emotional and Behavioral Changes

EMOTIONAL REACTIONS BEHAVIORAL CHANGES

Depression Apathy or Reduced Motivation

Anxiety Emotional Lability 

Fear Increased Irritability

Frustration Restlessness/Agitation 

Mood Swings Difficulty Relating to Others

Self Criticism

Isolation

Guilt and Shame

Grief and Loss

Mood/Anxiety

 Proper sleep hygiene

 Walking Program

 Promote peer/family support to minimize feelings of 
isolation

 Regular check-ins

 Support and encouragement to communicate increased 
symptoms and/or challenges

 Encouragement to listen to their body, but reassurance 
that some tasks/activities may briefly increase symptoms 
on the road to recovery

 Work closely with medical provider to determine if 
medication or additional treatment is indicated
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Trajectories

Cognitive/Fatigue

 Shortened day

 Scheduled breaks

 Additional breaks as needed based on symptoms

 Decrease cognitive demand (decreased or modified 
assignments)

 Allow additional time to complete assigned work

 Notes and instructions provided in writing

 Avoidance of over-stimulating environments

 Adequate hydration

 Good sleep hygiene 

 Academic/work accommodation plan
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“Gas Guzzlers”

 Talking

 Visually stimulating 
environments

 Driving

 Tasks that require 
“filtering”

 Cognitive tasks requiring 
attention and processing

Cognitive/Fatigue  Strategies to assist/compensate for deficits in 
attention, memory, problem solving, 
comprehension, verbal retrieval, etc.

 Education regarding etiology and impact of brain 
injury

 Management energy management strategies

 Development of strategies to maximize 
independence

 Return to LIFE
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Trajectories

Initial Accommodations
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Vestibular/Ocular
 3 Sensory Inputs:

• Somatosensory
• Vision
• Vestibular

 Impairment occurs when 
the person is unable to 
utilize all three sensory 
inputs appropriately to 
maintain postural control

 Frequently one of the first 
symptoms noted and often 
one of the most limiting 
(dizziness, imbalance, 
nausea)

Somatosensory

conscious perception of touch, 
pressure, pain, temperature, 
position, movement, and vibration
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Vision 
• What our eyes tell us about our world

Signs and Symptoms of Ocular Dysfunction

 Headaches with reading/writing

 Words slide together or get blurry

 Print “swims” or appears 3D

 Tilts head or closes an eye when 
reading

 Loses place or skips words 
frequently when reading

 Dizziness or nausea when reading

 Hard to pay attention and stay 
focused when reading or doing 
close work

 Burning, itching, or watery eyes

 Difficulty with comprehension 
and recall

 Assignments/close work takes 
longer

 Bumps into things, knocks 
things over, more accident 
prone, clumsy

 Moves slowly, holds onto the 
wall when walking, going up 
and down stairs
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What might cause these symptoms?

 Decreased acuity (ability to see clearly at all distances)

 Decreased oculomotor skills (eye movement)

 Decreased accommodation (ability to change focus between varying 
distances)

 Decreased binocular vision (ability to fuse image from the right and 
left eye into a single image)

 Phenomenon of “focal binding,” or over focalization

 Reactive vs. Proactive - Anticipatory effect of vision and motor is 
compromised 

 Lack of automaticity - Movement becomes conscious and isolates 
function 

 Visual Chaos – Difficulty moving in busy environments 

Focal Vision

• “WHAT”

• Almost exclusively visual

• Typically involves 
attention/focus

• Impacted by acuity and 
lighting

• More central vision

Ambient Vision

• “WHERE”

• Works in concert with the 
vestibular, somatosensory, and 
auditory senses to assist with 
spatial orientation, posture, 
and gaze stability 

• More reflexive

• Fight or Flight

• Less dependent on acuity and 
lighting  

• Work best in the peripheral 
visual field – the bigger area 
the better

* Both systems must work together 
to maximize function
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Some examples…

Balance and Vestibular Impairments

Benign Paroxysmal Positional Vertigo (BPPV): Movement-specific dizziness 
associated with looking up, bed mobility, sitting up and/or lying down

Vestibular-Ocular Reflex (VOR) Impairment: Inability to maintain focus on a 
stationary object while moving head, resulting in loss of visual focus or dizziness

Visual Motion Sensitivity: Heightened awareness or abnormal sensitivity to visual 
and vestibular interaction

Balance Impairment: functional deficit often resulting from decreased 
coordination between somatosensory, visual and vestibular systems
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Treatment

 Canalith Repositioning 

 Gaze Stabilization 

 Vestibular Therapy

 Visual Efficiency Training / 
Vision Therapy

 Corrective Lenses—near, far, 
astigmatism

 Prism Lenses—compensatory 
and therapeutic

 Selective Occlusion

 Filters and Tinted Lenses

 …and more
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Exertion Testing

 Balance

 Cardiovascular Activity

 Exercises to Stress the 
Vestibular System 

 Sport/Work Specific 
Activity
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Risk Reduction
 Sports

 Rule Changes
 Equipment
 Proper Skill Techniques

 Motor Vehicle Accidents
• Avoid Distractions
• Seatbelts
• Wearing helmets: motorcycles

 Falls
• Caution on slippery surfaces
• Use of assistive devices (walkers, canes)

 Work Place
• Follow rules and guidelines
• Monitor for faulty equipment
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Is “Pre-Hab” the 
answer?

 "We have identified neck strength, size and 
posture as potential factors that reduce risk by 
lessening the magnitude of force upon impact. 
Thus, increasing neck strength and possibly 
size could substantially reduce risk or severity 
of injury or outcomes," Brown said in a 
university news release.

 For the study, her team reviewed previous 
research on the relationship between sports-
related concussion risk and neck strength, size 
and posture.

 A neck that is stronger, thicker or in a forward 
posture -- ears ahead of rather than aligned 
with the shoulders -- may reduce the amount 
of energy transferred to the brain during an 
impact, reducing the risk and severity of 
concussion

 cervical spine biomechanics may be a 
modifiable factor in reducing SRC risk

Vision Training for Concussion Prevention

 Vision training can be used as a supportive component to 
concussion prevention strategies.

 It produces functional and performance changes for 
concussion prevention

 This may include vision boards, Brock String, reaction 
time, hand eye coordination, peripheral awareness, depth 
perception, contrast sensitivity, dynamic visual acuity

J Vis Exp. 2015 May 5;(99):e52648. doi: 10.3791/52648.
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EyeBOX Concussion Assessment

The EyeBOX device is easy to use. In under 4 
minutes, Oculogica’s proprietary technology 
collects and analyzes over 100,000 data points 
to generate an objective assessment that is 
unique to each patient.

The EyeBOX device heralds a new era for 
concussion assessment: one that is baseline-
free, objective and personalized, and 
available to all levels of literacy, in any 
language.

Brain Gains: Neural Analytics Makes Waves 
With Portable Brain Scan Headset
The headset uses machine learning to pinpoint brain disorders based on patterns in the 
data it gathers, company executives said. That makes it possible for the device to much 
more quickly identify the severity of a stroke, for example, and to alert doctors.
It also holds potential for use in diagnosing concussions, migraines, brain bleeding and 
dementia although those applications are pending approval.

BrainScope One
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The BNA™ Platform - elminda

 elminda’s BNA™ platform provides a non-
invasive tool for the visualization and 
quantification of BNAs (Brain Network 
Analytics) of specific brain 
functionalities. 

 By comparing a patient’s test results to 
their previous healthy-state baseline – or 
to a Reference Brain Network Model 
(RBNM) generated from an extensive 
population database – BNA™ can give 
physicians a unique perspective on brain 
function not available through traditional 
methods

 Neurological Pupil Index (NPi) 

 Maximum and Minimum Pupil Size 

 Maximum Constriction Velocity 

 Average Constriction Velocity 

 Percent Constriction 

 Constriction Latency 

 Inflation Velocity 
Pupillometer

69

70



10/3/2019

35

PupilScreen

detect changes in a pupil’s response to light using a smartphone’s video 
camera and deep learning tools — a type of artificial intelligence — that 
can quantify changes imperceptible to the human eye. (Pupillometer)

Measures cognitive changes via quantitative pupillometry—an emerging method for 
classifying concussions that analyzes digital video recordings of an individual’s eye(s) in 
order to measure pupil size and light sensitivity (pupillary light reflex, or PLR). 

Changes in pupil response have been correlated with brain stem and hypothalamus 
injuries, blast-induced mTBIs, non-blast induced mTBIs, neurodegenerative diseases, and 
conditions affecting cognitive capacity. 

Quantitative pupillometry shows significant improvement in the ability to track cognitive 
changes and rapidly monitor a patient in an objective manner
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Take Home Messages
 Heterogeneous injury  

 This injury is manageable

 Not a one-size fits all problem

 Symptoms differ with each person and injury

 Symptoms may not be noticeable for hours, days or weeks

 Symptoms can vary from mild to severe and therefore subtle symptoms/changes 
should not be dismissed

 Physical and/or brain activity may cause symptoms to reappear or get worse

 Comprehensive assessment leads to treatment of appropriate clinical trajectories

 Multi-disciplinary treatment approach 

 Failure to recognize and manage appropriately can lead to protracted recovery 
and life changing effects
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Concussion Management Team

 Primary Care Providers

 Sports Medicine 

 Physical Medicine and Rehabilitation

 Chiropractors 

 Rehabilitation: Physical Therapy, 
Occupational Therapy, Speech 
Therapy

 Athletic Trainers

 Neurology

 Neuropsychology 

 Optometry/Ophthalmology

 Neuro-Optometry 
(Behavioral/Developmental 
Optometry) or Neuro-
Ophthalmology

 Psychiatry/Psychology

 Social Work

 School/Work Place

 Patient and Family

Team Effort

In order to maximize healing, 
facilitate efficient cognitive 
functioning, and minimize the 
potential for lasting post-injury 
dysfunction, it is vital for EVERYONE
to work together to assist in the 
recovery journey

Patient

Family
Immediate 

and 
extended

Health Care 
Professionals

Employers  
or

Educators

Community 
Resources
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THANK YOU!
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