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DEFINITION OF CONCUSSION
as per Berlin Panel Consensus 2016

Sport related concussion is a traumatic brain injury induced by biomechanical forces. 

Several common features that may be utilised in clinically defining the nature of a 

concussive head injury include: 

– SRC may be caused either by a direct blow to the head, face, neck or elsewhere 

on the body with an impulsive force transmitted to the head. 

– SRC typically results in the rapid onset of short-lived impairment of neurological 

function that resolves spontaneously. However, in some cases, signs and 

symptoms evolve over a number of minutes to hours. 

– SRC may result in neuropathological changes, but the acute clinical signs and 

symptoms largely reflect a functional disturbance rather than a structural injury 

and, as such, no abnormality is seen on standard structural neuroimaging 

studies. 

– SRC results in a range of clinical signs and symptoms that may or may not 

involve loss of consciousness. Resolution of the clinical and cognitive features 

typically follows a sequential course. However, in some cases symptoms may be 

prolonged. 

– The clinical signs and symptoms cannot be explained by drug, alcohol, or 

medication use, other injuries (such as cervical injuries, peripheral vestibular 

dysfunction, etc) or other comorbidities (eg, psychological factors or coexisting medical conditions). 



PROPOSED PATHOPHYSIOLOGY OF CONCUSSION

Concussion is associated with 

autonomic dysregulation 

(increased sympathetic activity 

and decreased parasympathetic 

activity). With this cerebral 

blood flow itself is altered which 

may be why physical and/or 

mental exertion may worsen 

symptoms.  Cerebral artery 

regulation is very sensitive to 

PaCO2 and the pulmonary 

ventilation physiologic process 

which may be altered as well in 

concussion, especially during 

exertion and this hypoperfusion 

may cause secondary injury.







BIOMECHANICS: G FORCE AND CONCUSSION

*This is can be variable person to person



INCIDENCE OF CONCUSSION

Concussions in sport are a recognized public health issue because of 

their frequency and their potential short- and long-term consequences.

For example

• 64% of visits to hospital emergency departments among 10-18 year-

olds are related to participation in sports, physical activity and 

recreation.

• Among children and youth (10-18 years) who visit an 

emergency department for a sports-related head injury, 39% 

were diagnosed with concussions, while a further 24% were 

possible concussions.

• Football, soccer and hockey have all shown a greater than 

40% increase in rates of reported head injury (relative to 

other injuries) between 2004 and 2014 for children and 

youth.



INCIDENCE 



THE INCREASE IS ATTRIBUTED TO INCREASED 
AWARENESS AND TRAINING/RECOGNITION





TOP 5 SPORTS AND RECREATIONAL ACTIVITIES 
RESPONSIBLE FOR CONCUSSION AND OTHER BRAIN 
INJURY RELATED HOSPITAL VISITS



SYMPTOMS & SIGNS OF ACUTE CONCUSSION

The suspected diagnosis of concussion can include one or more of the following 

clinical domains:

1. Symptoms- somatic (eg headache), cognitive (eg feeling like in a fog) 

and/or emotional symptoms (eg lability)

2. Physical signs (eg loss of consciousness LOC, amnesia)

3. Behavioural changes (eg irritability)

4. Cognitive impairment (eg slowed reaction times)

5. Sleep disturbance (eg insomnia)





SIDELINE EVALUATION

• If an appropriate HCP is available then appropriate disposition of the player must be 

determined (the player should be taken away from any distractions to perform the exam – 1st

ensure no cervical compromise otherwise C spine precautions are needed and transfer to 

hospital)

• SCAT5 is what is recommended by the Berlin 2016 consensus but at minimum perform a 

neurologic exam and musculoskeletal exam including cervical spine examination. 

• Examine the head for site of injury 

• Examine the cervical spine exam for range of motion 

• Conduct a brief cognition and language screen during your interview 

• Examine cranial nerve 2 (pupil symmetry and reactivity),visual fields, check to ensure no optic edema is 

present 

• Examine cranial nerves 3, 4, 6 (no abnormalities in eye movements, diplopia, nystagmus) 

• Conduct a motor screen to check for pronator drift, asymmetrical weakness and symmetry of reflexes 

• Conduct a sensory exam to check that no extinction to bilateral tactile stimuli occurs 

• Test coordination such as finger to nose movements, gait and tandem gait 

• If any concerns arise (ie signs of skull #, focal neurological deficit or worsening symptoms) then 

must send to ED for CT imaging

• If no HCP, then “If  in doubt, sit them out” or if there is a need for a sideline evaluation , then they 

are NOT to RTP and should be seen by a HCP prior to RTP



WHERE DO THE INFORMATION AND GUIDELINES 
COME FROM?

4 separate conferences aimed at reaching consensus of understanding and 

management of sports concussions

• Vienna 1st 2001

• Prague 2nd 2004

• Zurich 3rd 2008

• Zurich 4th 2013

• Berlin 5th 2016











IMAGING

• No major role to play in concussion as traditional 

imaging doesn’t show any structural changes 

(functional disturbance, not structural)

• Times to image would include…

• Neurological deficit on exam

• Battle signs or signs of skull fracture

• Prolonged symptoms without explanation to rule out 

an underlying condition

• Research purposes (functional MR playing more of a 

role)



CATCH HEAD CT RULES





POST CONCUSSION INSTRUCTIONS

• If disposition is for conservative treatment, then ensure that the player 

has an escort and are not left alone as they will need serial 

monitoring for the initial few hours for deterioration (then should seek 

medical attn.)

• They are NOT to return to play

• Instruct to avoid ETOH/drugs or anything that can alter cognition

• Avoid NSAIDs or aspirin that may increase risk of bleed (and mask 

worsening symptoms)

• 2 days of ADLs/symptom limited activity  (mental and physical)

• Pt should be seen within 1-2 weeks for follow up





WHY DO WE CARE?



SECOND IMPACT SYNDROME (SIS)

A controversial term first described by Saunders and Harbaugh in 1984, Second 

Impact Syndrome (SIS) consists of two events. Typically, it involves an athlete 

suffering post-concussive symptoms following a head injury.  If, within several weeks, 

the athlete returns to play and sustains a second head injury, diffuse cerebral 

swelling, brain herniation, and death can occur. SIS can occur with any two events 

involving head trauma. While rare, it is devastating in that young, healthy patients 

may die within a few minutes. 

Thus far, all cases of second impact syndrome have been described in relatively 

young patients (age < 20 y). Significant controversy exists over the etiology of this 

condition, although it is thought to be secondary to loss of autoregulation of 

cerebral blood flow in an already injured brain.   It has a very grim prognosis.





ROWAN’S LAW

The coroner’s inquest into Rowan’s death resulted in 49 recommendations, 

including (but not limited to):

• Increased education and awareness for parents, coaches, athletes, and 

teachers surrounding concussion injuries

• Better tools for coaches and trainers to identify concussions

• Concussion policies in place at all school boards and sports associations 

across Ontario

• Increased education and training for healthcare professionals to better treat 

and manage concussions





CHRONIC TRAUMATIC ENCEPHALOPATHY (CTE)

A progressive degenerative disease which afflicts the brain of people who 

have suffered repeated concussions and traumatic brain injuries, such as 

athletes who take part in contact sports, members of the military and others. 

The term encephalopathy derives from Ancient Greek en- "in," kephale "head," 

and patheia "suffering." Chronic traumatic encephalopathy is a condition of 

brain damage which persists over a period of years or decades and which is 

the result of traumatic impacts to the cranium.



RECOVERY OF CONCUSSION

• Depending on the resource, the majority (80-90%) of concussion resolve in a short (7-

10 day) period, some resources state that 80-85% will recover to neurological 

baseline within 1-2 weeks

• Others state that most patients with MTBI recover in 48-72 hours, even with detailed 

neuropsychological testing, and are headache free within 2-4 weeks of the injury

• Children/adolescents this time frame can be longer (depending on symptoms these can 

range from 21-40 days with the average being 24 days) yet 80-90% of children can 

usually return to school within 1 week

• Consensus statement on concussion in sport – the 5th international conference on 

concussion in sport held in Berlin, October 2016 states that most athletes who sustain a 

concussion will make a complete recovery within 1-2 weeks while most youth athletes will 

recover within 1-4 weeks. Approximately 15-30% of  patients will experience persistent 

symptoms (>2 weeks for adults; >4 weeks for youth) that may require additional medical 

assessment and management.

• Bottom line is very few people tend to have prolonged symptoms and return to their 

baseline with no further issues

• Other factors may play a role in recovery, although they need to be studied further







The Berlin expert consensus is that use of the term ‘persistent 

symptoms’ following Sport Related Concussion should reflect 

failure of normal clinical recovery—that is, symptoms that 

persist beyond expected time frames (ie, >10–14 days in 

adults and >4 weeks in children). 

PERSISTENT CONCUSSION SYMPTOMS (PCS)



SUBTYPES OF PERSISTENT CONCUSSION DISORDERS

PHYSIOLOGIC PCD VESTICULO-OCULAR PCD CERVICOGENIC PCD

Persistent alterations in 

neuronal depolarization, 

cell membrane 

permeability, mitochondrial 

function, cellular 

metabolism and cerebral 

bloodflow

Dysfunction of the 

vestibular and oculomotor 

systems

Muscle trauma and 

inflammation as well as 

dysfunction of cervical 

spine proprioception



VESTIBULAR-OCULAR REFLEX (VOR)



VOR AND THE VESTIBULO-OCULAR SYSTEM 

This system consists of special sense organs (the retina, semi-circular canals and otolithic organs 

and joint mechanoreceptors) with primary processing units that share rich direct, indirect and 

reciprocal projections to the spinal cord, ANS, brainstem nuclei, cerebellum, thalamus, basal 

ganglia and cerebral cortex.  Components of these systems include the vestibulo-ocular reflex 

(VOR) which regulates gaze stabilization during head acceleration and the vestibulo-spinal 

reflex (VSR) which co-ordinates head, neck and trunk positioning during dynamic body 

movements. Dysfunction within components of these neurological subsystems can have adverse 

effects on related sub-systems, thereby generating complex symptoms and impairments that are 

difficult to localize to one specific neural substrate.  Symptoms of dizziness, gait instability, 

fogginess, blurred vision and difficulty focusing can arise from dysfunction at multiple levels of 

the vestibulo-ocular system, the exact pathophysiology of which remains poorly understood. 

The detection of VOD at initial consultation is a significant risk factor for the development of PCS.



VOR TESTS/SCREENING

• Smooth Pursuit (essentially CN testing)

• VOR Reflex Test (Pt rotates head 20-30* while focusing on thumb)

• VOR Cancellation (Body & head moving while thumb arms length moving with 

the body)

• Saccade Testing ((Eyes moving from target to target)

• Vergence/Convergence (Move thumb from arms length towards nose) -

abnormal if >6cm when see 2 distinct thumbs

(I omit head thrust due to most patients having cervical/neck region pain)



CERVICOGENIC

• A headache of cervical origin

The neck pain precedes or co-exists with the 

headache, and is aggravated by specific neck 

movements or sustained postures. Several factors 

to aid in differentiating CGHs, include: 

• Unilateral pain with a facet ‘lock’ irradiating 

from the back of the head

• Evidence of cervical dysfunction presenting 

during manual examination

• May occur with trigger point palpation in the 

head or neck

• Aggravated by sustained neck positions

• Normal imaging



PHYSIOLOGIC VESTIBULO-OCULAR 

(VOR)

CERVICOGENIC

Symptoms Headache exacerbated 

by physical and cognitive 

activity

Nausea, photophobia, 

phonophobia, dizzy, 

fatigue and/or poor 

concentration

Dizzy, vertigo, nausea, 

poor gait

Blurred or double 

vision, eye strain

Neck pain, decreased ROM

Lightheaded and postural 

imbalance

Physical 

Exam

No focal neurological 

findings and elevated 

resting HR

Impairments on 

standardized balance 

and gait testing and 

impaired VOR, fixation, 

convergence, 

horizontal/vertical 

saccades

Decreased cervical lordosis and 

range of motion, paraspinal and 

sub-occipital muscle tenderness 

and impaired head-neck position 

sense

Treadmill 

Test

Positive Negative Negative

Treatment 

Options

Symptom limited activity 

(cognitive/physical) 

Sub-symptom threshold 

aerobic exercise 

Vestibular rehab or 

vision therapy program

Sub-symptom threshold 

aerobic exercise 

Manual cervical spine therapy

Head-neck proprioception 

retraining, and exercises for 

balance and gaze stabilization

Sub-symptom threshold aerobic 

exercise 



Treatment should be individualised and target-specific medical, 

physical and psychosocial factors identified on assessment. There 

is preliminary evidence supporting the use of: 

• a. an individualised symptom-limited aerobic exercise programme in patients 

with persistent post-concussive symptoms associated with autonomic instability or 

physical deconditioning, and 

• b. a targeted physical therapy programme in patients with cervical spine or 

vestibular dysfunction, and 

• c. a collaborative approach including cognitive behavioural therapy to deal with 

any persistent mood or behavioural issues. 



SYMPTOM EVALUATIONS
/MONITORING





HEADACHES SLEEP CONCENTRATION MOOD

Symptoms Can be 

migraine, 

tension type or 

cervicogenic in 

nature (may be 

constant)

Mostly manifests as 

insomnia or can be

a circadian rhythm 

issue.  May be 

drowsiness as well.

Foggy or fatigue

feeling, forgetful, 

decreased 

processing speed.  

Difficulty making 

decisions

Feelings of anxiety and 

depression as well as 

increased irritability

Management 

Strategies

Self-regulated

strategies (ie. 

Breathing/min

dfulness, go to 

a quiet place, 

lie down, get 

some fresh air, 

etc)

Can add 

medications

Promote good 

sleep hygiene 

(same bed/wake 

time daily with 

naps only if day 

time sleepiness and 

usually more so in 

the acute faze, 

fixed bed time 

routine, avoid 

caffeine within 4-

6hrs of bedtime, 

avoid ETOH and 

late heavy meals, 

dark/cool room, 

etc)

Encourage shorter 

spans (read for 

shorter duration and 

come back after a 

break) and memory 

aid devices.  

Postpone activities 

or assignments that 

may require 

complete 

concentration or 

important decisions 

until feeling better.

Self-regulated strategies 

(remove self from 

situation if possible, 

breathing/mindfulness 

exercises, ensure loved 

ones are aware and 

explain to them your 

feelings).



LIFESTYLE STRATEGIES TO MINIMIZE SYMPTOMS

SLEEP:  Encourage proper sleep as deprivation can lead 

to/exacerbate most symptoms

REGULAR MEALS: Nutrition can impact recovery.  Certain foods or 

skipping meals can trigger symptoms

HYDRATION: Dehydration can lead to headaches in some individuals 

and caffeine should be avoided

STRESS: Relaxation strategies (yoga, medication, exercise) can aid in 

symptom management

EXERCISE: After the initial rest period, exercise can aid in symptom 

management as discussed later
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EXERCISE AS TREATMENT

• Prolonged rest, especially in athletes, can lead to physical deconditioning, 

metabolic disturbances, and secondary symptoms such as fatigue and 

reactive depression. There is no scientific evidence that prolonged rest 

for more than several weeks in concussed patients is beneficial.

• Benefits of exercise…

• Reconditioning

• Improved mood

• Improved sleep

• Improved energy level

• Decreased stress



Fig 3. Kaplan-Meier survival curves for time to full return to A. sport and B. school/work based on the time 

to initiation of aerobic exercise, after adjustment for all covariates including propensity score strata.

Lawrence DW, Richards D, Comper P, Hutchison MG (2018) Earlier time to aerobic exercise is associated with faster recovery 

following acute sport concussion. PLOS ONE 13(4): e0196062. https://doi.org/10.1371/journal.pone.0196062

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0196062

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0196062


NEUROPSYCHOLOGICAL TESTING

If problems linger, a neuropsychologist can help. A clinical neuropsychologist is a licensed 

psychologist with expertise in how behavior and skills are related to brain structures and 

systems.

Neuropsychologists have two main roles when it comes to concussions: 

Assessment. The first step in determining why symptoms aren’t going away is to review the 

patient’s background. May have had previous concussions or the patient may have depression, 

anxiety, medication use, sleep disturbance or other factors that can slow recovery or 

masquerade as concussion symptoms. 

The neuropsychologist conducts a neuropsychological evaluation to assess memory, attention, 

reasoning and other cognitive skills. Personality and mood tests can help the neuropsychologist 

understand if psychological factors are at work. Results of this evaluation will help identify 

ongoing cognitive impairments and specify what abilities have been most affected. Repeat 

testing can be useful to document improvement over time.

Treatment. A neuropsychologist will provide psychoeducation, teaching patients about common 

concussion symptoms and normal recovery patterns. Even a single session can stop patients from 

wrongly attributing normal memory slips or other everyday problems to their concussions, one 

research review suggests. For cases in which patients develop an abnormal focus on their 

symptoms or other problems, cognitive behavioral therapy can help.









RETURN TO SCHOOL/SPORT (RTS)

There are many RTS guidelines but the main premise is that 

a player should never return to play while symptomatic. “If 

in doubt, sit them out”. 

Return to play after mTBI should follow a stepwise process, 

proceeding to the next level only if asymptomatic. If any 

symptoms occur after mTBI, the person should revert to the 

previous asymptomatic level and try to progress again 

after 24 hour



Rest & Rehabilitation After a concussion, the athlete should 

have physical rest and relative cognitive rest for ~1-2 days 

to allow their symptoms to improve. In most cases, after no 

more 1-2 days of rest, the athlete should gradually 

increase their daily activity level as long as their symptoms 

do not worsen. Once the athlete is able to complete their 

usual daily activities without concussion-related symptoms, 

the second step of the return to play/sport progression can 

be started. The athlete should not return to full play/sport 

until their concussion-related symptoms have resolved and 

the athlete has successfully returned to full school/learning 

activities.











Be careful 

of even 

well 

intentioned 

websites/ 

resources!!

This is 

out of 

date as 

based off 

old Zurich 

guidelines



PREVENTION

• Do helmets or mouthguards prevent 

concussion?

• Specialized products? (ie. Bauer 

Neurosheild https://neuroshield.ca/ )

• Monitoring – helmet sensors (ie. 

Shockbox –

http://www.theshockbox.com ) 

• Non-contact sport <13yrs of age 

proven to prevent

• Neck strengthening/proprioception 

work

https://neuroshield.ca/
http://www.theshockbox.com/


CONCERNS

•Will participation in sport go down – obesity epidemic

•Have to convince some people/kids that they DON’T have 

a concussion (there is over-reporting)



Case #1



CASE #1

1. Who would send this player back to play that game?

2. If he presented to your office in follow up, how would you 

go about diagnosing a concussion if you suspect it?

3. What are your instructions to him if you diagnose a 

concussion?

4.  When would you allow him to return to play?



CASE #2

14 y/o F hockey player 

referred from ER for follow 

up ?concussion.  

On history she reports 

spinning/vision issues.  No 

one injury but was at a 

hockey tournament when 

symptoms became worse.  

No risk factors. 

O/E:  Neuro, cervical and 

VOR testing negative but 

Dix-Hallpike + for 

nystagmus and 

reproduction of symptoms. 
What next?



IT ISN’T ALWAYS A CONCUSSION

She attended chiro 

for BPPV exercise 

with no 

improvement at f/u 

in 2 weeks and 

now slight 

proptosis of left 

eye.  

MRI was ordered. Left Internal 

Carotid 

Aneurysm











CASEM IS A GREAT RESOURCE WITH LOTS OF FREE 
INFORMATION
HTTP://CASEM-ACMSE.ORG/CONCUSSION-RELATED-
POSITION-STATEMENTS-TOOLS/

MY HANDOUTS COME FROM BC AS THEY HAVE GREAT 
RESOURCES AS WELL (SEE SHEETS ON TABLES)…

IF INTERESTED ONTARIO NEURTRAUMA FOUNDATION IS 
ALSO HAS GREAT MANAGEMENT STRATEGIES AND 
GUIDELINES BASED ON BERLIN 2016 CONSENSUS 
GUIDELINES 

http://casem-acmse.org/concussion-related-position-statements-tools/
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