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Current Concussion Definition 

• Complex pathophysiological process 
affecting the brain, induced by traumatic 
biomechanical forces 

• Rapid onset of short-lived impairment of 
function that resolves spontaneously 

• Acute clinical symptoms largely reflect 
functional disturbances, not structural injury 



Brain Facts 

• Around 1300-1400 g (3lbs) 
• Slightly firmer than Jello 
• Floating in 150 cc CSF (about 5 oz) 

 
• < 2% of total body weight 
• Consumes 20% of oxygen and blood flow 

 



More Brain Facts 

• 100 Billion neurons  
• 15 Trillion synapses (connections) 
• Neurons respond electrically when Go 

signals exceed No-Go signals 
• Waking activity 10-23 watts of power 
• 150,000 km of myelinated fibers 

 
 







http://www.youtube.com/watch?v=
bunwlS8i_Xc 
 
 

Doan - Wisniewski 

• http://www.youtube.com/watch?v=bunwlS8
i_Xc 
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Bergeron - Armstrong 

• http://www.youtube.com/watch?v=wW9Jc_
K9AXs 
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http://www.youtube.com/watch?v=
wzcJfHtqkgw&feature=PlayList&p
=0C4F4AB245FF1EA1&playnext
=1&playnext_from=PL&index=14 
 

Hedman -Neil 

• http://www.youtube.com/watch?v=wzcJfHt
qkgw 
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http://www.youtube.com/watch?v=
-GMGNAg4VPg 

Booth - Richards 

• http://www.youtube.com/watch?v=cIXcGO
r4-04 
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• Cormier-Tam 

http://www.youtube.com/watch?v=QgwCaxEB6-Y&feature=related�


http://www.youtube.com/watch?v=
RNOZeBTySHw 
 

Fanelli 

• http://www.youtube.com/watch?v=Csu27W
EjN54 
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Johnson v. boards 

• http://www.youtube.com/watch?v=yLZiet9
mhyg 
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http://sports.yahoo.com/nfl/news;_ylt=AkZ.9W.TDICpdsC0j7_28NdDubYF?slug=ap-concussions-braindonations&prov=ap&type=lgns�


http://www.youtube.com/watch?v=
Tyv4du7BTOc 

Jahvid Best 

• http://www.youtube.com/watch?v=Tyv4du7
BTOc 

http://www.youtube.com/watch?v=Tyv4du7BTOc�
http://www.youtube.com/watch?v=Tyv4du7BTOc�
http://www.youtube.com/watch?v=Tyv4du7BTOc�
http://www.youtube.com/watch?v=Tyv4du7BTOc�


• Decerebrate posture is an abnormal body 
posture that involves the arms and legs 
being held straight out, the toes being 
pointed downward, and the head and neck 
being arched backwards. The muscles are 
tightened and held rigidly. This type of 
posturing usually means there has been 
severe damage to the brain. 
 







Cellular Response to Injury 

• Apoptotic proteins 
• Uncontrolled release of proteases, lipases 

and endonucleases 
• Degradation of cell membrane and 

cytoskeletal proteins, mitochondrial failure 
& production of free radicals 

• Axonal swelling and degeneration of 
otherwise undamaged neurons 



Cellular Response to Injury 

• Ionic flux  - K+ out and ↑ glutamate 
• ↑ energy demands to re-establish 

intracellular K+ levels 
• ↓ cerebral blood flow 

Energy crisis & potential vulnerability 



Neurometabolic Changes  



Signs & Symptoms 

Dizziness Feeling dinged Emotional 
Confusion Seeing stars Vacant stare 
Amnesia Ringing ears Slurred speech 
LOC Double vision Change in pers. 
Headaches Unsteady gait Altered playing 
Poor Balance Slow response Dec. awareness 
Fatigue Poor conc. Nausea 

 

 



Concussion Principle #1 

 
WHEN IN DOUBT, SIT THEM OUT  

 



Possible Consequences 

• Second Impact Syndrome 
 

- Second impact has been shown to occur up to 14 days post-injury 
- Athlete returns to competition before resolution of symptoms 
 
Catastrophic increase in intracranial pressure  
 
- Vasomotor paralysis, edema, massive swelling, herniation, death  

  
Most often occurs in athletes <21 years old 
 
- Neuro-chemical processes appear to differ in developing brain 



Possible Consequences 

Post-Concussion Syndrome  

• Decreased Processing Speed 

• Short-Term Memory Impairment 

• Concentration Deficit 

• Irritability/Depression 

• Fatigue/Sleep Disturbance 

• General Feeling of “Fogginess” 

• Post-Concussion Syndrome 

• Academic Difficulties 

 

 



Relatively Common Injury 

• CDC estimates 1.8 million concussions/year 
• Collision sports, i.e., football & ice hockey 
• Major junior rates equivalent to NHL 
• NCAA men’s hockey - the injury most 

likely to keep a player out of competition 
• Overall: 10-15% of participants/year 



Incidence in Young Adults 

• ECAA men’s hockey – 3.16/1000 AE (Flik, et 
al., 2005) 

• NCAA men’s hockey – 1.47/1000 AE (Agel, et 
al., 2007) 

• NCAA women’s hockey – 2.72/1000 AE 
(Agel, et al., 2007) 

• NHL – 1.76/1000 AE  

Presenter
Presentation Notes
AE is defined as one athlete participating in one practice or game.  For example, one hockey game generally equates to 40 AE (20 dressed athletes, two teams) …. 

For the NHL, that equates to roughly one reported concussion every 15 games



Risk for Further Injuries? 

• Athletes with a self-reported hx of >3 concussions 
have greater post-injury decrements compared to 
those without previous hx (Iverson, et al., 2003) 

• No difference in neurocognitive performance 
between athletes with 0, 1 or 2 previous self-
reported concussions (Iverson, et al., 2006) 

• Within-season repeat injury rate of 6.5%, 92% of 
which occurred within 10 days of initial injury 
(Guskiewicz, et al., 2003) 

 
 

Presenter
Presentation Notes
We go through all these steps because the research on the long-term effects of concussion are unclear ….. 

It is generally believed that the proper management minimizes the risk for recurring injury and accumulating problems.

CHL re-injury data are slightly lower than the Guskiewicz data and the vast majority occur outside of the 10 day window, which tend to imply independent, unrelated events.

Not all repeat injuries necessarily reflect vulnerability to injury ……



Long-term Issues 

• Genetic risk factors (ApoE4) 
• MCI, AD, depression (Retired athletes) 
• Boxing, cf Jordan (2000) 

• Youth recover more slowly  
 





Rule 48 - Illegal Check to the 
Head 

• 48.1 Illegal Check to the Head – A lateral or blind side hit to an opponent 
where the head is targeted and/or the principal point of contact is not 
permitted. 

• 48.2 Minor Penalty - There is no provision for a minor penalty for this rule. 
• 48.3 Major Penalty - For a violation of this rule, a major penalty shall be 

assessed (see 48.4). 
• 48.4 Game Misconduct – An automatic game misconduct penalty shall be 

assessed whenever a major penalty is assessed under this rule. 
 
48.5 Match Penalty - The Referee, at his discretion, may assess a match 
penalty if, in his judgment, the player attempted to or deliberately injured his 
opponent with an illegal check to the head. 

• 48.6 Fines and Suspensions – Any player who incurs a total of two (2) game 
misconducts under this rule, in either regular League or playoff games, shall 
be suspended automatically for the next game his team plays. For each 
subsequent game misconduct penalty the automatic suspension shall be 
increased by one game. 
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OHL – Checking to the Head 
2006 

• Rule 44B – Checking to the Head 
• 44B.1     Checking to the Head - The act of checking an opponent to 

the head in any manner. 
• 44B.2     Minor Penalty – A minor penalty shall be assessed to any 

player who checks an opponent to the head area. 
• 44B.3     Major plus Game Misconduct Penalty – At the discretion of 

the referee and based on the degree of impact a major penalty and a 
game misconduct can be assessed any player who checks an opponent 
to the head area. 

• 44B.4     Match Penalty – A match penalty shall be assessed to any 
player who deliberately attempts to injure an opponent by checking to 
the head area.   

• Note:    A hit to the head with a shoulder shall be considered an illegal 
check and shall be penalized as checking to the head. 
 





NHL Protocol - 2011 

• Players showing possible concussion 
symptoms must now be taken to a quiet 
room away from the ice and bench area. 
They are to be evaluated for roughly 15 
minutes by team medical personnel under 
the standardized concussion assessment 
method known as SCAT2, an acronym for 
Sport Concussion Assessment Tool.  



NHL 5 point plan 

1. 1) Mandatory removal from play if a player reports any listed 
symptoms or shows any listed signs (loss of consciousness ... Motor 
incoordination/balance problems ... Slow to get up following a hit to 
the head ... blank or vacant look ... Disorientation (unsure where he 
is) ... Clutching the head after a hit ... Visible facial injury in 
combination with any of the above). 

2. 2) Examination by the team physician (as opposed to the athletic 
trainer) in a quiet place free from distraction.  

3. 3) Team physician is to use 'an acute evaluation tool' such as the 
NHL SCAT 2 as opposed to a quick rinkside assessment. 

4. 4) The Board will be approached to elevate the standard in which a 
Club and its Coach can be held accountable if it has a number of 
'repeat offenders' with regard to Supplementary Discipline. 

5. Review of player equipment and rink safety 
  









Air Canada Sponsorship (2011) 

• "From a corporate social responsibility standpoint, 
it is becoming increasingly difficult to associate our 
brand with sports events which could lead to serious 
and irresponsible accidents; action must be taken by 
the NHL before we are encountered with a fatality.  

 "Unless the NHL takes immediate action with 
serious suspension to the players in question to 
curtail these life-threatening injuries, Air Canada 
will withdraw its sponsorship of hockey."  
 



March, 2011 

• Montreal police started a criminal 
investigation Thursday into the on-ice hit by 
Boston's Zdeno Chara that left the 
Canadiens' Max Pacioretty with a severe 
concussion and cracked vertebra. 



• New concussion rule: game players will 
no longer be allowed the option of playing 
a concussed player in the same game.  







Youth Hockey (2011) 

• OHF decides no checking in house or select 
hockey at any age or level. 

• USAH moves to delay checking from 
PeeWee to Bantam 



Hockey Canada - 2011 

• "In minor and female hockey, a minor penalty will be assessed 
to any player who accidentally contacts an opponent in the head, 
face or neck with their stick or any part of the player’s body or 
equipment. If the contact is intentional then it’s a double minor.  

• In junior and senior hockey, a minor and a misconduct penalty, 
or a major and a game misconduct penalty, at the discretion of 
the referee based on the degree of violence of impact, will be 
assessed to any player who checks an opponent to the head area 
in any manner. A major and a game misconduct penalty shall be 
assessed any player who injures an opponent under this rule.  

• A match penalty will be assessed to any player who deliberately 
attempts to injure or deliberately injures an opponent under this 
rule."  
 

http://www.theglobeandmail.com/sports/hockey/hockey-canada-calls-for-rule-change-on-head-hits/article2037298/�


US Response 

• 23 States with concussion legislation aimed 
at education, awareness and management 

• 19 States with similar legislation pending 



NFHS - 2010 

Effective with the 2010 high school football 
season, any player who shows signs, 
symptoms or behaviors associated with a 
concussion must be removed from the game 
and shall not return to play until cleared by 
an appropriate health-care professional.   



High School Lawsuit (2011) 

• Athlete continued to play even though teammates 
told the coach and a trainer that he was behaving 
strangely; 

• Suing Coach, Principal and Athletic trainer for 
"deliberate disregard for his welfare" in allowing 
him to be injured repeatedly.” 

• … failing to protect a student from concussions. 
 
 
 
 



NFL Players’ Lawsuit - July 2011 

• 75 former players allege that the NFL has 
covered up the harmful effects of -concussions 

• The NFL neither informed its players about the 
long-term effects of concussions nor protected 
them from the risk of head injuries. 

• NFL is claimed to be an “industry icon”, after 
which all lower leagues model themselves – 
template for other suits? 



NCAA Lawsuit - October, 2011 

• Two more former college football players have sued the 
NCAA, saying it failed to protect them from concussions. 

• Both claim they have suffered preventable brain trauma. 
• Attorneys for the players say the NCAA failed to establish 

a head injury screening system and hasn't enforced safety 
measures introduced in the 1970s.  

• The lawsuit seeks to have the NCAA institute a medical 
monitoring program. 



Ivy League (2011) 

• Max. of two full-contact days per week, a 60-percent 
reduction from the NCAA limits.  

• Full-contact Spring practices cut to a 42-percent reduction 
from the NCAA maximum.  

• Schools will continue to provide information to student-
athletes summarizing signs and symptoms of concussion, 
emphasizing the potential long-term risks of repetitive 
brain trauma, and stressing the need to report any 
symptoms of a concussion.  

• Proper tackling techniques 
 



NFL Memo 2011 

• The league reminded teams that a player should never play after 
suffering such an injury. The memo also explains that if a medical staff 
believes a player may have suffered a concussion but he has not been 
diagnosed, he should be taken out of the game. 
 

• The memo includes a heading that reads, "WHEN IN DOUBT 
LEAVE THEM OUT," advising that teams should "always err on the 
side of caution.“ 
 

• Also included is a reiteration of the "Madden Rule," which states that a 
player removed from a game with a concussion must be escorted to the 
locker room and observed for a potential need of immediate 
hospitalization, and that, under no circumstances, may he return to the 
field. 



Hockey Modifications - 2011 

• The league (NHL, CHL) announced that all 
players must wear soft cap shoulder and 
elbow pads for the upcoming season. 



New devices ? 
• Battle Sports Science – Impact Indicator 

chinstrap 
• X2IMPACT – Impact-sensing 

mouthguard 
• Shockstrip -  



Impact Severity and 
Outcome 

• Over four seasons, 19 high school football athletes wearing 
instrumented helmets sustained 20 diagnosed concussions.  

• Each athlete completed a baseline computer-based 
symptom and cognitive assessment during the pre-season 
and a post-Injury assessment within 24 h of injury.  

• There appears to be no association between head impact 
biomechanics and post-concussive outcomes. As such, the 
use of biomechanical variables to predict injury severity 
does not appear feasible at this time. 

Broglio, et al. (2011). Journal of Neurotruama 



Impact burden 

• 95 high school football players across four seasons of play using 
the (HITS); resulted in 101,994 impacts (190 practice sessions 
and 50 games). The number of impacts per 14 week season 
varied by playing position and starting status, with the average 
player sustaining 652 impacts. 

• Seasonal linear acceleration burden of 16,746.1g 
• These findings cause conjecture on the relationship between 

sub-concussive head impacts incurred during football and late-
life cerebral pathosis and justify discussion on ways to best 
minimize impacts and mitigate cognitive declines. 
 

Broglio, et al. (2011).  Journal of Neurotruama 



Reduced threshold? 

• The cumulative impact histories prior to 20 concussive impacts 
in 19 athletes were compared to the cumulative impact histories 
prior to the 3 largest magnitude non-concussive head impacts in 
the same athletes. 

• No differences were present in any impact history variable 
between the concussive and non-concussive high magnitude 
impacts: the number of head impacts, cumulative HIT severity 
profile value, cumulative linear acceleration, and cumulative 
rotational acceleration during the same practice or game session, 
as well as over the 30 minutes and 1 week preceding these 
impacts.   

• Data do not support the proposal that impact volume or intensity 
influence concussion threshold in high school football athletes. 

Broglio, et al. (2011).  Journal of Neurotruama 



Prediction of Injury 

• Football studies – no relationship between 
force of impact (60– 168g) and onset of 
concussion (Guskiewicz, et al., 2007) 

 
• 13-yr old male ice hockey players experience 

head accelerations comparable to college 
football players (Mihalik, et al., 2008) 





Detecting an Injury 

• Observation 
• Self-report 



Knowledge among Youth 
Coaches 

156 coaches of 8-14 yr old athletes surveyed 
(Valvolich McLeod, et al., 2007) 

 

• Average 10/16 on symptom recognition 
• 53% able to correctly answer True/False 

statements 

Presenter
Presentation Notes
Questionnaire was delivered after coaches meetings





Do Professional Athletes Know 
One When They See One?  

 
• Did you have a concussion? - 8.4%  
• Did you have S&S after a hit? - 44.8% 
• 81.2% of players that may have been 

concussed failed to realize their injury 
(Delaney, et al., 1997) 

 



High School Football 
McCrea, et al., (2004) Clin J of Sport Med, 14(1), 13-17.   

• Over 1,500 varsity athletes surveyed 
 

• 15.3% reported concussion this season 
 

• 47.3% actually reported their injuries 
 



Barriers to Reporting 

 
• 66.4% - not serious enough to report  
• 41%  - fear of being withheld from play  

• 36.1%  - lack of awareness that injury occurred 

• 19%  - did not want to let teammates down 
 

19%  of NFL players hid symptoms (AP, 11/19/09) 



“I don’t feel I have a concussion problem. I have a problem with people giving me 
traumatic blows to the head.” 

     - Dean McAmmond, Ottawa 
Senators 



Traditional Methods 

 LOC is a poor 
predictor of symptoms 
and injury severity in 
athletic concussions 
 

 CT and MRI are 
usually negative – 
studies are assessing 
structural not 
functional integrity 
 



Advocacy for Better 
Management 

• CASM (2000) 
• Concussion in Sports Group* (2001, 2004, 2009) 

• IIHF, FIFA, IOC 
• NCAA* (2004), NATA* (2004) 

 
* Identify Neuropsychological testing as a critical 

component to comprehensive concussion 
management  

 



League-wide Management 
Programs 

• NFL – 1995 
• NHL – 1997 
• OHL – 2002 
• WHL – 2006 
• CENTRAL HOCKEY LEAGE  - 2008 
• ECHL - 2009 
 



Symptom Combination 

CONCUSSION 

Physical 

Cognitive 

Sleep 

Mood 



Concussion Principle #2 

 

NEVER RETURN A SYMPTOMATIC 
PLAYER TO PLAY 

 



Need for Multiple Measures 



Modern Approach 

• Employ sensitive methods to objectively 
monitor symptoms through to resolution, 
i.e., neurocognitive testing via ImPACT 

• Neurocognitive testing is most sensitive and 
clinically relevant when compared to 
individualized baseline data 
Care is tailored to the individual athlete 



Neuropsychology Benefits 

 
• Functional evaluation by definition 
• Objective  
• Sensitive 
• Repeatable 



Added Value of ImPACT 
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100%

Self Report Cognitive Testing Both



AAN Guidelines (1997; 2006) 

• Grade 1: Transient confusion, 0 LOC; PCSS 
   < 15 min 
 

• Grade 2:  Transient confusion, 0 LOC;  
    PCSS  > 15 min 
 

• Grade 3:  Any LOC 



Cantu Guidelines (1986; rev 2001)  

• Grade 1:   No LOC; PTA/PCSS < 30 min 
 

• Grade 2:   LOC < 1 min or PTA > 30 min < 
    24 hours; PCSS > 30 min < 7  
    days 
 

• Grade 3:   LOC > 1 min or PTA > 24 hours; 
    PCSS > 7 days  



Prediction of Severity 

• 78 H.S./College 
concussions 

• 72 hr. post-injury 
repeat ImPACT 

• 44 - Good outcome 
• 34 - Poor outcome 

• RTA: 10 x more likely 
to be classified “poor” 

• PTA: 4.2 x more 
likely to be classified 
“poor” 

• LOC: No difference 
• Disorientation: No 

difference 



Pathognomonic Signs 



Evaluation of RTA  

• Score of previous period 
• Score at the time of the hit 
• Name of stadium/rink 
• Opponent’s name 
• Opponent’s colors 
• Details of the hit/play 



Rinkside Evaluation 



Rinkside Evaluation 



Post-injury Procedures 

• Manage symptoms – Rest is Best 
• Conduct further assessment based on injury 

severity, rate of recovery, age, injury history, 
severity of the blow, player style, etc. – usually 72 
hours or more  

• Often defer until subjective symptoms have 
attenuated or remitted 

• Need cognitive recovery (as well as subjective, 
behavioral and medical) before RTP 
 



Concussion Principle #3 

 

IT’S BETTER TO MISS ONE GAME 
THAN A WHOLE SEASON 

 
 



RTP Recommendations 

• No activity until asymptomatic 
• Light aerobics (e.g., stationary cycling) 
• Sport-specific training (e.g., skating in    

 hockey; running in soccer) 
• Non-contact training drills 
• Full contact following medical clearance 
• Game play 



Other Factors to Consider 

• Concussion history of the athlete 
• Age of athlete 
• Severity of the injury 
• Persistence of symptoms 
• Frequency of injuries 
• Severity of the concussive blow 



Prevention? 

• Commercially available headgear will not 
reduce the likelihood of concussion (McIntosh & 
McCrory, 2000; McIntosh, et al., 2009) 

• Similar rates of concussion incidence 
despite the use of polyurethane helmet 
cover (Torg, et al., 1999) 

• Mouthguards do not prevent concussion  



Injury Reduction 

• Proper use of approved equipment 
• Mutual respect among players 
• Proper playing (tackling, checking 

techniques  
• Recognize an injury when it occurs 
• Obtain and follow proper injury care 
• Never play while symptomatic – concussion 

is not a toughness issue 
 

Presenter
Presentation Notes
Cannot eliminate concussions from the game;

Keep the numbers to a minimum;

Focus on awareness, education, management and safety for the health of the game and the well-being of the athlete.



Clinic Presentation 

• Predisposing Factors – previous concussion, playing while 
symptomatic 

 
• Precipitating Factors – acute symptoms (number, duration, 

severity), fear of disability, inadequate information 
 

• Perpetuating Factors – reluctance to return to play, loss of 
social status and identity, medication side effects 



Clinic Presentation 

• From 1997 to 2007, although participation had 
declined, ED visits for concussions in organized 
team sports in 8- to 13-year-old children had 
doubled and had increased by >200% in the 14- to 
19-year-old group. 
 

Bahkos, et al, (2010), Pediatrics 





Concussion Principle #4 

Injury to the Brain is Different: 
• Cannot be iced 
• Cannot be wrapped 
• Cannot be splinted 
• Cannot be arthroscopically managed  
• Cannot be surgically replaced 



Treatment Options 

• Early detection and recognition of persisting PCS 
  
• Education and reassurance often sufficient 
 
• Symptom-specific interventions 

 
• Individualized RTP management strategies 



Return to Play Goal 

 
• Not anti-sport 

 
• Return a player as quickly and as safely as 

possible 
 
• Resume a basal risk of injury 





Sport-Related  Concussions 

Michael Czarnota, Ph.D. 
 
 

Official Neuropsychology Consultant to the  
Canadian Hockey League 
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