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Today’s Objectives   

•  Introductions 
•  Review current concussion knowledge 

– Diagnosis 
– Management 

•  Review epidemiology of sports-related concussion 
– Rates and patterns 

•  Across sports and age groups 
•  Discuss concussion prevention 
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Injury Epidemiology 

•  Describe determinants and distributions of injury in 
the population of interest 

•  Drive evidence-based injury prevention efforts 
•  Evaluate the effectiveness of prevention efforts 
•  Monitor trends over time 

•  Workplace safety successes 
•  Automobile safety successes 
•  Home safety successes 

Home Safety Quiz 

•  Think about your home 
– Smoke alarms? 
– CO detectors? 
– First aid kit? 
– Family emergency “rally point”? 
– Safe shelter spot for tornado? 
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Workplace/School Safety Quiz 

•  Think about your workplace/school 
– Two nearest fire escape routes? 
– First aid kit? 
– AED? 
– Tornado shelter, earthquake response plan, or 

flood/hurricane evacuation plan? 
– Plan for armed aggressor? 

Sports Injury Epidemiology Research  

•  Proven public health methodologies can improve 
athlete health and safety 
–  Describe rates and patterns of injury 
–  Monitor trends over time 
–  Compare subgroups of interest 
–  Contribute to evidence-based policy discussions 
–  Drive the development of interventions 
–  Evaluate the effectiveness of interventions 

•  Change the culture regarding sports injuries 
–  Not “just part of the game” 
–  Not “the price you have to pay to play” 
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Youth Sports Safety Quiz 
•  Youth sports risks? 

–  Sports with highest rates of injury? 
–  Injury patterns by sport? 
–  Factors that place athletes at risk or are protective? 

•  Youth sports safety 
–  Coach? 

•  Certification, education, experience 
–  Equipment and facilities?  

•  In good repair, appropriate for sport, adequate 
–  Medical resources?  

•  Level of clinician, level of coverage, and level of coordination 
–  Emergency plan? 

•  Who makes the call (removing an athlete from play) 
•  Who makes the call (activating EMS) 

Why Talk About Concussions Today? 

•  EVERYBODY seems to be talking about concussions! 
–  Clinicians 
–  Public health professionals 
–  Researchers 
–  Media 
–  Sports policy makers/governing bodies 
–  Grassroots organizations 
–  Coaches 
–  Parents 
–  Athletes 
–  Legislators 
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New York Times - 2007 

People - 2007 
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Time - 2009 

USA Today - 2009 
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ESPN - 2010 

Sports Illustrated - 2012 
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Time - 2013 

Boston Globe - 2014 
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Washington Post - 2014 

NY Daily News - 2014 
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White House Healthy Kids and Safe 
Sports Concussion Summit – 5/29/14 

Alarming News Over Past Few Years 
•  Concussion epidemic 

–  Underreporting 
–  Significantly increasing rates 
–  New recognition of symptom prevalence and persistence 

•  Severe outcomes 
–  Second impact syndrome 
–  CTE 
–  Dementia 
–  Depression  

•  Lack of knowledge 
–  Objective, accurate, and conclusive diagnostic tools 
–  Best clinical practices for managing recovery and return to play 
–  Very few primary prevention programs 

•  Confusion 
–  Helmets all the same vs. some helmets better than others 
–  Best practice re: management (meds, cocoon therapy, etc) 
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What is a Concussion? 

•  A complex pathophysiologic process affecting 
the brain, induced by traumatic biomechanical 
forces secondary to direct or indirect forces to 
the head 
– Caused by a blow or jolt to the head that disrupts 

the function of the brain resulting in a 
constellation of physical, cognitive, emotional, 
and/or sleep-related symptoms 

– Concussion = mTBI = brain injury 

What is a Concussion? 

•  CDC NCIPC concussion video – brain movement 
–  http://www.cdc.gov/concussion/index.html 

•  ESPN Sports Science video – helmet-to-helmet hits 
–  http://www.youtube.com/watch?v=fFkWTGKNLT8 

•  Neurometabolic cascade associated with 
concussion 
–  http://www.ncbi.nlm.nih.gov/pmc/articles/PMC155411/ 

•  CDC NCIPC Signs and Symptoms page 
–  http://www.cdc.gov/concussion/sports/recognize.html 

•  CDC NCIPC sports and rec fact sheet 
–  http://www.cdc.gov/concussion/sports/facts.html  
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How is Concussion Diagnosed? 

•  Clinical diagnosis 
–  Symptom checklist (SCAT3-Child, etc.) 
–  Neuro-cognative evaluation (ImPACT, etc.) 
–  Balance test (BESS, etc.) 

•  Imaging is still only a research tool 
–  MRI/CT are usually normal 
–  Advanced neuroimaging potential for future 

•  PET – Positron Emission Tomography 
•  DTI – Diffusion Tensor Imaging 
•  Etc. 

•  Biomarkers under development – a big unknown still 

Concussion Signs and Symptoms? 

•  Physical 
•  Cognitive 
•  Emotional 
•  Sleep/Energy 
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Concussion Signs and Symptoms 

•  Physical 
–  Headache 
–  Blurred vision 
–  Dizziness 
–  Poor balance 
–  Nausea/vomiting 
–  Ringing in ears 
–  Seeing stars 
–  Vacant stare/glassy eyed 
–  Numbness/tingling 
–  Sensitivity to light 
–  Sensitivity to noise 
–  Disorientation 

Concussion Signs and Symptoms 

•  Cognitive 
–  Difficulty concentrating 
–  Easily confused 
–  Memory problems 
–  Amnesia 
–  Feeling slowed down 
–  Feeling “in a fog” 
–  Slowed responsiveness 
–  Slurred speech/incoherent speech 
–  Loss of consciousness 
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Concussion Signs and Symptoms 

•  Emotional 
– Anxiety/nervousness 
–  Irritability 
– Sadness/depression 
–  Lack of motivation 
– More “emotional” 
– Personality change 
–  Inappropriate emotions 

Concussion Signs and Symptoms 

•  Sleep/Energy 
– Fatigue 
– Drowsiness 
– Trouble falling asleep 
– Sleeping less/more than usual 
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Concussion Management 

•  There is no “treatment” 
•  Concussion management involves physical and 

cognitive rest until acute symptoms resolve 
followed by a graduated program of exertion 
prior to medical clearance and return to play 

•  No athlete should ever return to play on the day 
the concussion occurred! 

Return to Play Protocol 

•  1) No activity (physical and cognitive rest) 
•  2) Light aerobic exercise (walking, stationary bike, etc.) 
•  3) Sport-specific exercise (skating in ice hockey, etc.) 
•  4) Noncontact training drills (full speed passing drills, etc.) 
•  5) Full contact practice (normal practice actities) 
•  6) Return to play 

•  Some confusion about which day is day “1” – the day of 
the injury or the day after the injury 
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Concussion Management 

•  If in doubt, sit them out 
•  Return to play decisions should be made by an 

appropriate medical provider 

When, why, where, how? 

•  Concussions are not just a sports-related issue 
– Motor vehicle crashes 
–  Interpersonal violence 
– Etc. 

•  Concussions can occur in any sports or 
recreation activity 
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5 Most Common Activities Leading to 
ED Presentation with Concussion 
•  Boys under 20 years of age 

–  Football 
–  Bicycling 
–  Playground 
–  Basketball 
–  Baseball 

•  Girls under 20 years of age 
–  Playground 
–  Bicycling 
–  Soccer 
–  Basketball 
–  Horseback riding 

CPSC NEISS data, US, 2001-2009 

Sports Concussion Epidemiology 

•  Rates of concussion increase with athlete age, level 
of play, and intensity of athletic activity 

•  Rates vary by sport 
–  Full contact/combat sports have highest rates 
–  Sports where contact occurs often although largely 

banned by the rules have next highest rates 
–  Sports where contact rarely occurs have lowest rates 

•  Athlete-athlete mechanism is most common 
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High School RIO (05/06-current) 
•  National High School Sports-Related Injury Surveillance 

System (High School RIO) 
–  Athletic Trainers from US high schools report injuries 
–  Internet-based data collection tool (RIO): 24/7 and updatable 

•  Definitions 
–  Injury: 1) occurred as result of organized high school practice or 

competition, AND 2) required medical attention by a team 
physician, certified athletic trainer, personal physician, or 
emergency department/urgent care facility, AND 3) resulted in 
restriction of the high school athlete’s participation for ≥1 days 
beyond the day of injury OR any concussion, fracture, dental 
injury, or heat event 

 
–  Athletic exposure (AE): one athlete participating in one 

competition or practice 

High School RIO Data 

•  ATs asked to log on weekly throughout each 
academic year to provide data 

•  Exposure data 
–  Practice AEs 
–  Competition AEs 

•  Injury data 
–  Athlete: height, weight, year in school, position/event 
–  Injury: body site, diagnosis, severity 
–  Injury event: mechanism, specific activity 
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Sports Included in High School RIO 
Boys’ Sports Years Studied Girls’ Sports Years Studied 
Baseball 9 Basketball 9 
Basketball 9 Cross Country 2 
Cross Country 2 Field Hockey 6 
Football 9 Gymnastics+ 4 
Ice Hockey 6 Lacrosse 6 
Lacrosse 6 Softball 9 
Soccer 9 Soccer 9 
Swimming 6 Swimming 6 
Track 6 Track 6 
Volleyball+ 3 Volleyball 9 
Wrestling 9 Cheerleading* 5 

+Sports no longer under surveillance 
* Co-Ed sport although predominantly female participants 

High School RIO Dataset 

•  Injury data captured 05/06 through 13/14 
–  60,193 injuries 
–  30,415,179 AE 
–  1.98 injuries per 1,000 AE 
 

•  Injury by type of exposure 
–  51.5% competition related 
 
–  Competition rate 3.98 per 1,000 AE 
–  Practice rate 1.30 per 1,000 AE 
–  RR=3.06 (95% CI: 3.01, 3.10) 
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Trends Over Time: Symptoms (All Sports) 

07/08 08/09 09/10 10/11 11/12 12/13 
LOC 6.6 4.5 4.1 3.8 3.3 3.5 
Amnesia 23.9 24.9 21.4 22.1 16.9 15.6 
Light Sensitivity 35.1 38.3 34.1 38.9 42.4 46.1 
Noise Sensitivity 12.0 19.5 16.9 24.4 25.4 30.8 
Confusion/
Disorientation 

50.2 46.7 43.4 45.3 43.4 44.1 

Nausea 35.5 32.3 29.0 32.2 31.0 30.5 
Headache 94.6 94.2 94.2 94.6 95.3 94.5 

% of Student Athletes Presenting with Symptom by Year 

Trends Over Time: Re-Injury (All Sports) 

07/08 08/09 09/10 10/11 11/12 12/13 
New Concussion 88.6 87.7 88.6 89.7 92.1 91.0 
Recurrence (this 
academic year) 

5.6 4.9 4.3 3.1 2.3 2.0 

Recurrence (prior 
academic year) 

5.8 7.1 6.9 7.1 5.5 7.0 

% of Student Athletes with Recurrent Concussion by Year 
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Concussions: Time for Action! 

•  “There is a very definite brain injury due to single or 
repeated blows on the head or jaw which cause multiple 
concussion hemorrhages. ... The condition can no longer 
be ignored by the medical profession or the public.” 
–  JAMA, Oct 13, 1928 
 

•  “The NFL has reached a tentative $765 million 
settlement over concussion-related brain injuries among 
its 18,000 retired players, agreeing to compensate 
victims, pay for medical exams and underwrite research.” 
–  ESPN, Aug 29, 2013 

So, What do we do? 

•  Lots of resources on better diagnosis and 
management 

 
•  Far too little focus on prevention 

–  Interventions to prevent injuries from occurring 
–  Interventions to minimize the severity of injuries 

which can’t be prevented 
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The Public Health Model 

Problem Response 

Implement Interventions and Measure 
Prevention Effectiveness 
Community Intervention/    
Demonstration Programs 
• Training 
• Public Awareness 

Develop and 
Test Interventions 
Evaluation Research 

Identify Causes 
Risk Factor 
Identification 

Define the Problem 
• Data Collection/ 
Surveillance 

Public Health Intervention 

•  A set of actions with a coherent objective to promote 
or protect health or prevent ill health in communities 
or populations 

•  Should be 
–  Needed 
–  Evidence-based 
–  Measurable 
–  Culturally sensitive 
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Importance of Cultural Competency 

•  Interventions simply won’t work without 
acceptance in the targeted population which 
requires cultural competency 

•  What is “culture”? 

Ideas for Interventions? 

•  Football 
•  Soccer 
•  Baseball 
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Three Basic Approaches of Interventions 

•  Engineering 
•  Better protective equipment 
•  New protective equipment 
•  Introducing existing equipment to new sports 

•  Regulation/Legislation 
•  Policy 
•  New sports rules 
•  Better enforcement of existing rules 

•  Education/Behavior Change 
•  Data to drive evidence-based discussions 
•  Information to assist coaches 
•  Information to guide parental decision making 

Potential Intervention #1 

•  Should cheerleading be designated as a high 
school sport rather than a non-sport after school 
activity? 

•  Policy intervention 



11/11/14	  

28	  

Concussion Rates per 10,000 AEs, 2013/14 
Sport Competition Rank Practice Rank 
Football 33.2 1 5.5 1 

Boys’ Ice Hockey 23.7 2 1.7 7 

Girls’ Soccer 19.9 3 2.6 4 

Boys’ Wrestling 12.5 4 3.5 2 

Boys’ Lacrosse 12.3 5 1.6 8 

Girls’ Basketball 12.0 6 1.2 11 

Boys’ Soccer 9.1 7 0.9 13 

Girls’ Field Hockey 7.6 8 1.0 12 

Girls’ Lacrosse 6.9 9 2.2 5 

Girls’ Volleyball 5.5 10 1.7 6 

Boys’ Basketball 4.0 11 1.3 10 

Girls’ Softball 3.2 12 1.5 9 

Cheerleading 1.8 13 3.4 3 

How is Cheerleading Different? 
•  Cheerleading 

– Spend much more time (higher AE) in practice? 
Not really 

– Do more reps of high risk activities in practice? 
Maybe? 

–  Learn new skills in practice? Maybe? 
– Practice in “safe” environments? Not always 

•  Gymnastics 
– Overall concussion rate = 15th of 20 sports 
– Practice concussion rate = 14th of 20 sports   
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Potential Intervention #2 

•  Should girls’ lacrosse players be required to 
wear helmets? 

•  Engineering intervention 

LAX Gender Patterns of Injury 

•  Among boys LAX players, 24.9% of all injuries 
were to the head/face 

•  Among girls LAX players, 26.0% of all injuries 
were to the head/face 
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Mechanisms of Concussion by Sport 

Sport Player-Player Player-Surface Player-
Apparatus 

Football 90.7% 6.7% 0.6% 

Boys’ Soccer 72.7% 10.7% 16.4% 

Girls’ Soccer 52.1% 20.7% 26.8% 

Boys’ Baseball 37.0% 6.5% 56.5% 

Girls’ Softball 30.5% 11.0% 58.5% 

Boys’ Lacrosse 79.6% 6.3% 12.7% 

Girls’ Lacrosse 27.7% 8.4% 61.4% 

Potential Intervention #3 

•  Should soccer coaches be required to improve 
coaching of heading techniques? 

•  Educational intervention 
•  Policy intervention 
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Soccer Concussion Patterns 

•  Among boys 32.3% of all concussions occurred 
during heading (most common activity) 
– Of heading related concussions, 80.1% were due 

to athlete-athlete contact, 6.4% contact with 
playing surface, and 12.9% contact with ball 

•  Among girls 25.7% of all concussions occurred 
during heading (most common activity) 
– Of heading related concussions, 66.4% were due 

to athlete-athlete contact, 7.0% contact with 
playing surface, and 26.7% contact with ball 

Better Coaching in Soccer? 
•  Football is a model 

–  http://usafootball.com/health-safety/how-to-tackle  

•  Better coaching of soccer heading? 
–  Soccer head-to-head collisions during heading 

•  http://www.youtube.com/watch?v=w6rpb2uZU_w 
•  http://www.youtube.com/watch?v=6HDxoEwg_QA 
•  http://www.youtube.com/watch?v=DqeiIjFO1So 

–  Brandi Chastain coaching heading 
•  http://rockcenter.nbcnews.com/_news/

2012/05/09/11625127-soccer-star-brandi-chastain-tells-
how-young-players-can-protect-themselves 
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Potential Intervention #4 

•  Should efforts to educate coaches, parents, and 
student athletes on concussion signs and 
symptoms and concussion management be 
continued or even intensified? 

•  Educational intervention 

Trends Over Time: Compliance with 
Return to Play Guidelines (Football) 

07/08 08/09 09/10 10/11 11/12 12/13 
<1 day 11.1 3.3 0.8 0.8 1.7 0.2 
1-2 days 5.4 3.8 4.9 2.2 1.8 0.7 
3-6 days 20.5 21.3 17.5 12.8 8.1 9.0 
Season ended 0.0 0.0 8.8 12.6 10.9 13.5 

Athlete decides not 
to continue 

0.7 2.5 1.4 1.2 2.2 2.1 

% of Student Athletes in Each Category of RTP by Year 
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Potential Intervention #5 

•  Should there be limits on the amount of contact 
allowed in football practices? 

•  Educational intervention 
•  Policy intervention 

Concussion Rates per 10,000 AEs, 2013/14 
Sport Competition Rank Practice Rank 
Football 33.2 1 5.5 1 

Boys’ Ice Hockey 23.7 2 1.7 7 

Girls’ Soccer 19.9 3 2.6 4 

Boys’ Wrestling 12.5 4 3.5 2 

Boys’ Lacrosse 12.3 5 1.6 8 

Girls’ Basketball 12.0 6 1.2 11 

Boys’ Soccer 9.1 7 0.9 13 

Girls’ Field Hockey 7.6 8 1.0 12 

Girls’ Lacrosse 6.9 9 2.2 5 

Girls’ Volleyball 5.5 10 1.7 6 

Boys’ Basketball 4.0 11 1.3 10 

Girls’ Softball 3.2 12 1.5 9 

Cheerleading 1.8 13 3.4 3 
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Football Specific Concussion 
Mechanism by Type of Activity 

Mechanism Competition Practice 
Tackling 33.8% 32.5% 
Being tackled 32.7% 28.1% 
Blocking 15.6% 19.0% 
Being blocked 13.3% 13.9% 

Don’t forget about the need for cultural competency! 

Time in Season: When Do Football 
Practice Concussions Occur? 

Presason 
Reagular season 
Postseason 

Ideas for culturally acceptable intervention(s)? 



11/11/14	  

35	  

Preliminary Data: Caution When Interpreting 

•  In 2013/14 states with practice contact limits: AL, AZ, MD, TX 
•  High School RIO included 16 schools from those states 

enabling comparison to states without practice limits 
•  Practice concussion rates per 10,000AE were significantly 

lower in those four states (3.22) than other states (5.78) 
(RR=0.56, 95% CI: 0.40-0.77) 

•  No significant difference in competition concussion rates in 
those four states (30.81) than other states (31.97) (RR=0.96, 
95% CI: 0.74-1.26) 

•  No significant differences in other injuries we looked at in 
either competition or practice 

•  Similar mechanisms of injury 
–  player-player contact mechanism 

•  Competition: states with limits = 90.2%, other states = 89.0% 
•  Practice: states with limits = 94.9%, other states = 85.4% 

Take Home Messages 

•  The sporting world is leading the way in 
improving knowledge of concussion 

•  The culture has shifted although we still have a 
way to go 

•  We largely understand the epidemiology of 
sports and recreation concussion 

•  We should continue efforts to improve diagnosis 
and management 

•  We must increase the focus on prevention 
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What Can Parents Do? 

•  Evaluate the quality of the sports program 
•  Evaluate the equipment and facilities 
•  Question coaches 
•  Decide what is an acceptable level of risk 
•  Make your kids wear appropriate gear 

– Well fitted, in good condition, used consistently 
•  Understand it is ok to say no to your kids 

 “… and it did a world of good which never became manifest” 
Charles Dickens, A Tale of Two Cities 

dawn.comstock@ucdenver.edu  


