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Broglio et al J Neurotrauma 2011 

• 30 mph car crash wearing seatbelt = 20g 

• High school football players receive an average of 652 
head blows > 15g of force 
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Understanding Concussions 
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Concussion 

A complex pathophysiological 
process affecting the brain, 
induced by biomechanical forces 
• Either by direct blow to the head or elsewhere 

on the body with an ‘impulsive’ force 
transmitted to head 

• No abnormality on standard neuroimaging 
studies 

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

• Acute symptoms largely reflect a functional 
disturbance rather than a structural injury 
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McCrory et al. Br J Sports Med 2013;47:250-258 
(Zurich Consensus Statement, 2012) 



Concussion 

 1.6 million to 3.8 million athletes 
yearly (CDC estimate) 

• 5-9% of all sports injuries 

 

 

 Often unreported 

• Only 47.3% high school football 
players reported their injury 
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McCrea et al. Clin J Sports Med 2004;14(1) 

Harmon et al. Br J Sports Med 2013;47, 15-26 
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Number of Concussion by Sport SY 2010-14 
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Concussion Injury Rate per 1000 Exposures 
for 14 Sports during School Years 2010-2014 
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KP Hawaii Data 

Year Concussions Membership % of Membership 

2007 391 221,403 0.18% 

2008 465 222,594 0.21% 

2009 446 223,795 0.20% 

2010 569 229,186 0.25% 

2011 591 226,900 0.26% 

2012 614 224,591 0.27% 

2013 683 224,591 0.30% 

2014 678 226,603 0.30% 

2015 745 231,996 0.32% 

Total 5,182 
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KP Hawaii Data 
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Age Range 



Concussion Biomechanics 

 Forces 

• Contact 

• Inertial (acceleration) 
• Tissue strain 
• Rotational > Linear 

 

 Head Injury Mechanism 

• Impact 
• Contact + inertial 

• Impulsive 
• Inertial only 
• Head does not have to 

strike object 

16 



Concussion Biomechanics 

The patterns of tissue injury 
within the brain are different 
if the rotational acceleration 
occurs in a different plane 
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Understanding the Basis of Concussion 

 What is the effect of these 
linear and rotational 
forces on the living tissue 
and neural networks? 
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Neurometabolic Cascade 

 Energy (glucose) deficit and 
abnormal energy 
metabolism (mitochondrial 
dysfunction) 

 

 Poor cerebral (brain) 
function 
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Vulnerability 

“Concussion-induced 
pathophysiologic conditions, as 
manifested by metabolic 
perturbations, altered blood 
flow, axonal injury, and abnormal 
neural activation, reduce 
cerebral performance and make 
the brain more susceptible to 
cellular injury” 
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Barkhoudarian et al. Clin Sports Med 2011;30:33-48 

The Bottom Line: 
While the brain is injured it is 
more vulnerable to additional 
injury 

This is the fundamental basis 
guiding return to play 
guidelines and decision making 

“when is it ok to hit my head 
again?” 
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Days Missed MEAN SD 

August 1, 2013 – July 31, 2014 (n=1370) 26.15 25.17 

August 1, 2012 - July 31, 2013 (n=1140) 26.2 18.98 

August 1, 2011 - July 31, 2012 (n=845) 23.5 16.5 

Number of Days Missed 
Report from August 1, 2011 to July 31, 2014 



Concussion Evaluation “On the Field” 
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Recognize the Injury 

The Big Hit? 

Magnitude of impact 
does NOT correlate with 
clinical injury (CFB) 
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Guskiewicz et al. Neurosurgery 2007;61(6) 



Loss of Consciousness 

 Brief LOC does NOT 
correlate with concussion 
severity 

 Prolonged LOC (> 1 minute) 
has been shown to be 
associated with more 
severe injury 
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McCrory et al. Br J Sports Med 2013;47:250-258 
(Zurich Consensus Statement, 2012) 



Physical Signs 

 Loss of consciousness 
 Concussive convulsion / impact 

seizure 
 Amnesia 
 Vacant stare / glassy eyed 
 Significantly decreased playing 

ability 
 Gait unsteadiness / loss of balance 
 Poor coordination 
 Vomiting 
 Slurred speech 
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<arrows are animated> 

1 

2 



Cognitive Impairment 

 Slowed reaction time 

 Slow to answer questions 
or follow directions 

 Confusion 

 Difficulty concentrating / 
easily distracted 

 Difficulty remembering 
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Behavioral Changes 

 Irritability 

 Emotional lability 

 Displaying unusual 
or inappropriate 
emotions 

 Personality changes 

 Inappropriate 
playing behavior 
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Diagnosis 

EXAMINATION 

 Concussion symptoms 

 Physical Exam 

• Head and neck 

• Skull fracture 

• Cervical spine injury 

• Neck pain or tenderness 

• Pain w/ neck movement 

• Weakness and/or 
numbness or tingling of 
extremities 

 

 Intracranial injury 

• Neurologic examination 

• Cognitive assessment 

• Balance evaluation 
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Disposition 

 Athletes should be observed for 
the first few hours after injury 
and should not be left alone 

 Monitor for deteriorating 
mental status or worsening 
symptoms 

• Worsening headache 

• Nausea or vomiting 

• Increased lethargy 

• Focal neurologic deficits 
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Disposition 

WHEN IN DOUBT, SIT THEM OUT 
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Concussion Laws (2013) 
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• First law enacted in 2009 (Washington) 

• As of 2014, all 50 states and DC have 
passed concussion legislation 
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Concussion Legislation 

Act 197(12) 

 

Signed into law 
July 3, 2012 
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Concussion Legislation 

Act 197(12) 

 

Signed into law 
July 3, 2012 

 

Mandates 
concussion 
education at high 
school level 
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Concussion Legislation 

Act 197(12) 

Signed into law        
July 3, 2012 

Mandates removal 
of athlete from 
field of play 

Requires medical 
evaluation and 
clearance for return 
to play 



A Quick Word on Brain Imaging 

 Conventional brain scans are 
normal in concussive injury 

 Noncontrast brain CT should be 
used whenever there is concern 
for skull fracture or intracranial 
bleeding 
• Prolonged loss of consciousness 
• Focal neurological deficit 
• Worsening symptoms / clinical 

deterioration 
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McCrory et al. Br J Sports Med 2013;47:250-258 



Concussion in the Doctor’s Office 
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What Kind of Concussion Patient Will I Be? 

 “Obvious on the field” 
• Immediate symptoms and/or functional deficits 

after collision/impact 

 “Becomes obvious on the field” (i.e. “I felt worse 
the longer I played”) 
• “I got my bell rung but I thought I was ok, so I kept 

playing, but then I started to feel bad” 

 “Not obvious on the field” 

• Significant impact, but evaluation benign 
• “I was fine until I tried to go back to school / work 

on Monday” 
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Concussion Grading Scales 
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Kushner DS Am Fam Physician. 2001 Sep 15;64(6):1007-1015  

1986 

1991 

1997 



Concussion Guideline Updates 

 4th International Conference on 
Concussion in Sport, Zurich, 
November 2012 
• 1st, Vienna 2001 
• 2nd, Prague 2004 
• 3rd, Zurich 2008  

 

 Guideline update: evaluation 
and management of concussion 
in sports: American Academy of 
Neurology, 2013 
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 American Medical Society for Sports Medicine position 
statement: concussion in sport, 2013 

McCrory et al. Br J Sports Med 2013;47:250-258 

Harmon et al. Br J Sports Med 2013;47, 15-26 

Giza et al. Neurology; published online before print March 18,2013; DOI 10.1212/WNL.0b013e31828d57dd 



Concussion Management 

 Physical and cognitive rest until 
acute symptoms resolve 

 Graded program of exertion 
prior to medical clearance and 
return to play 

 Athlete should be free of 
concussion symptoms at rest as 
well as during and after 
exertion before returning to full 
participation 
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McCrory et al. Br J Sports Med 2013;47:250-258 
(Zurich Consensus Statement, 2012) 



Concussion Evaluation 

 HISTORY 
• Graded symptom checklist (GSS) 

 PHYSICAL EXAMINATION 

 OBJECTIVE TESTING 
• VOMS 
• BESS 
• +/- Neuropsychological Testing 

 ANTICIPATORY GUIDANCE 
• Physical activity restrictions 
• Cognitive restrictions 
• School accommodations (504 plan) 

 COMMUNICATION WITH SCHOOL / TRAINING ROOM 

 FOLLOW UP 
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Concussion Evaluation 

 HISTORY 
• Graded symptom checklist (GSS) 

42 



Symptoms 
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• Headache 
• “Pressure in head” 
• Neck pain 
• Nausea or vomiting 
• Dizziness 
• Blurred vision / double vision / 

“seeing stars” 
• Balance problems / 

unsteadiness 
• Sensitivity to light 
• Sensitivity to noise 
• Ringing in ears 
• Fatigue or Low energy 
• Drowsiness 
• Trouble falling asleep 

• More emotional 
• Irritability 
• Sadness 
• Nervous or Anxious 

• Feeling slowed down 
• Feeling like “in a fog” 
• “Don’t feel right” 
• Difficulty concentrating 
• Difficulty remembering 
• Confusion 

Somatic 

Emotional 

Cognitive 
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Concussion Evaluation 

 HISTORY 
• Graded symptom checklist (GSS) 

45 

“Take me through your day.”   
“What do you feel?”  
“What do you struggle with?” 

Clinical pearl: in general, concussions 
don’t seem to cause new clinical 
conditions, rather they “amplify” 
conditions that might be subclinical 
(e.g. ADHD, depression, etc.) 



Concussion Evaluation 

 HISTORY 
• Graded symptom checklist (GSS) 

 PHYSICAL EXAMINATION 
• Neurologic Exam 

 OBJECTIVE TESTING 
• VOMS 
• BESS 
• +/- Neuropsychological Testing 

 ANTICIPATORY GUIDANCE 
• Physical activity restrictions 
• Cognitive restrictions 
• School accommodations (504 Plan) 

 COMMUNICATION WITH SCHOOL / TRAINING ROOM 

 FOLLOW UP 
46 



Concussion Evaluation 

 HISTORY 
• Graded symptom checklist (GSS) 

 PHYSICAL EXAMINATION 

 OBJECTIVE TESTING 
• VOMS 
• BESS 
• +/- Neuropsychological Testing 

 ANTICIPATORY GUIDANCE 
• Physical activity restrictions 
• Cognitive restrictions 
• School accommodations (504 plan) 

 COMMUNICATION WITH SCHOOL / TRAINING ROOM 

 FOLLOW UP 
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Academic Accommodations – Return to Learn 
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How Do We Make These Decisions? 

• Light / noise / crowds? 

• Riding in a car? 

• Physical exertion? 

• Reading books? 

• Looking at a computer 
screen or tablet? 

• Texting? 

• Social media? 

• Video games? 

• Specific school subjects? 

• Physical exertion? 

50 

Get specific information on what bothers  
the patient and adjust accordingly 



Relationship Between the Time in Each Step 
with the Return to Play Guideline 

51 

n = 375 2010 - 2012 2013 - 2014 

Cognitive Rest 3.0 3.0 Step 1 - 2 

Return to School 
Full Time 

9.9 13.7 Step 2 - 3 

Light Exercise 2.0 2.3 Step 3 - 4 

Run/No Equipment 2.1 2.2 Step 4 - 5 

Non – Contact 2.6 2.8 Step 5 - 6 

Full Contact /  
No restrictions 

2.7 2.1 Step 6 - 7 

Shimizu et al. NATA Abstract 2013  
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• Appropriate home/school 
accommodation 

• Emphasis on sleep hygiene 

• Appropriate nutrition 

• Exercise 

• Socialization 

• Graduated return 

Think of Concussion Management as  
“Return to Life” = Concussion Rx 



Concussion Evaluation 

 HISTORY 
• Graded symptom checklist (GSS) 

 PHYSICAL EXAMINATION 

 OBJECTIVE TESTING 
• VOMS 
• BESS 
• +/- Neuropsychological Testing 

 ANTICIPATORY GUIDANCE 
• Physical activity restrictions 
• Cognitive restrictions 
• School accommodations (504 plan) 

 COMMUNICATION WITH SCHOOL / TRAINING ROOM 

 FOLLOW UP 
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Communicate with the School / Coach:  
Medical Referral Form for Concussed Athlete 
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When Do I Refer to Sports Medicine? 

 “Difficult to manage” concussion 

• Atypical symptoms 

 

 Complicated concussion 

• Symptoms persisting > 7-10 days in 
adults and > 3 weeks in youth 

• Failure to progress 
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Sports Medicine Clinic 
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Kaiser Permanente Concussion Task Force 
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What about CTE? 
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Chronic Traumatic Encephalopathy 

 Chronic traumatic encephalopathy (CTE) is a 
progressive neurodegenerative disease 
characterized by the abnormal accumulation of 
hyperphosphorylated tau (p-tau) protein within 
the brain 

 At the present time, CTE remains a diagnosis 
that can only be made definitively upon 
neuropathological examination of the brain at 
autopsy 
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Acta Neuropathol. 2016 Jan;131(1):75-86. doi: 10.1007/s00401-015-1515-z. Epub 2015 Dec 14. 
The first NINDS/NIBIB consensus meeting to define neuropathological criteria for the diagnosis of chronic 
traumatic encephalopathy. 
McKee AC 

Source: Boston University Center for the 
Study of Traumatic Encephalopathy 



Chronic Traumatic Encephalopathy 

 All confirmed CTE has hx of repetitive brain 
impact (not necessarily professional athlete)     
McKee 2013 

 CTE has not yet been found in anyone without 
a history of brain trauma/athletic exposure     
Montinegro 2015 
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Public Perception 

 Is CTE common?   

 Everyone that gets CTE has exposure to repetitive hits, 
but not everyone that gets hit gets CTE – what are the 
risks for CTE? 
• Age at first exposure 

• Age 9-12 averages 240 hits per season Cobb 2013 

• In former NFL starting football < 12 had worse memory and executive 
function vs. those starting > 12 years old     Stamm Neurology 2015 

 Difficult to answer any of these questions until we are 
able to diagnose CTE during life 
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We don’t know 

We don’t know 



What’s the Big Concern? 

 How many are at risk? 

 

 The incidence of repetitive 
subconcussive blows is 
much greater than 
concussion incidence 

62 



What Do I Tell Parents about CTE? 

 Activities that result in impacts to the 
brain carry some risk of development 
of CTE and neurodegenerative disease, 
but we don’t know how much 
(informed consent) 

 We don’t know what factors contribute 
to a person’s individual susceptibility to 
developing CTE or what determines 
whether that person will suffer from 
clinically apparent neurocognitive 
decline, or how much 

 Consider avoiding head contact sports 
until after age 12 
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Thank You! 
Gale Prentiss, MD 
Primary Care Sports Medicine 

Benjamin Chun, MD 
Primary Care Sports Medicine 



Helmets 

 Effective at reducing linear acceleration forces 

• Skull fracture 

• Intracranial bleeding 

 Poor at reducing angular acceleration forces 
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Helmets 

 

 2005 – 2010: 8 collegiate football teams 

• 64 concussions in 1,281,444 head impacts 

 Relative risk of concussion 46.1% in Riddell 
Revolution helmet vs Riddell VSR4 helmet 
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Helmets 

 2012 – 2013: High school football 

 2081 players 

 211 concussions 

 No difference in concussion incidence between 
Riddel, Schutt, or Xenith helmets 

 Rate of concussion higher in players wearing 
custom mouth guard vs generic 
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McGuine et al. Am J Sports Med. 2014 



Mouth Guards 

 No strong evidence exists for the use of mouth 
guards to prevent concussions 
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HCAMP Website 
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