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Current State of  Concussion in Sport 
Where are we now and Where should 

we be going? 
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Purpose:   

  To conduct an inventory of  
the current information 
related to the various 
issues and management 
techniques concerning 
concussion in sport. 

  To stimulate some dialogue 
of  where we need to go 
from here. 

  Not meant to be an 
exhaustive review  

Topical Outline 
  Definition of  Concussion 

  Pathophysiology 
  Diffuse/Focal 

  Classification of  
Concussion 

  Epidemiology 

  Diagnostic Testing 
  Base line 
  Sideline 
  Clinical 
  Telemetry  

  Preventative Equipment 

  Recovery Management 

  Return to Play/learn/work 

  Chronic Concussions 
  Second Impact 
  Chronic Traumatic 

Encephalopathy (CTE) 

  Impact on the Culture of  
Sport 

Definition of  Concussion 
     The Congress of  Neurological Surgeons 

         (1966) 

  A clinical syndrome characterized by immediate and 
transient Post-traumatic impairment of  neural function 
such as alterations of  consciousness, loss of  vision or 
equilibrium etc. due to brain stem involvement due to 
mechanical forces.  

The American Congress of  
Rehabilitation Medicine  

  The American Congress of  Rehabilitation Medicine 
(ACRM; Mild Traumatic Brain Injury Committee 1993 )  

  “A traumatically induced disruption of  brain function, as 
manifested by at least one of  the following: any LOC, any 
loss of  memory for events immediately before or after 
the accident, any alteration in mental state at the time 
of  the accident, and focal neurological deficit(s) that 
may or may not be transient; but where the severity of  
the injury does not exceed the following: LOC of  
approximately 30 min or less, after 30 min an initial 
GCS score of  13–15, and posttraumatic amnesia (PTA) 
not greater than 24 h.” 

The American Academy of  
Pediatrics  

  The American Academy of  Pediatrics (AAP; 
Committee on Quality Improvement and Pediatrics 
1999).   

  minor closed head injury includes the following 
criteria: normal mental status at the initial 
examination, no abnormal or focal neurological 
findings, no physical evidence of  skull fracture, LOC 
of  less than 1 min; and can have seizures, emesis, 
headache, and lethargy immediately after the injury 
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World Health Organization 
(WHO) 

  “MTBI is an acute brain injury resulting from 
mechanical energy to the head from external 
physical forces. Operational criteria for clinical 
identification include (1) 1 or more of  the 
following: confusion or disorientation, LOC for 
30 min or less, posttraumatic amnesia for less 
than 24 h, and/or other transient neurological 
abnormalities such as focal signs, seizure, and 
intracranial lesion not requiring surgery; (2) 
Glasgow Coma Scale score of  13–15 after 30 
min pos tinjury or later upon presentation for 
healthcare.  

  ”. 

Definition of  Concussion 

  National Athletic Trainers Association (NATA) 

   a mild diffuse injury and is often referred to as 
mild TBI (MTBI). The injury involves an 
acceleration-deceleration mechanism in which a 
blow to the head or the head striking an object 
results in 1 or more of  the following conditions: 
headache, nausea, vomiting, dizziness, balance 
problems, feeling “slowed down,” fatigue, trouble 
sleeping, drowsiness, sensitivity to light or noise, 
LOC, blurred vision, difficulty remembering, or 
difficulty concentrating 

Consensus Statements on 
Concussion (1 – 4) 

  Vienna (2001) 

  “Sports concussion is defined as a complex 
pathophysiological process affecting the brain, 
induced by traumatic biomechanical forces”.  

  Refrains from defining and use of  the term Mild 
Traumatic Brain injury (mTBI) 

  Prague 2004 
  Simple and Complex Concussions 

  Zurich (2008) 
  Repealed the simple and complex definitions 
  Reverted to original definition 

4th Consensus Statement on 
Concussion 

  Zurich (2012): Consensus yet to be released.  

  Did consider trying to define “mild” injury that 
would allow same day return to play (after 15 
minutes) 
  Will not be part of  the definition 

  Dissociate concussion symptoms from cervicogenic 
pain 
  Proposed to have neck pain removed from the SCAT 

card 

4th Consensus Statement on 
Concussion 

  2012 Zurich Conference Webcasts: 

  http://f-marc.com/concussion2012/ 

  Conference Highlights (see attachment) 

Terminology 
  Bell rung 

  Ding 

  Concussion 

  Traumatic Brain Injury (TBI) 

  Mild Traumatic Brain Injury 
(mTBI) 

  Complicated Mild Traumatic Brain 
Injury 

  Minor Closed Head Injury 

  Mild Closed Head Injury 

  Simple Concussion 

  Complex Concussion 

  Sports Acquired Traumatic Brain 
Injury 
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Mild Traumatic Brain Injury 
  mTBI reinforces that there has been a brain injury 

  The term concussion may not create this awareness 
and could lead to less than optimal management 

  DeMatteo et al. 2010  

  Traumatic Brain Injury Continuum: 

  ? Concussion 

Severity Mild Moderate Severe 

GCS >13 9 - 12  < 9 

3rd Consensus statement: 
  “Panel discussion regarding the definition of  

concussion and its separation from mild traumatic 
brain injury (mTBI) was held. Although there was 
acknowledgement that the terms refer to different 
injury constructs and should not be used 
interchangeably, it was not felt that the panel would 
define mTBI for the purpose of  this document.” 

Pathophysiology 
  Structural vs Functional (metabolic) 

  Focal vs Diffuse 
  Diffuse Axonal injury (DAI) 

  Focal (subdural hematomas, epidural hematomas, 
cerebral contusions, and intracerebral hemorrhages 
and hematomas. 

  How do we know the difference on the sideline or in 
the critical period following an injury? 

Biomechanics  

  Movements: 
  Linear 
  Rotational 
  Angular 

  Combinations of  the above 

  What are the threshold measurements (ie. G-force and 
radians/s2) ? 

Classification of  Concussions 
  Glasgow Coma Scale (GCS) 

 How sensitive is this scale for concussions/
mTBI? 

  Loss of  Consciousness (LOC) 

 What is the correlation to severity? 

  Post Traumatic Amnesia (PTA) 
  Standardized tests of  PTA? 

Epidemiology 

  Range from  10 - 60% 

  Source of  data 
  Hospital emergency admissions 
  On-field data collection 
  Self  reporting   

  Generally accepted that concussions are 
underreported - How much? 
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Limitations of  Current Data 
  Varying definitions of  concussion 

  Variability in questions being asked 

  Population based vs exposure rates 

  Game vs practice statistics 

  Self  reporting vs observed and medically identified 

  Gender differences (more study of  females) 

  Sport versus recreational play 

  Lack of  data for pediatric population 

Concussion Testing   
  Sideline Testing 

  SCAT2 
  SCAT 3 

  ? Removal of  neck injury 
  ? Removal of  GCS 
  ? Substitution of  BESS for Rhomberg (NHL) 

  SCAT for non-medical persons 
  Pediatric SCAT 
  King Devick Test 

  Maddock’s  Assessment of  Concussion 

  Standardized Assessment of  Concussion 
(SAC) 

  BESS vs Modified  BESS vs Rhomberg 

On-Field Technology  
  Is there an App for that? 

CognitiveTesting   
Base line cognitive testing:  

  ImPact 
  King Devick test 
  Cogsport (cogState) 
  Axon Sports Computerized Cognitive Assessment Tool (CCAT) 

(CogState) 
  Concussion Sentinel (CogState) 
  Headminder Concussion Resolution Index (CRI) 
  CNS Vital Signs 

  Zurich 2012 preliminary statement: 

  Baseline testing not necessary to evaluate patients’ post-
concussion but SCAT could serve as an educational tool. 

  Computerized Neuropsychological testing is not necessary in 
most athletes who have a concussion but can be used in 
those whose concussion persists. 

BalanceTesting   
 Balance Error Scoring 

System (BESS) 

 Dynamic Postural 
Testing 

 Sensory Organization 
Test (SOT) 

 Specificity 

 Validity 

 Test-re-test 

Visual Acuity 
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Blood markers 
  Blood tests 

  Identifiable blood markers for brain injury 
  Axonal 

  Cell Body 

  Dendrites 

  Dallas Hack, MD, COL, US Army, 
  http://www.brainlinemilitary.org/content/

multimedia.php?id=6062   

  Dr. Linda Papa 
  Journal of  Trauma, May 2012 

Vascular markers 
  Near infrared spectroscopy  

  to examine cerebral oxygenation change 

  Transcranial Doppler  
  to measure cerebral blood flow 

 Finger plethysmography using Finometer  
   non-invasive blood pressure measure 

  Len, T.K., Neary, J.P. (2011). Cerebrovascular 
pathophysiology following mild traumatic brain injury. 
Clin Physiol Funct Imag, 31:85-33. (CIHR; SHRF) 

Imaging 
  CT scans 

  Magnetic Resonance Imaging (MRI) 

  Functional Magnetic Resonance Imaging (fMRI) 

  Diffusion Tensor Imaging (DTI) 

  High Definition Fiber Tracking (HDFT) 

Impact Telemetry Systems 
  Shockwave Impact Detection 

  Bite tech Impact Intelligence system 

  Battle Sport Science – Impact Indicator 
  Shockbox 

Impact Telemetry Systems 
  Individual tolerance/threshold to impact 

  Technologically driven decision making 

  False negatives 

  False positives 

  Legal implications 
  Go against the telemetry readings? 

Other Objective Tests 
  EEG 

  Reaction Time Measures 
  Vertical Shaft  catch test 

  Game Video Assessment 
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What seems to work 
  Clinical Impression (Experience) 

  Knowledge of  the Athlete  
  (subtle changes/honest exchange) 

  Multimodal Approach 
  SCAT2 

  Game Video 

Consequences of  Repeated 
Concussions 

 Second Impact Syndrome 
  Is this a real syndrome? 
 Who is most vulnerable 
 Male/Female/Age? 

 What is the risk threshold 
 Time from previous injury 

Consequences of  Repeated 
Concussions 

  Chronic Traumatic 
Encephalopathy (CTE) 

  Is this a real syndrome?  

  What sports are most at 
risk (football, hockey, 
soccer, Judo, etc.)   

  Who is most vulnerable?  

  Male/female/Age 
related  

  Is there a threshold for the 
number and severity of  
concussions 

Recovery/Management of  
Concussions 

  What is best practice to promote recovery? 
  Complete physical and cognitive rest 
  Progressive physical and cognitive exercises? 
  Hypobaric Oxygen Therapy 
  Activation database guided EEG biofeedback 
  Brainwave Optimization (frequency balancing) 
  Neurokinetcs 
  Chiropractic manipulation 
  Nutrition 

  Neuro-impact 

  Cervicogenic treatment 

Return to Play/Learn/Work 
  Widely accepted return to 

play guidelines 

  Need to be aligned with 
Return to Learn guidelines 
for school aged children 

  Return to Work guidelines 
may need to be developed 
for a variety of  work 
environments 
  Office/computer 
  Heavy machinery 
  Production line 

occupations 

Prevention 
  Helmets 

  Mouthguards 

  Helmet inserts 
  Noggin 

  Collar 
  http://

content.bitsontherun.c
om/previews/
bwgvF8YE-Ad3OXEIH 

  Neck Strength 

  Others?? 
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The Culture of  Sport? 
  What is or will be the impact on sport?  

  Rule changes  

  Culture of  the game  
  Impact on registration at the minor level  

  Fan tolerance for the increased number of  
concussions and the long term effects 

  Legislation 
  40 US States 

  One Canadian Province  

Thankyou 
g.bergeron@uwinnipeg.ca 
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