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CURRENT	  TRENDS	  IN	  CONCUSSION	  MANAGEMENT	  AMONG	  ATHLETIC	  TRAINERS	  IN	  DIFFERENT	  	  

WORKPLACE	  SETTINGS	  
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	   Context:	  There	  are	  many	  techniques	  used	  by	  athletic	  trainers	  in	  the	  management	  of	  

concussions.	  Athletic	  trainers	  may	  use	  different	  management	  methods	  based	  on	  workplace	  

setting	  but	  it	  is	  unclear	  what	  those	  differences	  may	  be.	  Objective:	  To	  determine	  the	  current	  

concussion	  management	  protocols	  used	  by	  athletic	  trainers	  in	  different	  workplace	  settings.	  

Design:	  Quantitative	  analysis.	  Setting:	  Web-‐based	  survey.	  Patients	  or	  Other	  Participants:	  A	  link	  

to	  an	  online	  survey	  was	  sent	  to	  1000	  Certified	  Athletic	  Trainers	  through	  the	  National	  Athletic	  

Trainers’	  Association.	  One	  hundred	  twenty-‐seven	  participants	  responded	  to	  the	  survey	  from	  the	  

following	  settings:	  College	  (n=35),	  High	  School	  (n=72),	  Non-‐Academic	  (n=20).	  Main	  Outcome	  

Measure(s):	  Data	  was	  collected	  describing	  the	  practices	  used	  by	  athletic	  trainers	  in	  the	  diagnosis	  

and	  management	  of	  a	  concussion,	  as	  well	  as	  the	  return	  to	  play	  process	  following	  a	  concussive	  

injury.	  Additional	  information	  described	  the	  involvement	  of	  a	  physician	  or	  sports	  medicine	  team	  

throughout	  the	  process.	  Results:	  Participants	  reported	  managing	  21.55	  ±	  22.18	  concussions	  in	  

an	  average	  year.	  High	  school	  athletic	  trainers	  diagnosed	  84.7%	  of	  all	  concussions	  and	  made	  

return	  to	  play	  decisions	  72.2%	  of	  the	  time.	  The	  ImPACT	  test	  was	  used	  most	  often	  in	  this	  setting.	  

A	  total	  of	  88.6%	  of	  college	  athletic	  trainers	  reported	  having	  an	  assigned	  physician	  at	  their	  

current	  workplace.	  A	  physician	  or	  sports	  medicine	  team	  was	  typically	  responsible	  for	  diagnosing	  
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concussions	  and	  making	  return	  to	  play	  decisions.	  Athletic	  trainers	  in	  non-‐academic	  settings	  refer	  

to	  physicians	  for	  concussion	  diagnoses	  and	  return	  to	  play	  decisions.	  Conclusions:	  This	  study	  

identified	  a	  number	  of	  differences	  in	  concussion	  practices	  among	  athletic	  trainers	  in	  different	  

workplaces	  settings.	  In	  addition,	  the	  presence	  and	  involvement	  of	  a	  physician	  varied	  a	  

considerable	  amount	  in	  the	  different	  settings.	  High	  school	  athletic	  trainers	  are	  primarily	  

responsible	  for	  diagnosing	  and	  managing	  concussions	  more	  often	  than	  athletic	  trainers	  in	  the	  

college	  and	  non-‐academic	  settings.	  Key	  Words:	  concussion	  management,	  return	  to	  play	  

guidelines	  
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1	  

CHAPTER	  I	  

CURRENT	  TRENDS	  IN	  CONCUSSION	  MANAGEMENT	  AMONG	  ATHLETIC	  TRAINERS	  IN	  

DIFFERENT	  WORKPLACE	  SETTINGS	  

	  

Introduction	  

Concussions	  are	  complex	  pathophysiological	  processes	  affecting	  the	  brain	  that	  are	  

caused	  by	  traumatic	  biomechanical	  forces.1–3	  The	  decision	  to	  return	  an	  athlete	  to	  play	  after	  a	  

concussion	  can	  be	  very	  difficult	  for	  the	  sports	  medicine	  professional.	  In	  the	  past,	  a	  generic	  

approach	  was	  taken	  to	  the	  assessment,	  management,	  and	  treatment	  of	  concussions,	  where	  all	  

concussions	  were	  handled	  equally	  regardless	  of	  symptom	  severity	  and	  loss	  of	  consciousness.4	  

However,	  the	  American	  Orthopaedic	  Society	  for	  Sports	  Medicine	  (AOSSM)	  developed	  a	  set	  of	  

guidelines	  in	  the	  late	  1990’s	  which	  focused	  on	  a	  more	  individualized	  concussion	  management	  

protocol.4	  

Traditionally,	  a	  symptom	  checklist	  has	  been	  used	  as	  a	  guideline	  for	  return	  to	  play	  

decision-‐making.	  Several	  protocols	  have	  been	  developed	  around	  this	  idea;	  however,	  relying	  

solely	  on	  symptom	  reporting	  can	  be	  problematic	  as	  some	  athletes	  will	  underreport	  symptoms	  in	  

order	  to	  return	  to	  play	  sooner.5	  This	  has	  caused	  current	  trends	  to	  shift	  towards	  a	  multi-‐faceted	  

approach	  when	  returning	  athletes	  to	  competition.	  This	  approach	  includes	  a	  graded	  symptom	  

checklist,	  neuropsychological	  testing	  and	  balance	  assessment.3,6	  
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Guidelines	  established	  at	  the	  2001	  International	  Conference	  on	  Concussion	  in	  Sport	  in	  

Vienna	  advocate	  a	  stepwise	  return-‐to-‐play	  program	  with	  gradually	  increasing	  intensity,	  starting	  

with	  complete	  rest	  and	  ending	  with	  a	  return	  to	  game	  play.1	  These	  guidelines	  have	  remained	  

constant	  throughout	  subsequent	  conferences.	  This	  program	  should	  be	  implemented	  once	  the	  

athlete	  reports	  being	  symptom-‐free	  and	  neurocognitive	  tests	  return	  to	  baseline	  scores.1–3	  The	  

National	  Athletic	  Trainers’	  Association	  suggests	  a	  similar	  protocol.5,6	  

While	  athletic	  trainers	  often	  deal	  directly	  with	  concussed	  athletes,	  medical	  clearance	  by	  

a	  physician	  may	  be	  required	  before	  the	  athlete	  can	  return	  to	  competition.	  High	  level	  sports	  

teams	  often	  have	  an	  assigned	  physician	  who	  has	  been	  involved	  throughout	  the	  injury.	  However,	  

many	  athletes	  will	  obtain	  clearance	  from	  a	  physician	  who	  has	  not	  been	  present	  throughout	  the	  

post-‐concussion	  progression,	  and	  who	  may	  not	  be	  familiar	  with	  current	  concussion	  assessment	  

and	  management	  practices.	  

Several	  studies7–9	  have	  examined	  the	  current	  techniques	  used	  by	  athletic	  trainers	  in	  the	  

assessment	  and	  management	  of	  concussions.	  The	  results	  of	  these	  studies	  have	  indicated	  that	  

while	  athletic	  trainers	  are	  using	  a	  variety	  of	  methods	  to	  diagnose	  and	  manage	  concussions,	  they	  

are	  still	  lacking	  in	  some	  areas.	  One	  study7	  in	  2005	  found	  that	  97%	  of	  respondents	  were	  not	  using	  

all	  three	  suggested	  components	  of	  the	  multi-‐faceted	  approach	  in	  return	  to	  play	  decision	  making.	  

Since	  2005,	  the	  use	  of	  neuropsychological	  testing	  and	  the	  BESS	  test	  for	  balance	  have	  increased	  

among	  athletic	  trainers.7,9	  

A	  2013	  study9	  identified	  differences	  in	  concussion	  management	  and	  return	  to	  play	  

decision	  making	  based	  on	  workplace	  setting.	  Athletic	  trainers	  in	  the	  high	  school	  setting	  typically	  

used	  non-‐computerized	  neurocognitive	  testing	  and	  relied	  on	  return-‐to-‐play	  guidelines	  and	  
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physician	  recommendations	  for	  return	  to	  play	  decision-‐making.9	  Conversely,	  athletic	  trainers	  in	  

the	  college	  setting	  used	  neurocognitive	  testing,	  BESS,	  SCAT2	  and	  symptom	  checklists	  to	  make	  

return	  to	  play	  decisions.	  They	  were	  also	  more	  likely	  to	  make	  these	  decisions	  on	  their	  own	  rather	  

than	  referring	  athletes	  to	  a	  physician.9	  

While	  these	  studies	  provide	  some	  insight	  into	  the	  techniques	  used	  by	  athletic	  trainers	  to	  

appropriately	  manage	  a	  concussion,	  there	  is	  limited	  research	  to	  show	  which	  practices	  are	  being	  

used	  in	  different	  workplace	  settings.	  Therefore,	  the	  purpose	  of	  this	  study	  is	  to	  determine	  the	  

current	  concussion	  management	  protocols	  used	  by	  athletic	  trainers	  in	  different	  workplace	  

settings	  for	  a	  safe	  and	  effective	  return	  to	  play.	  In	  addition,	  this	  study	  looked	  at	  physician	  

involvement	  during	  the	  process.	  It	  is	  hypothesized	  that	  athletic	  trainers	  will	  be	  varied	  in	  their	  

protocols	  based	  on	  their	  work	  environment	  

Methods	  

The	  design	  of	  the	  study	  was	  a	  quantitative	  analysis	  of	  the	  current	  trends	  in	  concussion	  

management	  and	  return	  to	  play	  protocols	  among	  athletic	  trainers	  in	  different	  workplace	  

settings.	  

Participants	  

Participants	  consisted	  of	  1000	  members	  randomly	  selected	  from	  the	  National	  Athletic	  

Trainers’	  Association	  (NATA)	  database.	  All	  participants	  were	  Certified	  Athletic	  Trainers	  from	  a	  

variety	  of	  work	  settings.	  Any	  participant	  who	  indicated	  that	  they	  were	  not	  currently	  practicing	  as	  

an	  athletic	  trainer	  was	  excluded	  from	  the	  study.	  	  

Consent	  to	  participate	  in	  the	  study	  was	  implied	  by	  completing	  the	  survey.	  Participants	  

were	  permitted	  to	  omit	  answering	  questions	  if	  they	  chose	  to	  do	  so.	  The	  Institutional	  Review	  

Board	  approved	  the	  study.	  
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One	  hundred	  thirty-‐four	  athletic	  trainers	  completed	  the	  study.	  Seven	  respondents	  

indicated	  that	  they	  were	  not	  currently	  practicing	  or	  were	  working	  in	  an	  administrative	  role	  and	  

were	  excluded	  from	  the	  study,	  leaving	  a	  total	  of	  127	  responses.	  Respondents	  were	  grouped	  into	  

three	  categories	  based	  on	  workplace	  setting:	  high	  school	  (n=72),	  college	  (n=35),	  and	  non-‐

academic	  (n=20).	  College	  athletic	  trainers	  came	  from	  Division	  I,	  II	  and	  III	  athletics,	  club	  sports	  

and	  fine	  arts	  programs.	  Athletic	  trainers	  from	  non-‐academic	  settings	  worked	  in	  private	  clinics,	  

hospitals,	  law	  enforcement,	  military,	  government	  and	  industrial	  settings.	  

Respondents	  reported	  having	  an	  average	  of	  11.4	  ±	  8.6	  years	  of	  experience.	  The	  most	  

common	  sports	  covered	  by	  respondents	  were	  football,	  baseball/softball,	  basketball,	  volleyball,	  

soccer,	  wrestling,	  track	  and	  field,	  and	  lacrosse.	  

Instruments	  

An	  online	  survey	  was	  used	  to	  collect	  data.	  The	  survey	  was	  hosted	  by	  Select	  Survey	  and	  

took	  approximately	  10	  –	  15	  minutes	  to	  complete.	  The	  survey	  included	  general	  questions	  on	  

demographics,	  number	  of	  years	  certified,	  job	  description	  and	  work	  setting.	  A	  second	  section	  

focused	  on	  concussion	  education	  received	  during	  schooling	  and	  in	  continuing	  education	  courses,	  

number	  of	  concussions	  seen	  per	  year	  at	  current	  job,	  typical	  concussion	  diagnostic	  tools	  used,	  

concussion	  treatment	  used,	  and	  return	  to	  play	  considerations.	  In	  addition,	  several	  questions	  

were	  used	  to	  determine	  the	  presence	  of	  a	  physician	  and	  the	  physician’s	  involvement	  throughout	  

the	  process.	  Participants	  were	  free	  to	  withdraw	  from	  the	  survey	  at	  any	  time	  and	  were	  not	  

required	  to	  complete	  all	  questions.	  
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Procedures	  

	   An	  email	  with	  a	  link	  to	  the	  survey	  was	  sent	  to	  1000	  certified	  athletic	  trainers	  randomly	  

generated	  through	  the	  NATA’s	  survey	  service.	  Participants	  were	  given	  four	  weeks	  to	  return	  the	  

survey	  and	  sent	  a	  reminder	  at	  the	  halfway	  point.	  	  

Statistical	  Analysis	  

Data	  was	  analyzed	  using	  Microsoft	  Excel	  Version	  14.3.7	  (Microsoft	  Corporation,	  2010	  

and	  SPSS	  Version	  20	  (IBM,	  2011,	  Chicago	  IL).	  A	  chi-‐square	  test	  of	  independence	  was	  used	  to	  

determine	  associations	  among	  the	  data.	  The	  α	  level	  was	  set	  a	  priori	  at	  .05	  for	  all	  tests.	  

Results	  

Concussion	  Frequency	  

Overall,	  athletic	  trainers	  reported	  21.55	  ±	  22.18	  concussions	  per	  year.	  The	  average	  

number	  of	  concussions	  per	  year	  was	  highest	  in	  the	  high	  school	  setting,	  with	  athletic	  trainers	  

managing	  27.52	  ±	  22.98	  concussions	  per	  year.	  In	  the	  college	  setting,	  11.90	  ±	  12.67	  were	  

observed	  each	  year,	  while	  the	  non-‐academic	  settings	  saw	  an	  average	  of	  15.63	  ±	  25.10	  

concussions	  per	  year.	  

Concussion	  Diagnosis	  

Across	  all	  work	  settings,	  the	  athletic	  trainer	  was	  responsible	  for	  diagnosing	  a	  concussion	  

66.9%	  of	  the	  time,	  with	  a	  combined	  effort	  from	  the	  sports	  medicine	  team	  as	  the	  second	  most	  

common	  answer	  selected	  (χ2
127=36.922,	  p<0.001,	  Cramer’s	  V=0.381).	  When	  separated	  into	  work	  

setting,	  high	  school	  athletic	  trainers	  were	  twice	  as	  likely	  to	  be	  responsible	  for	  making	  this	  

decision	  compared	  to	  athletic	  trainers	  in	  the	  college	  or	  non-‐academic	  setting,	  and	  diagnosed	  

84.7%	  of	  all	  concussions.	  College	  athletic	  trainers	  were	  responsible	  for	  diagnosing	  45.7%	  of	  

concussions,	  whereas	  a	  sports	  medicine	  team	  or	  team	  physician	  were	  equally	  as	  likely	  to	  
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diagnose	  a	  concussion	  and	  combined	  for	  45.7%	  of	  all	  diagnoses.	  Similar	  results	  were	  seen	  in	  the	  

non-‐academic	  setting,	  with	  athletic	  trainers	  diagnosing	  40.0%	  of	  concussions	  and	  a	  sports	  

medicine	  team	  or	  team	  physician	  diagnosing	  a	  combined	  total	  of	  45.0%	  of	  all	  concussions.	  

A	  significant	  difference	  was	  seen	  in	  the	  use	  of	  the	  ImPACT	  test	  in	  different	  settings.	  A	  

total	  of	  62.2%	  of	  respondents	  used	  the	  ImPACT	  test	  as	  part	  of	  their	  concussion	  diagnosis	  

(χ2
127=9.751,	  p=0.008,	  Cramer’s	  V=0.277).	  In	  the	  high	  school	  setting,	  the	  ImPACT	  test	  was	  used	  

by	  72.2%	  of	  respondents.	  College	  athletic	  trainers	  used	  ImPACT	  57.1%	  of	  the	  time,	  while	  non-‐

academic	  athletic	  trainers	  used	  the	  test	  35.0%	  of	  the	  time.	  

Concussion	  Management	  

Some	  differences	  were	  seen	  in	  the	  techniques	  used	  by	  athletic	  trainers	  to	  manage	  the	  

symptoms	  of	  a	  concussion.	  Bed	  rest	  was	  used	  as	  a	  management	  strategy	  by	  42.2%	  of	  athletic	  

trainers	  in	  the	  study	  (χ2
127=7.607,	  p=0.022,	  Cramer’s	  V=0.245).	  When	  separated	  into	  work	  

setting,	  bed	  rest	  was	  used	  more	  often	  in	  the	  high	  school	  setting	  (52.8%)	  than	  in	  college	  (25.7%)	  

or	  non-‐academic	  (35.0%)	  settings.	  	  

Activity	  modification	  was	  another	  strategy	  commonly	  used	  in	  the	  treatment	  of	  a	  

concussion.	  A	  total	  of	  81.9%	  of	  all	  respondents	  reported	  using	  activity	  modification	  (χ2
127=8.590,	  

p=0.014,	  Cramer’s	  V=0.260).	  College	  athletic	  trainers	  were	  least	  likely	  to	  use	  activity	  

modification	  as	  treatment	  for	  concussion	  symptoms,	  with	  only	  65.7%	  of	  college	  athletic	  trainers	  

using	  this	  strategy.	  Activity	  modification	  was	  used	  more	  often	  in	  other	  settings,	  with	  87.5%	  of	  

high	  school	  and	  90.0%	  of	  non-‐academic	  athletic	  trainers	  selecting	  this	  response.	  

Return	  to	  Play	  Decision	  

	   Some	  differences	  existed	  between	  work	  settings	  as	  to	  who	  was	  responsible	  for	  deciding	  

whether	  or	  not	  an	  athlete	  is	  ready	  to	  return	  to	  play.	  In	  the	  high	  school	  setting,	  72.2%	  of	  athletic	  
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trainers	  reported	  that	  they	  were	  responsible	  for	  making	  this	  decision	  (χ2
127=49.357,	  p<0.001,	  

Cramer’s	  V=0.441).	  In	  the	  college	  setting,	  the	  team	  physician	  was	  selected	  as	  the	  primary	  

decision-‐maker	  by	  34.3%	  of	  athletic	  trainers.	  An	  additional	  28.6%	  selected	  sports	  medicine	  

team,	  and	  22.9%	  reported	  that	  the	  athletic	  trainer	  made	  this	  decision.	  In	  the	  non-‐academic	  

settings,	  many	  different	  individuals	  made	  the	  return	  to	  play	  decision,	  including	  the	  athletic	  

trainer,	  team	  physician,	  sports	  medicine	  team	  and	  a	  general	  practitioner.	  

A	  step-‐wise	  return	  to	  play	  process,	  which	  is	  regularly	  advocated	  at	  the	  International	  

Conference	  on	  Concussion	  in	  Sport1–3,	  is	  used	  by	  many	  athletic	  trainers	  to	  progressively	  return	  

an	  athlete	  to	  competition.	  A	  total	  of	  70.1%	  of	  all	  athletic	  trainers	  in	  this	  study	  reported	  using	  

this	  process	  (χ2
127=7.245,	  p=0.027,	  Cramer’s	  V=0.239).	  However,	  there	  are	  differences	  between	  

workplace	  settings.	  High	  school	  athletic	  trainers	  (79.2%)	  use	  this	  process	  more	  than	  those	  in	  

college	  (54.3%)	  or	  non-‐academic	  (65.0%)	  settings.	  	  

Presence	  and	  Involvement	  of	  a	  Doctor	  

A	  chi-‐square	  test	  for	  independence	  indicated	  an	  association	  between	  workplace	  setting	  

and	  the	  presence	  of	  an	  assigned	  doctor,	  χ2	  (1,	  n=127)	  =	  11.639,	  p=0.003,	  Cramer’s	  V	  =	  0.303.	  

Athletic	  Trainers	  working	  in	  a	  college	  setting	  reported	  having	  a	  doctor	  assigned	  to	  their	  

workplace	  in	  88.6%	  of	  cases,	  while	  those	  in	  high	  school	  or	  non-‐academic	  settings	  only	  had	  an	  

assigned	  doctor	  in	  55.65%	  and	  60%	  of	  cases,	  respectively.	  

Of	  those	  who	  reported	  having	  an	  assigned	  doctor,	  57.1%	  of	  collegiate	  Athletic	  Trainers	  

listed	  a	  general	  practitioner	  or	  family	  doctor	  as	  the	  physician	  in	  charge	  of	  the	  care	  of	  their	  

athletes.	  This	  is	  a	  significant	  difference	  from	  high	  school	  (20.8%)	  and	  non-‐academic	  Athletic	  

Trainers	  (25.0%)	  (χ2127=14.855,	  p=0.001,	  Cramer’s	  V=0.342).	  
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Participants	  who	  reported	  having	  an	  assigned	  doctor	  were	  asked	  to	  rate	  the	  doctor’s	  

involvement	  throughout	  the	  concussion	  process	  on	  a	  scale	  of	  0	  –	  10,	  with	  0=not	  at	  all	  involved	  

and	  10=involved	  in	  every	  step	  of	  the	  process.	  Overall,	  athletic	  trainers	  reported	  5.6/10	  on	  the	  

scale.	  Doctors	  in	  the	  college	  (6.6/10)	  and	  non-‐academic	  (6.2/10)	  settings	  appeared	  to	  be	  more	  

involved	  than	  those	  in	  the	  high	  school	  setting	  (4.7/10).	  

These	  same	  participants	  were	  also	  asked	  to	  rate	  their	  assigned	  doctor’s	  ability	  to	  

properly	  manage	  a	  concussion.	  A	  scale	  of	  0-‐10	  was	  used,	  with	  0=not	  at	  all	  confident	  in	  doctor’s	  

ability	  and	  10=extremely	  confident	  in	  doctor’s	  ability.	  Overall,	  athletic	  trainers	  with	  an	  assigned	  

doctor	  rated	  his	  or	  her	  ability	  at	  7.8/10.	  Athletic	  trainers	  in	  the	  college	  setting	  were	  most	  

confident	  with	  their	  doctor’s	  concussion	  management	  skills,	  giving	  an	  average	  rating	  of	  9.4/10.	  

High	  school	  athletic	  trainers	  rated	  their	  doctors	  a	  7.4/10,	  while	  those	  in	  non-‐academic	  settings	  

only	  averaged	  a	  rating	  of	  6.2/10.	  

Concussion	  Preparedness	  

Participants	  were	  asked	  a	  series	  of	  questions	  regarding	  concussion	  preparedness.	  Each	  

question	  was	  rated	  on	  a	  scale	  of	  0	  –	  10,	  with	  0	  =	  not	  at	  all	  prepared	  and	  10	  =	  extremely	  well	  

prepared.	  

When	  asked	  if	  they	  felt	  that	  they	  received	  enough	  education	  on	  concussion	  

management	  during	  post-‐secondary	  education	  to	  become	  an	  athletic	  trainer,	  participants	  

reported	  an	  average	  of	  6.9/10.	  Athletic	  trainers	  rated	  themselves	  as	  9.3/10	  when	  asked	  if	  they	  

felt	  they	  were	  currently	  prepared	  to	  manage	  a	  concussion,	  should	  the	  situation	  arise.	  Over	  

three-‐quarters	  of	  respondents	  (78.7%)	  believe	  that	  their	  current	  work	  setting	  is	  adequately	  

prepared	  to	  manage	  a	  concussion.	  No	  significant	  differences	  were	  seen	  between	  groups	  for	  

these	  variables.	  
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Discussion	  

The	  data	  from	  this	  study	  indicates	  that	  there	  are	  several	  important	  differences	  in	  

concussion	  practices	  of	  athletic	  trainers	  in	  different	  workplace	  settings.	  In	  most	  cases,	  the	  

greatest	  difference	  was	  observed	  between	  college	  and	  non-‐academic	  settings.	  High	  school	  

settings	  had	  similarities	  to	  both	  college	  and	  non-‐academic	  settings.	  Athletic	  trainers	  in	  high	  

schools	  appear	  to	  have	  the	  most	  responsibility	  in	  diagnosing	  and	  managing	  a	  concussion,	  as	  well	  

as	  deciding	  how	  and	  when	  to	  return	  an	  athlete	  to	  play.	  In	  the	  college	  and	  non-‐academic	  

settings,	  input	  from	  physicians	  and	  sports	  medicine	  teams	  were	  more	  common.	  	  

There	  was	  a	  difference	  in	  concussion	  frequency	  compared	  to	  previous	  studies.	  A	  study	  

from	  19998	  reported	  an	  average	  of	  7.0	  concussion	  every	  year.	  That	  number	  rose	  to	  8.2	  in	  20057,	  

10.7	  in	  20139	  and	  21.6	  as	  a	  result	  from	  this	  study.	  The	  reason	  for	  this	  increase	  could	  be	  due	  to	  

the	  continued	  prevalence	  of	  concussion	  information	  in	  the	  media	  and	  literature,	  as	  well	  as	  the	  

fact	  that	  many	  respondents	  from	  this	  study	  work	  in	  contact	  sports.	  

In	  the	  high	  school	  setting,	  athletic	  trainers	  were	  nearly	  twice	  as	  likely	  to	  be	  the	  person	  

responsible	  for	  diagnosing	  a	  concussion	  compared	  to	  college	  or	  non-‐academic	  settings.	  The	  

ImPACT	  test	  was	  also	  used	  more	  often	  at	  the	  high	  school	  level	  than	  in	  other	  settings.	  This	  is	  in	  

contrast	  to	  a	  2013	  study9,	  in	  which	  college	  settings	  used	  computerized	  neuropsychological	  

testing	  more	  often	  than	  high	  schools.	  Bed	  rest	  was	  used	  as	  a	  management	  strategy	  more	  often	  

in	  high	  schools	  than	  any	  other	  setting.	  Most	  athletic	  trainers	  at	  this	  level	  also	  used	  activity	  

modification	  in	  the	  management	  of	  a	  concussion.	  High	  school	  athletic	  trainers	  were	  relied	  on	  to	  

make	  return	  to	  play	  decisions	  more	  often	  than	  those	  in	  college	  and	  non-‐academic	  settings,	  with	  

72.2%	  of	  high	  school	  athletic	  trainers	  reporting	  that	  they	  were	  the	  person	  in	  charge	  of	  this	  

decision.	  A	  step-‐wise	  return	  to	  play	  protocol,	  where	  the	  athlete	  is	  gradually	  returned	  to	  
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competition	  through	  progressively	  intensified	  physical	  activity,	  was	  used	  in	  many	  high	  school	  

settings.	  It	  is	  interesting	  to	  note	  that	  although	  the	  ImPACT	  test	  was	  used	  most	  at	  the	  high	  school	  

level	  in	  diagnosis,	  there	  were	  no	  significant	  differences	  in	  settings	  with	  regards	  to	  the	  use	  of	  this	  

test	  in	  the	  return	  to	  play	  process.	  The	  presence	  of	  a	  physician	  at	  the	  high	  school	  level	  was	  much	  

less	  common	  than	  at	  the	  college	  level.	  If	  a	  physician	  was	  present,	  they	  appeared	  to	  be	  less	  

involved	  throughout	  the	  process	  than	  a	  college-‐level	  physician.	  High	  school	  athletic	  trainers	  also	  

seemed	  to	  be	  less	  confident	  in	  their	  physician’s	  concussion	  management	  abilities.	  

At	  the	  college	  level,	  the	  concussion	  management	  process	  was	  somewhat	  different	  than	  

that	  of	  a	  high	  school.	  Physicians	  were	  present	  in	  many	  more	  cases,	  and	  often	  were	  responsible	  

for	  making	  diagnoses	  and	  return	  to	  play	  decisions.	  Athletic	  trainers	  worked	  in	  conjunction	  with	  a	  

sports	  medicine	  team	  more	  often	  than	  the	  other	  settings.	  This	  finding	  is	  in	  contrast	  to	  that	  of	  a	  

2013	  study9,	  where	  athletic	  trainers	  at	  the	  college	  level	  made	  return	  to	  play	  decisions	  rather	  

than	  referring	  the	  athlete	  to	  a	  physician.	  Athletic	  trainers	  in	  the	  college	  setting	  appeared	  to	  have	  

more	  confidence	  in	  their	  assigned	  physician,	  and	  noted	  that	  the	  physician	  was	  more	  involved	  in	  

the	  process	  than	  physicians	  in	  other	  settings.	  College	  athletic	  trainers	  used	  the	  ImPACT	  test	  less	  

than	  high	  school	  athletic	  trainers.	  This	  finding	  may	  not	  be	  a	  true	  representation	  of	  current	  

practices.	  Anecdotally,	  athletic	  trainers	  at	  the	  college	  level	  typically	  have	  larger	  budgets	  and	  

access	  to	  more	  advanced	  methods	  of	  testing.	  	  

In	  non-‐academic	  settings,	  physicians	  were	  present	  much	  less	  than	  in	  college	  settings,	  

though	  athletic	  trainers	  typically	  referred	  athletes	  for	  concussion	  diagnoses	  and	  return	  to	  play	  

decisions.	  In	  cases	  where	  a	  physician	  was	  present,	  they	  were	  more	  involved	  than	  at	  the	  high	  

school	  setting,	  though	  non-‐academic	  athletic	  trainers	  had	  the	  least	  amount	  of	  faith	  in	  their	  

physicians’	  abilities.	  Only	  35.0%	  of	  athletic	  trainers	  in	  this	  setting	  reported	  using	  ImPACT	  testing	  
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in	  the	  diagnostic	  process.	  However,	  this	  finding	  correlates	  with	  the	  fact	  that	  athletic	  trainers	  are	  

typically	  not	  the	  ones	  to	  diagnose	  a	  concussion	  in	  non-‐academic	  workplaces.	  Athletic	  trainers	  in	  

non-‐academic	  settings	  used	  activity	  modification	  to	  manage	  concussion	  symptoms	  more	  than	  

those	  in	  any	  other	  setting.	  

Our	  findings	  indicate	  that	  athletic	  trainers	  in	  the	  high	  school	  setting	  have	  the	  most	  

responsibility.	  They	  see	  the	  most	  concussions,	  and	  are	  responsible	  for	  diagnosis,	  management	  

and	  return	  to	  play	  decisions	  often	  without	  the	  help	  of	  a	  doctor	  or	  sports	  medicine	  team.	  While	  

they	  are	  using	  some	  updated	  testing	  methods,	  such	  as	  ImPACT,	  they	  may	  not	  have	  access	  to	  as	  

many	  resources	  as	  a	  college	  or	  non-‐academic	  setting.	  These	  findings	  continue	  to	  emphasize	  the	  

need	  for	  more	  standardized	  methods	  of	  concussion	  management	  among	  all	  athletic	  trainers.	  It	  

is	  also	  crucial	  to	  work	  towards	  a	  team-‐based	  approach	  at	  the	  high	  school	  level.	  Athletic	  trainers	  

must	  work	  in	  conjunction	  with	  other	  sports	  medicine	  professionals,	  especially	  physicians,	  in	  

order	  to	  ensure	  that	  athletes	  are	  receiving	  the	  best	  possible	  care.	  

	   While	  there	  were	  no	  significant	  differences	  between	  workplaces,	  it	  is	  interesting	  to	  note	  

that	  28.35%	  (36/127)	  of	  athletic	  trainers	  reported	  feeling	  that	  they	  have	  returned	  an	  athlete	  to	  

play	  too	  soon	  following	  a	  concussion.	  A	  number	  of	  reasons	  were	  given	  as	  to	  why	  these	  decisions	  

were	  made.	  Many	  of	  these	  athletic	  trainers	  have	  had	  athletes	  hide	  symptoms	  in	  order	  to	  return	  

to	  play	  sooner.	  This	  is	  a	  troubling	  fact	  and	  emphasizes	  the	  need	  for	  other	  methods	  of	  evaluation	  

such	  as	  neurocognitive	  testing	  and	  balance	  assessments.	  Another	  response	  commonly	  listed	  was	  

that	  athletes	  had	  been	  returned	  too	  early	  in	  the	  past	  before	  the	  creation	  and	  implementation	  of	  

concussion	  guidelines.	  Many	  athletic	  trainers	  who	  reported	  this	  as	  a	  reason	  noted	  that	  this	  had	  

occurred	  early	  on	  in	  their	  career,	  but	  has	  not	  happened	  for	  many	  years.	  In	  some	  cases,	  athletic	  

trainers	  did	  not	  have	  an	  established	  protocol	  at	  their	  place	  of	  employment,	  reinforcing	  the	  need	  
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for	  standardized	  practices	  among	  all	  athletic	  trainers.	  Finally,	  many	  athletic	  trainers	  reported	  

that	  their	  athlete	  had	  received	  clearance	  from	  a	  physician	  even	  though	  the	  athletic	  trainer	  had	  

suggested	  that	  the	  athlete	  was	  not	  yet	  ready	  for	  competition.	  This	  is	  perhaps	  the	  most	  

worrisome	  response.	  In	  order	  to	  provide	  the	  best	  care	  for	  the	  athlete,	  all	  involved	  medical	  

personnel	  need	  to	  be	  adequately	  educated	  in	  concussion	  management.	  In	  addition,	  athletic	  

trainers,	  physicians	  and	  other	  members	  of	  the	  sports	  medicine	  team	  need	  to	  work	  in	  

conjunction	  to	  decide	  the	  best	  course	  of	  action	  for	  the	  athlete.	  

	   Athletic	  trainers	  appear	  to	  feel	  confident	  in	  both	  their	  own	  concussion	  management	  

abilities	  and	  the	  current	  practices	  of	  their	  workplace.	  However,	  they	  rated	  their	  educational	  

preparedness	  with	  regards	  to	  concussion	  management	  as	  only	  6.9/10.	  This	  finding	  suggests	  that	  

more	  time	  should	  be	  spent	  reviewing	  concussion	  practices	  during	  athletic	  training	  education.	  

This	  study	  was	  limited	  by	  the	  low	  response	  rate	  (13.4%),	  as	  well	  as	  the	  inherent	  

limitations	  of	  survey	  research.	  It	  was	  expected	  that	  all	  participants	  understood	  and	  answered	  

questions	  honestly,	  however	  there	  is	  no	  way	  to	  confirm	  this.	  This	  study	  was	  also	  limited	  due	  to	  

the	  inclusion	  of	  “other”	  as	  an	  option	  for	  many	  questions.	  While	  this	  allowed	  for	  a	  greater	  variety	  

of	  answers,	  it	  may	  have	  had	  an	  effect	  on	  significance.	  

Conclusion	  

The	  findings	  of	  this	  study	  indicate	  that	  there	  are	  several	  important	  differences	  between	  

athletic	  trainers	  in	  different	  workplace	  settings.	  High	  school	  athletic	  trainers	  appear	  to	  be	  most	  

varied	  in	  their	  methods,	  exhibiting	  similarities	  to	  both	  college	  and	  non-‐academic	  settings.	  

Continued	  progress	  towards	  a	  standardized	  set	  of	  guidelines	  will	  help	  to	  eliminate	  these	  

differences	  among	  work	  settings.	  The	  lack	  of	  physician	  involvement	  in	  the	  high	  school	  and	  non-‐

athletic	  settings	  reinforces	  the	  need	  for	  sports	  medicine	  professionals	  to	  work	  together	  to	  



www.manaraa.com

	   	  

	  
	  

13	  

properly	  manage	  concussions.	  Future	  research	  should	  focus	  on	  identifying	  other	  trends	  in	  

concussion	  management	  practices	  and	  the	  involvement	  of	  physicians	  and	  sports	  medicine	  teams	  

in	  the	  concussion	  process.	  
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CHAPTER	  II	  

REVIEW	  OF	  RELATED	  LITERATURE	  

	  

Anatomy	  of	  the	  Head	  

	   The	  brain	  is	  located	  within	  the	  skull,	  a	  collection	  of	  8	  cranial	  bones	  and	  14	  facial	  bones.10	  

The	  cranium	  is	  composed	  of	  the	  occipital	  bone,	  two	  parietal	  bones,	  the	  frontal	  bone,	  two	  

temporal	  bones,	  the	  sphenoid	  and	  the	  ethmoid.	  The	  face	  is	  composed	  of	  two	  nasal	  bones,	  two	  

maxillae,	  two	  lacrimal	  bones,	  two	  zygomatic	  bones,	  two	  palatine	  bones,	  two	  inferior	  nasal	  

concha,	  the	  vomer	  bone	  and	  the	  mandible.10	  With	  the	  exception	  of	  the	  mandible,	  these	  bones	  

are	  fused	  together	  and	  immovable,	  providing	  a	  strong	  protective	  casing	  for	  the	  brain.	  

	   The	  occipital	  bone	  is	  located	  on	  the	  posterior-‐inferior	  portion	  of	  the	  cranium.	  It	  is	  

trapezoidal	  in	  shape	  and	  convex.10	  The	  foramen	  magnum	  is	  a	  large	  opening	  within	  the	  occipital	  

bone	  that	  allows	  the	  passage	  of	  the	  brain	  stem,	  as	  well	  as	  various	  nerves,	  veins	  and	  arteries	  

from	  the	  brain	  to	  the	  spinal	  cord.10	  It	  articulates	  with	  the	  left	  and	  right	  parietal	  bones	  at	  the	  

lambdoid	  suture11,	  the	  left	  and	  right	  temporal	  bones	  laterally,	  and	  inferiorly	  with	  the	  sphenoid	  

and	  atlas.10	  

	   The	  parietal	  bones	  are	  located	  on	  the	  superior-‐lateral	  portion	  of	  the	  cranium,	  and	  create	  

the	  roof	  of	  the	  skull.10	  They	  are	  quadrilateral	  in	  shape.	  They	  articulate	  with	  one	  another	  

superiorly	  at	  the	  sagittal	  border.10	  In	  addition,	  the	  parietal	  bones	  articulate	  with	  the	  frontal	  bone	  

at	  the	  coronal	  suture11,	  the	  temporal	  bones	  inferiorly	  at	  the	  squamous	  suture11,	  the	  sphenoid	  
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anterior	  and	  inferior	  at	  the	  anterior	  squamous	  border,	  and	  the	  occipital	  bone	  at	  the	  lambdoid	  

suture.11	   	  

	   The	  frontal	  bone	  is	  located	  on	  the	  anterior	  superior	  portion	  of	  the	  cranium.	  There	  are	  

two	  portions	  of	  this	  bone:	  the	  squama,	  which	  creates	  the	  forehead,	  and	  the	  orbital	  portion,	  

which	  creates	  the	  roof	  of	  the	  orbital	  and	  nasal	  cavities.10	  The	  squama	  articulates	  with	  the	  

parietal	  bones	  at	  the	  coronal	  suture.11	  The	  orbital	  portion	  articulates	  laterally	  with	  the	  sphenoid	  

bone.10	  

	   The	  temporal	  bones	  are	  located	  on	  the	  lateral	  aspect	  of	  the	  cranium.	  They	  are	  

separated	  into	  five	  parts:	  the	  squama,	  the	  petrous,	  the	  mastoid,	  the	  tympanic	  part	  and	  the	  

styloid	  process.10	  The	  squama	  articulates	  with	  the	  squamous	  border	  of	  the	  parietal	  bone	  at	  the	  

squamous	  suture11	  and	  the	  sphenoid	  anteriorly.	  The	  mastoid	  portion	  articulates	  with	  the	  

occipital	  bone	  at	  the	  occipital	  groove.10	  Located	  within	  the	  temporal	  bone	  is	  the	  petrotympanic	  

fissure,	  which	  leads	  into	  the	  tympanic	  cavity.	  

	   The	  sphenoid	  is	  located	  on	  the	  inferior	  portion	  of	  the	  skull.	  It	  is	  composed	  of	  a	  body,	  

two	  great	  wings,	  two	  small	  wings,	  and	  two	  pterygoid	  processes.10	  The	  body	  is	  hollow,	  which	  

allows	  two	  sphenoidal	  sinuses	  to	  pass	  through.10	  The	  sphenoid	  articulates	  with	  the	  vomer,	  

ethmoid,	  frontal,	  occipital,	  parietal,	  temporal,	  zygomatic	  and	  palatine	  bones.10	  

	   The	  ethmoid	  bone	  is	  located	  on	  the	  anterior	  portion	  of	  the	  cranium	  between	  the	  orbits.	  

It	  forms	  a	  portion	  of	  each	  orbit,	  as	  well	  as	  the	  roof	  of	  the	  nose.10	  

	   The	  nasal	  bones	  are	  located	  in	  the	  upper	  medial	  portion	  of	  the	  face.	  They	  form	  the	  

bridge	  of	  the	  nose.	  They	  are	  different	  sizes	  and	  shapes	  in	  different	  individuals,	  resulting	  in	  a	  

visible	  difference	  in	  nose	  shape.10	  
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	   The	  maxilla	  are	  two	  large	  facial	  bones	  that	  form	  the	  upper	  portion	  of	  the	  jaw.10	  They	  

contribute	  to	  the	  formation	  of	  the	  roof	  of	  the	  mouth,	  the	  floor	  and	  lateral	  wall	  of	  the	  nose,	  and	  

the	  floor	  of	  the	  orbit.10	  

	   The	  lacrimal	  bones	  are	  the	  smallest	  and	  weakest	  bones	  in	  the	  face.10	  They	  are	  located	  in	  

the	  anterior	  portion	  of	  the	  medial	  wall	  of	  the	  orbit.	  They	  articulate	  with	  the	  maxilla	  anteriorly	  

and	  inferiorly,	  the	  ethmoid	  posteriorly,	  and	  the	  frontal	  bone	  superiorly.10	  

	   The	  zygomatic	  bones	  are	  located	  on	  the	  upper	  lateral	  portion	  of	  the	  face.	  They	  form	  the	  

prominence	  of	  the	  cheek	  and	  the	  lateral	  wall	  and	  floor	  of	  the	  orbit.10	  The	  zygomatic	  bones	  

articulate	  with	  the	  frontal,	  sphenoidal,	  temporal	  and	  maxilla	  bones.10	  

	   The	  palatine	  bones	  are	  located	  in	  the	  posterior	  nasal	  cavity	  between	  the	  maxilla	  and	  the	  

sphenoid.	  They	  form	  the	  floor	  and	  lateral	  wall	  of	  the	  nasal	  cavity,	  the	  roof	  of	  the	  mouth,	  as	  well	  

as	  the	  floor	  of	  the	  orbit.10	  They	  articulate	  with	  each	  other,	  as	  well	  as	  the	  sphenoid,	  ethmoid,	  

maxilla,	  inferior	  nasal	  concha,	  and	  vomer	  bones.10	  

	   The	  inferior	  nasal	  concha	  are	  located	  along	  the	  lateral	  wall	  of	  the	  nasal	  cavity.10	  They	  

articulate	  with	  the	  ethmoid,	  maxilla,	  lacrimal	  and	  palatine	  bones.10	  

The	  vomer	  forms	  the	  posterior-‐inferior	  portion	  of	  the	  nasal	  septum.10	  It	  articulates	  with	  

the	  sphenoid	  and	  ethmoid	  bones,	  as	  well	  as	  both	  maxilla	  and	  palatine	  bones.	  In	  addition,	  the	  

vomer	  articulates	  with	  the	  nasal	  cartilage.10	  

	   The	  mandible	  is	  the	  largest	  and	  strongest	  bone	  in	  the	  face.10	  It	  is	  the	  only	  movable	  bone	  

in	  the	  cranium.	  Its	  main	  purpose	  is	  to	  hold	  the	  lower	  teeth.10	  The	  mandible	  articulates	  with	  the	  

two	  temporal	  bones	  at	  the	  temporomandibular	  joint.10	  

	   There	  are	  several	  important	  bony	  landmarks	  on	  the	  skull.	  These	  typically	  occur	  at	  the	  

junctions	  of	  two	  or	  more	  sutures.	  The	  pterion	  is	  located	  on	  the	  lateral	  aspect	  of	  the	  skull,	  at	  the	  
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junction	  between	  the	  greater	  wing	  of	  the	  sphenoid,	  frontal,	  temporal	  and	  parietal	  bones.	  

Located	  beneath	  this	  landmark	  is	  the	  anterior	  division	  of	  the	  medial	  meningeal	  artery.11	  A	  

fracture	  of	  the	  pterion	  may	  result	  in	  a	  rupture	  of	  the	  medial	  meningeal	  artery,	  resulting	  in	  a	  life-‐

threatening	  emergency.	  The	  asterion	  is	  also	  located	  on	  the	  lateral	  skull	  at	  the	  junction	  between	  

the	  parietomastoid,	  occipitomastoid	  and	  lambdoid	  sutures.11	  

	   On	  the	  posterior	  aspect	  of	  the	  skull,	  the	  inion	  is	  located	  at	  the	  most	  prominent	  portion	  

of	  the	  external	  occipital	  protuberance.11	  The	  lambda	  is	  located	  at	  the	  junction	  between	  the	  

sagittal	  and	  lambdoid	  sutures.11	  

	   The	  vertex	  and	  bregma	  are	  both	  located	  on	  the	  superior	  aspect	  of	  the	  skull.	  The	  vertex	  

forms	  the	  most	  superior	  point	  of	  the	  skull,	  and	  is	  located	  near	  the	  centre	  of	  the	  sagittal	  suture.11	  

The	  bregma	  is	  formed	  by	  the	  intersection	  of	  the	  sagittal	  and	  coronal	  sutures.11	  

The	  glabella	  is	  located	  at	  the	  most	  anterior	  portion	  of	  the	  forehead,	  superior	  to	  the	  

nose.11	  The	  nasion	  is	  located	  at	  the	  intersection	  of	  the	  frontonasal	  and	  internasal	  sutures.11	  

	   The	  scalp	  forms	  a	  protective	  covering	  for	  the	  cranium.	  It	  is	  composed	  of	  skin	  and	  

subcutaneous	  tissue	  and	  stretches	  from	  the	  superior	  nuchal	  lines	  of	  the	  occipital	  bone	  to	  the	  

supraorbital	  margin	  of	  the	  frontal	  bone.	  Laterally	  it	  extends	  down	  to	  the	  zygomatic	  arches.11	  

	   The	  scalp	  is	  composed	  of	  five	  layers.11	  Layers	  one	  through	  three	  are	  interconnected	  and	  

move	  as	  a	  single	  unit.	  The	  outermost	  layer	  of	  the	  scalp	  is	  composed	  of	  skin.	  It	  contains	  sweat	  

glands	  sebaceous	  glands	  and	  hair	  follicles.	  It	  has	  many	  arteries,	  veins	  and	  lymphatic	  vessels.11	  

The	  second	  layer	  is	  formed	  by	  a	  thick	  layer	  of	  connective	  tissue	  containing	  many	  cutaneous	  

nerves.11	  The	  third	  layer	  of	  the	  scalp	  is	  the	  epicranial	  aponeurosis.	  This	  is	  a	  layer	  of	  tendinous	  

material	  that	  forms	  an	  attachment	  for	  muscles	  of	  the	  forehead	  and	  occiput.11	  The	  fourth	  layer	  of	  

the	  scalp	  is	  composed	  of	  spongy	  areolar	  tissue.	  The	  function	  of	  the	  fourth	  layer	  is	  to	  allow	  the	  
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first	  three	  layers	  to	  move	  freely.	  The	  areolar	  tissue	  contains	  many	  spaces	  that	  may	  fill	  with	  fluid	  

during	  injury	  or	  infection.11	  The	  innermost	  layer	  of	  the	  scalp	  is	  the	  pericranium.	  It	  is	  a	  thick	  layer	  

of	  connective	  tissue	  that	  is	  fixed	  to	  the	  underlying	  bone,	  forming	  the	  external	  portion	  of	  the	  

periosteum.11	  

Anatomy	  of	  the	  Brain	  

The	  brain	  is	  a	  large	  and	  important	  organ	  in	  the	  body.	  It	  is	  responsible	  for	  all	  actions,	  

both	  voluntary	  and	  involuntary.	  It	  is	  composed	  of	  the	  cerebrum,	  cerebellum,	  diencephalon,	  and	  

the	  brainstem.11	  

The	  cerebrum	  has	  many	  functions,	  including	  coordination	  of	  muscle	  action,	  sensory	  

integration,	  memory,	  reasoning	  and	  emotion.12	  The	  cerebrum	  is	  divided	  into	  left	  and	  right	  

hemispheres	  by	  the	  longitudinal	  cerebral	  fissure11,	  and	  separated	  from	  the	  cerebellum	  by	  the	  

transverse	  cerebral	  fissure.13	  Each	  hemisphere	  has	  three	  main	  regions:	  superficial	  gray	  matter,	  

internal	  white	  matter	  and	  basal	  nuclei	  located	  within	  the	  white	  matter.13	  The	  hemispheres	  can	  

also	  be	  divided	  into	  frontal,	  parietal,	  occipital,	  temporal	  and	  insula	  lobes.11	  

	   The	  gray	  matter,	  or	  cerebral	  cortex,	  is	  where	  conscious	  thought	  occurs.	  This	  includes	  

actions	  such	  as	  sensation,	  communication,	  memory,	  understanding	  and	  voluntary	  movement.13	  

The	  gray	  matter	  contains	  neuron	  cell	  bodies,	  dendrites,	  glia	  and	  blood	  vessels.	  It	  is	  2-‐4mm	  thick,	  

and	  approximately	  40%	  of	  total	  brain	  mass.13	  Each	  hemisphere	  of	  the	  cerebral	  cortex	  contains	  

motor,	  sensory	  and	  association	  areas	  responsible	  for	  actions	  on	  the	  opposite	  side	  of	  the	  body.	  

While	  both	  hemispheres	  are	  active	  with	  most	  activities,	  each	  hemisphere	  tends	  to	  dominate	  

certain	  tasks.	  The	  left	  hemisphere	  is	  typically	  responsible	  for	  language,	  math	  and	  logic,	  while	  the	  

right	  hemisphere	  is	  used	  in	  visual-‐spatial	  tasks,	  emotion	  and	  intuition.13	  
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The	  motor	  areas	  are	  located	  within	  the	  posterior	  aspect	  of	  the	  frontal	  lobe	  and	  include	  

the	  primary	  motor	  cortex,	  the	  premotor	  cortex,	  Broca’s	  area	  and	  the	  frontal	  eye	  field.13	  The	  

primary	  motor	  cortex	  is	  located	  in	  the	  precentral	  gyrus	  of	  the	  frontal	  lobe.13	  It	  is	  responsible	  for	  

voluntary	  movement	  of	  skeletal	  muscles.13	  The	  premotor	  cortex	  lies	  anterior	  to	  the	  precentral	  

gyrus	  and	  is	  responsible	  for	  the	  planning	  of	  movement	  based	  on	  sensory	  information.13	  Broca’s	  

area	  is	  located	  anterior	  to	  the	  inferior	  premotor	  cortex	  and	  is	  typically	  present	  in	  the	  left	  

hemisphere	  only.13	  The	  function	  of	  this	  area	  is	  to	  plan	  and	  carry	  out	  muscular	  activities	  involved	  

in	  speech.13	  The	  frontal	  eye	  field	  is	  located	  anterior	  to	  the	  premotor	  cortex	  and	  superior	  to	  

Broca’s	  area.	  It	  is	  responsible	  for	  voluntary	  movement	  of	  the	  eyes.13	  

The	  sensory	  areas	  are	  located	  within	  the	  parietal,	  temporal	  and	  occipital	  lobes.	  The	  

primary	  somatosensory	  cortex	  is	  located	  in	  the	  postcentral	  gyrus	  of	  the	  parietal	  lobe.	  Neurons	  in	  

this	  area	  receive	  sensory	  information	  from	  the	  skin	  and	  proprioceptors	  in	  muscles,	  joints	  and	  

tendons.13	  The	  somatosensory	  association	  cortex	  is	  posterior	  to	  the	  primary	  somatosensory	  

cortex.	  It	  receives	  information	  such	  as	  pressure	  and	  temperature	  to	  identify	  size	  and	  shape	  of	  

objects	  being	  touched.13	  

The	  visual	  areas	  are	  located	  within	  the	  occipital	  lobe.13	  The	  primary	  visual	  cortex	  

receives	  information	  from	  the	  retina	  of	  the	  eye.13	  This	  information	  is	  transferred	  to	  the	  visual	  

association	  area.	  Information	  from	  past	  experiences	  allows	  recognition	  of	  an	  object	  based	  on	  

colour,	  movement	  and	  shape.13	  

The	  auditory	  areas	  are	  located	  within	  the	  temporal	  lobe	  near	  the	  lateral	  sulcus.	  Sound	  

impulses	  are	  transferred	  to	  the	  primary	  auditor	  cortex	  and	  are	  interpreted	  as	  pitch,	  loudness	  

and	  location.13	  These	  stimuli	  are	  then	  transferred	  to	  the	  auditory	  association	  area,	  which	  
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perceives	  the	  sound	  as	  speech,	  music	  or	  noise.	  Memories	  of	  past	  experiences	  are	  used	  as	  

reference.13	  

The	  olfactory	  cortex	  is	  also	  located	  within	  the	  temporal	  lobe.	  Sensory	  receptors	  in	  the	  

nasal	  cavity	  transmit	  information	  to	  the	  olfactory	  cortices,	  allow	  the	  perception	  of	  different	  

aromas.13	  

While	  the	  cerebellum	  mainly	  controls	  equilibrium,	  a	  small	  portion	  of	  the	  vestibular	  

cortex	  is	  located	  within	  the	  insula	  and	  parietal	  cortex.	  This	  area	  is	  responsible	  for	  balance	  and	  

proprioception.13	  

The	  insula	  also	  contains	  the	  gustatory	  cortex,	  which	  is	  responsible	  for	  taste,	  as	  well	  as	  

the	  visceral	  sensory	  area	  which	  receives	  sensory	  information	  from	  internal	  organs.13	  

There	  are	  also	  many	  multimodal	  association	  areas	  within	  the	  brain.	  These	  areas	  

integrate	  information	  from	  multiple	  areas.	  The	  anterior	  association	  area,	  or	  prefrontal	  cortex,	  is	  

located	  in	  the	  frontal	  lobe.	  It	  is	  a	  very	  complicated	  region	  and	  is	  involved	  in	  learning,	  memory	  

recall	  and	  personality.13	  The	  posterior	  association	  area	  is	  located	  in	  the	  temporal,	  parietal	  and	  

occipital	  lobes.	  Recognition	  of	  patterns	  and	  faces	  occurs	  in	  this	  area,	  as	  well	  as	  the	  

understanding	  of	  spoken	  and	  written	  language.13	  The	  limbic	  association	  area	  is	  composed	  of	  the	  

cingulate	  gyrus,	  the	  parahippocampal	  gyrus	  and	  the	  hippocampus.	  It	  is	  responsible	  for	  

emotional	  impact	  of	  an	  event.13	  

	   The	  white	  matter	  of	  the	  cerebrum	  is	  located	  internal	  to	  the	  cerebral	  cortex/gray	  matter.	  

It	  contains	  myelinated	  fibres	  which	  are	  arranged	  into	  large	  tracts.13	  Association	  fibres	  form	  

connections	  within	  a	  hemisphere.	  Commissural	  fibres	  connect	  gray	  areas	  between	  hemispheres,	  

allowing	  the	  brain	  to	  function	  as	  a	  whole.13	  Projection	  fibres	  carry	  sensory	  or	  motor	  information,	  

and	  form	  the	  connection	  from	  the	  cerebral	  cortex	  to	  the	  rest	  of	  the	  body.13	  
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	   The	  third	  layer	  of	  the	  cerebrum	  is	  known	  as	  the	  basal	  nuclei	  or	  basal	  ganglia.	  This	  area	  

receives	  information	  from	  the	  cerebral	  cortex,	  subcortical	  nuclei	  and	  other	  basal	  nuclei.	  While	  

not	  well	  understood,	  this	  area	  plays	  a	  role	  in	  movement,	  cognition	  and	  emotion,	  filtering	  out	  

inappropriate	  responses	  and	  projecting	  only	  pertinent	  information	  to	  the	  cortex.13	  

The	  diencephalon	  is	  composed	  of	  the	  thalamus,	  hypothalamus	  and	  epithalamus.	  It	  is	  

located	  within	  the	  centre	  of	  the	  brain.	  The	  thalamus	  accounts	  for	  approximately	  80%	  of	  the	  

diencephalon.13	  It	  contains	  many	  nuclei,	  which	  projects	  information	  to	  various	  parts	  of	  the	  

cortex.	  Sensory	  information	  from	  the	  body	  is	  relayed	  to	  the	  thalamus	  where	  it	  is	  sorted	  and	  sent	  

to	  the	  appropriate	  area	  of	  the	  cortex.13	  

The	  hypothalamus	  controls	  visceral	  function	  and	  homeostasis.	  It	  is	  responsible	  for	  

control	  of	  the	  autonomic	  nervous	  system,	  physical	  response	  to	  emotions	  such	  as	  increased	  

heart	  rate,	  endocrine	  system	  function	  and	  regulation	  of	  body	  temperature,	  food	  and	  water	  

intake	  and	  sleep-‐wake	  cycles.13	  

The	  epithalamus	  contains	  the	  pineal	  gland,	  which	  secretes	  melatonin.	  This	  area	  aids	  in	  

regulation	  of	  the	  sleep-‐wake	  cycle.13	  

The	  cerebellum	  is	  known	  as	  the	  “little	  brain”.	  It	  sits	  posterior	  to	  the	  pons	  and	  medulla	  

and	  inferior	  to	  the	  cerebrum,	  and	  accounts	  for	  11%	  of	  total	  brain	  mass.	  It	  can	  be	  divided	  into	  

two	  lateral	  hemispheres	  by	  the	  vermis.11	  The	  cerebellum	  controls	  synergistic	  muscle	  action12	  by	  

providing	  appropriate	  patterns	  of	  skeletal	  muscle	  contraction.13	  

	   The	  brainstem	  is	  composed	  of	  three	  parts:	  the	  midbrain,	  pons	  and	  medulla	  oblongata.13	  

This	  area	  makes	  up	  approximately	  2.5%	  of	  total	  brain	  mass.	  Collectively,	  the	  brainstem	  forms	  

the	  connection	  between	  the	  brain	  and	  spinal	  cord,	  and	  is	  responsible	  for	  many	  involuntary	  

actions	  required	  for	  survival.13	  
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	   The	  midbrain	  is	  the	  most	  superior	  portion	  of	  the	  brainstem.	  It	  contains	  pathways	  of	  the	  

autonomic	  nervous	  system	  and	  controls	  the	  “fight	  or	  flight”	  response.13	  It	  is	  also	  responsible	  for	  

control	  of	  the	  occulomotor	  and	  trochlear	  cranial	  nerves.13	  

	   The	  pons	  is	  the	  middle	  section	  of	  the	  brain	  stem	  and	  contains	  many	  conduction	  

tractions.13	  It	  is	  associated	  with	  the	  trigeminal,	  abducens	  and	  facial	  cranial	  nerves.13	  

	   The	  medulla	  oblongata	  is	  the	  most	  inferior	  portion	  of	  the	  brainstem.	  This	  section	  of	  the	  

brainstem	  plays	  an	  important	  role	  in	  homeostasis.	  It	  controls	  the	  cardiovascular	  and	  respiratory	  

centres	  and	  is	  necessary	  for	  survival.13	  

The	  brain	  is	  surrounded	  by	  the	  cranial	  meninges,	  which	  lie	  between	  the	  cerebrum	  and	  

the	  internal	  surface	  of	  the	  skull.	  The	  function	  of	  the	  meninges	  is	  to	  protect	  the	  brain	  and	  house	  

arteries	  and	  veins.11	  There	  are	  three	  meningeal	  layers:	  the	  dura	  mater,	  arachnoid	  mater,	  and	  pia	  

mater.11	  

The	  dura	  mater	  consists	  of	  a	  tough	  fibrous	  substance.	  It	  is	  composed	  of	  two	  layers.	  The	  

periosteal	  layer	  is	  continuous	  with	  the	  cranium.	  The	  meningeal	  layer	  creates	  dural	  folds	  such	  as	  

the	  cerebral	  falx	  and	  the	  cerebellar	  tentorium,	  which	  separate	  the	  different	  hemispheres	  and	  

lobes	  of	  the	  brain.11	  Located	  beneath	  the	  dura	  mater	  is	  the	  subdural	  space.	  This	  is	  a	  small	  cavity	  

which	  contains	  a	  thin	  layer	  of	  fluid.13	  

	   The	  arachnoid	  mater	  is	  the	  middle	  meningeal	  layer.	  It	  is	  composed	  of	  a	  thin	  elastic	  

connective	  tissue.13	  The	  subarachnoid	  space	  lies	  between	  the	  arachnoid	  and	  the	  pia	  mater.	  

Cerebrospinal	  fluid	  runs	  through	  this	  space,	  providing	  protection	  for	  the	  brain.11	  

	   The	  pia	  mater	  is	  the	  innermost	  meningeal	  layer.	  It	  is	  composed	  of	  the	  same	  thin	  

connective	  tissue	  as	  the	  arachnoid	  mater.13	  The	  pia	  mater	  adheres	  to	  the	  surface	  of	  the	  brain,	  

following	  every	  fissure.	  	  It	  is	  highly	  vascularized.11,12,13	  
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Neurovascular	  Structures	  of	  the	  Brain	  

	   Cerebrospinal	  fluid	  surrounds	  the	  structures	  of	  the	  central	  nervous	  system	  and	  provides	  

a	  protective	  cushioning.13	  It	  effectively	  causes	  the	  brain	  to	  “float”,	  reducing	  its	  weight	  by	  97%.	  

Without	  the	  cerebrospinal	  fluid,	  the	  brain	  would	  be	  crushed	  under	  its	  own	  weight.	  

Cerebrospinal	  fluid	  is	  important	  in	  protecting	  the	  brain	  and	  spinal	  cord	  from	  trauma,	  as	  well	  as	  

providing	  nourishment.13	  It	  is	  composed	  of	  a	  watery	  substance	  and	  many	  ions	  such	  as	  sodium,	  

chlorine,	  hydrogen,	  calcium	  and	  potassium.	  It	  is	  similar	  to	  blood	  plasma,	  but	  contains	  different	  

ion	  concentrations.13	  Cerebrospinal	  fluid	  is	  produced	  by	  the	  choroid	  plexuses	  located	  within	  the	  

ventricles.13	  

A	  continuous	  network	  of	  ventricles	  exists	  throughout	  the	  brain.	  These	  large	  cavities	  

contain	  cerebrospinal	  fluid.	  They	  are	  lined	  with	  ependymal	  cells,	  which	  aid	  in	  the	  movement	  of	  

cerebrospinal	  fluid	  throughout	  the	  brain	  and	  spinal	  cord.13	  A	  large	  lateral	  ventricle	  is	  located	  

within	  each	  cerebral	  hemisphere.	  The	  lateral	  ventricles	  connected	  to	  the	  third	  ventricle	  in	  the	  

diencephalon	  via	  the	  interventricular	  foramen.13	  The	  third	  ventricle	  connects	  to	  the	  fourth	  

ventricle	  through	  the	  cerebral	  aqueduct.	  The	  fourth	  ventricle	  is	  located	  in	  the	  hindbrain	  

posterior	  to	  the	  pons	  and	  medulla.13	  The	  fourth	  ventricle	  is	  connected	  to	  the	  subarachnoid	  

space	  through	  three	  openings:	  two	  lateral	  apertures	  and	  the	  median	  aperture.13	  From	  the	  fourth	  

ventricle,	  the	  cerebrospinal	  fluid	  travels	  into	  the	  central	  canal	  of	  the	  spinal	  cord.13	  

There	  are	  twelve	  pairs	  of	  cranial	  nerves	  associated	  with	  the	  brain.	  With	  the	  exception	  of	  

the	  vagus	  nerve,	  the	  cranial	  nerves	  control	  head	  and	  facial	  movements.	  Cranial	  nerves	  I	  and	  II	  

are	  associated	  with	  the	  forebrain.	  Cranial	  nerves	  III	  –	  XII	  are	  associated	  with	  the	  brainstem.13	  

Due	  to	  the	  direct	  association	  with	  the	  brain,	  cranial	  nerve	  testing	  has	  been	  an	  important	  factor	  

in	  concussion	  diagnosis.	  
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Cranial	  nerve	  I,	  the	  olfactory	  nerve,	  sends	  sensory	  information	  for	  smell	  to	  the	  primary	  

olfactory	  cortex.	  Cranial	  nerve	  II,	  the	  optic	  nerve,	  transmits	  information	  from	  the	  retina	  to	  the	  

optic	  chiasma.	  From	  here,	  sensory	  information	  for	  vision	  is	  carried	  to	  the	  visual	  cortex.	  Cranial	  

nerve	  III,	  the	  occulomotor	  nerve,	  controls	  pupil	  function	  as	  well	  as	  the	  extrinsic	  eye	  muscles	  in	  

conjunction	  with	  cranial	  nerve	  IV	  –	  the	  trochlear	  nerve.	  Cranial	  nerve	  V,	  the	  trigeminal	  nerve,	  

transmits	  sensory	  information	  from	  the	  superior	  portion	  of	  the	  face,	  the	  nasal	  cavity	  and	  the	  

tongue	  (not	  including	  the	  taste	  buds).	  Cranial	  nerve	  VI,	  the	  abducens	  nerve,	  controls	  the	  lateral	  

extrinsic	  muscle	  of	  the	  eye.	  Cranial	  nerve	  VII,	  the	  facial	  nerve,	  is	  the	  main	  motor	  nerve	  of	  the	  

face,	  controlling	  several	  facial	  muscles.	  Cranial	  nerve	  VIII,	  the	  vestibulocochlear	  nerve,	  transmits	  

sensory	  information	  from	  the	  inner	  ear	  and	  is	  responsible	  for	  equilibrium	  and	  balance.	  Cranial	  

nerve	  IX,	  the	  glossopharyngeal	  nerve,	  innervates	  the	  tongue	  and	  pharynx	  and	  is	  involved	  in	  the	  

swallowing	  mechanism	  as	  well	  as	  taste	  and	  sensory	  information	  from	  the	  mouth.	  Cranial	  nerve	  

X,	  the	  vagus	  nerve,	  aids	  in	  the	  regulation	  of	  various	  organs	  involved	  autonomic	  activity.	  Cranial	  

nerve	  XI,	  the	  accessory	  nerve,	  controls	  motor	  function	  of	  the	  trapezius	  and	  sternocleidomastoid	  

muscles.	  Cranial	  nerve	  XII,	  the	  hypoglossal	  nerve,	  controls	  tongue	  movement	  involved	  in	  

chewing,	  swallowing	  and	  speech.13	  

Blood	  supply	  to	  the	  brain	  comes	  from	  two	  major	  arteries.	  These	  include	  the	  common	  

carotid	  arteries,	  as	  well	  as	  the	  vertebral	  arteries	  which	  branch	  off	  the	  subclavian	  artery.13	  The	  

left	  common	  carotid	  artery	  originates	  from	  the	  brachiocephalic	  trunk,	  while	  the	  left	  branches	  off	  

the	  aortic	  arch.13	  At	  the	  superior	  border	  of	  the	  larynx,	  each	  common	  carotid	  arteries	  divides	  into	  

an	  internal	  and	  external	  carotid	  artery.13	  The	  external	  arteries	  supply	  many	  structures	  of	  the	  

head	  and	  face	  such	  as	  the	  tongue,	  anterior	  facial	  muscles	  and	  larynx.13	  The	  internal	  arteries	  

supply	  80%	  of	  the	  cerebrum.13	  They	  enter	  the	  brain	  through	  the	  carotid	  canals	  of	  the	  temporal	  
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bone,	  where	  they	  branch	  off	  into	  the	  anterior	  and	  middle	  cerebral	  arteries.13	  The	  anterior	  

cerebral	  arteries	  supply	  the	  medial	  portion	  of	  the	  frontal	  and	  parietal	  lobes.	  The	  anterior	  

communicating	  artery	  connects	  the	  two	  anterior	  cerebral	  arteries.13	  The	  middle	  cerebral	  

arteries	  supply	  the	  lateral	  portions	  of	  the	  temporal,	  parietal	  and	  frontal	  lobes.13	  

The	  vertebral	  arteries	  enter	  the	  skull	  through	  the	  foramen	  magnum.	  Once	  inside	  the	  

cranium,	  the	  left	  and	  right	  vertebral	  arteries	  joint	  to	  form	  the	  basilar	  artery	  which	  supplies	  blood	  

to	  the	  cerebellum	  and	  pons.13	  At	  the	  junction	  between	  the	  pons	  and	  the	  midbrain,	  the	  basilar	  

artery	  divides	  to	  form	  the	  posterior	  cerebral	  arteries,	  supplying	  the	  occipital	  lobes	  as	  well	  as	  the	  

inferior	  portion	  of	  the	  temporal	  lobes.13	  Two	  posterior	  communicating	  arteries	  connect	  the	  

posterior	  cerebral	  arteries	  to	  the	  middle	  cerebral	  arteries.	  

All	  blood	  supply	  from	  the	  common	  carotid	  and	  vertebral	  arteries	  are	  linked,	  forming	  a	  

connection	  of	  blood	  vessels	  called	  the	  Circle	  of	  Willis.	  This	  structure	  aids	  in	  the	  maintenance	  of	  

blood	  pressure	  in	  the	  brain,	  and	  allows	  alternate	  pathways	  for	  blood	  supply,	  decreasing	  the	  

effects	  of	  an	  occluded	  artery.13	  

The	  blood	  brain	  barrier	  is	  a	  protective	  mechanism	  that	  maintains	  a	  constant	  

environment	  in	  the	  brain.13	  Capillaries	  within	  the	  brain	  are	  the	  least	  permeable	  capillaries	  in	  the	  

body,	  requiring	  substances	  to	  pass	  through	  three	  layers	  before	  reaching	  the	  brain	  tissue.	  This	  

mechanism	  allows	  nutrients	  to	  pass	  through	  and	  prevents	  wastes	  from	  entering	  the	  brain.13	  

Definition	  of	  a	  Concussion	  

	   Head	  injuries	  are	  typically	  classified	  into	  two	  types.	  The	  first,	  a	  focal	  injury	  or	  

posttraumatic	  intracranial	  mass	  lesion,	  includes	  injuries	  such	  as	  subdural	  and	  epidural	  

hematomas,	  cerebral	  contusions	  and	  intracerebral	  hemorrhages	  and	  hematomas.	  These	  types	  
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of	  injuries	  include	  symptoms	  such	  as	  loss	  of	  consciousness,	  cranial	  nerve	  deficits,	  mental	  status	  

deterioration,	  and	  are	  serious	  medical	  emergencies.	  	  

The	  second	  type	  of	  head	  injury	  is	  known	  as	  a	  diffuse	  brain	  injury.	  These	  injuries	  are	  

typically	  caused	  by	  an	  acceleration	  or	  deceleration	  mechanism,	  either	  in	  a	  linear	  or	  rotational	  

plane,	  or	  a	  combination	  of	  both.	  A	  review	  on	  high	  school	  and	  collegiate	  football	  players	  found	  

that	  concussions	  were	  caused	  by	  a	  linear	  acceleration	  of	  74.0g	  –	  146.0g	  (where	  g	  is	  the	  force	  of	  

gravity)	  and	  an	  angular	  acceleration	  of	  5,582.6	  rads/s2	  –	  9,515.6	  rads/s2.14	  When	  a	  large	  force	  is	  

applied	  to	  the	  head,	  the	  brain	  moves	  around	  hitting	  the	  inside	  of	  the	  skull,	  resulting	  in	  tissue	  

damage.	  Concussions	  are	  typically	  classified	  as	  a	  mild	  diffuse	  injury,	  also	  known	  as	  a	  mild	  

traumatic	  brain	  injury	  (MTBI).6	  Each	  year,	  between	  1.4	  –	  3.8	  million	  concussions	  occur	  in	  the	  

United	  States,	  many	  of	  which	  are	  sport-‐related.15,16	  

	   The	  word	  “concussion”	  is	  derived	  from	  the	  Latin	  word	  “concussus”,	  meaning	  to	  shake	  

violently.	  In	  1966,	  the	  Congress	  of	  Neurological	  Surgeons	  defined	  a	  concussion	  as	  “a	  clinical	  

syndrome	  characterized	  by	  immediate	  and	  transient	  impairment	  of	  neural	  functions,	  such	  as	  

alterations	  of	  consciousness,	  disturbance	  of	  vision,	  equilibrium,	  etc.,	  due	  to	  mechanical	  forces.”6	  

In	  more	  recent	  years,	  however,	  the	  general	  consensus	  is	  that	  this	  definition	  is	  too	  vague	  and	  

does	  not	  include	  important	  factors	  of	  a	  concussion	  such	  as	  describing	  common	  symptoms.	  

While	  a	  current	  standard	  definition	  does	  not	  exist,	  it	  is	  generally	  accepted	  that	  a	  concussion	  

involves	  several	  main	  concepts.	  Concussions	  are	  caused	  by	  either	  a	  direct	  blow	  to	  the	  head,	  or	  

to	  another	  part	  of	  the	  body	  with	  force	  being	  transmitted	  to	  the	  head.	  This	  may	  cause	  a	  

temporary	  neurologic	  deficit,	  and	  will	  typically	  result	  in	  a	  variety	  of	  symptoms.	  Neurologic	  

changes	  will	  typically	  be	  functional	  only,	  and	  neurological	  images	  will	  appear	  normal.6	  	  
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A	  concussion	  can	  occur	  as	  a	  result	  of	  two	  mechanisms.	  The	  first,	  a	  coup	  injury,	  occurs	  

when	  a	  blow	  to	  the	  head	  at	  rest	  causes	  damage	  on	  the	  ipsilateral	  side	  of	  the	  brain.	  

The	  second,	  a	  contracoup	  injury,	  occurs	  when	  the	  head	  is	  in	  motion	  and	  comes	  in	  contact	  with	  a	  

stationary	  object.	  The	  brain	  shifts	  to	  the	  opposite	  side	  of	  the	  skull,	  causing	  a	  contralateral	  injury.	  

Currently,	  there	  is	  no	  evidence	  to	  suggest	  that	  one	  mechanism	  is	  more	  severe	  than	  the	  other,	  

and	  both	  have	  been	  shown	  to	  result	  in	  similar	  symptoms.6	  	  

	   Each	  incidence	  of	  a	  concussion	  is	  unique.	  This	  has	  caused	  many	  problems	  with	  respect	  

to	  creating	  a	  universally	  accepted	  grading	  scale.	  There	  are	  three	  different	  approaches	  that	  have	  

been	  created	  to	  classify	  and	  grade	  concussions.	  The	  first	  is	  based	  on	  the	  presence	  or	  absence	  of	  

loss	  of	  consciousness	  and	  symptom	  resolution	  within	  the	  first	  15	  minutes	  after	  injury.	  It	  uses	  the	  

American	  Academy	  of	  Neurology	  Concussion	  Grading	  Scale.6	  A	  Grade	  1	  or	  mild	  concussion	  

includes	  no	  loss	  of	  consciousness	  and	  symptom	  resolution	  within	  15	  minutes.	  A	  Grade	  2	  or	  

moderate	  concussion	  occurs	  when	  there	  is	  no	  loss	  of	  consciousness	  but	  symptoms	  continue	  for	  

15	  minutes	  or	  longer.	  Any	  loss	  of	  consciousness	  is	  classified	  as	  a	  Grade	  3	  or	  severe	  concussion.6	  	  

	   A	  second	  method	  uses	  the	  Cantu	  Evidence-‐Based	  Grading	  System	  for	  Concussion	  scale.17	  

In	  this	  approach,	  the	  concussion	  is	  graded	  after	  complete	  symptom	  resolution.	  A	  Grade	  1	  or	  

mild	  concussion	  is	  defined	  as	  no	  loss	  of	  consciousness,	  with	  posttraumatic	  amnesia	  either	  

absent	  or	  lasting	  less	  than	  30	  minutes,	  and	  all	  other	  symptoms	  resolved	  within	  24	  hours	  post	  

injury.	  A	  Grade	  2	  or	  moderate	  concussion	  occurs	  when	  there	  is	  loss	  of	  consciousness	  for	  less	  

than	  one	  minute,	  when	  posttraumatic	  amnesia	  persists	  for	  longer	  than	  30	  minutes,	  or	  when	  

symptoms	  last	  for	  1-‐7	  days.	  A	  Grade	  3	  or	  severe	  concussion	  has	  a	  loss	  of	  consciousness	  greater	  

than	  one	  minute,	  posttraumatic	  amnesia	  for	  more	  than	  24	  hours,	  or	  persistent	  symptoms	  for	  

longer	  than	  one	  week.17	  	  
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	   Recent	  research	  has	  shown	  that	  severity	  of	  a	  concussion	  is	  not	  dependant	  upon	  loss	  of	  

consciousness	  or	  presence	  of	  amnesia.	  These	  findings	  make	  both	  the	  American	  Academy	  of	  

Neurology	  and	  the	  Cantu	  concussion	  grading	  scales	  ineffective,	  and	  concussion	  diagnosis	  has	  

moved	  away	  from	  the	  use	  of	  these	  two	  scales.	  

	   The	  third	  approach	  does	  not	  include	  a	  grading	  scale.	  It	  uses	  symptom	  checklists,	  

neuropsychological	  tests	  and	  postural	  evaluations	  to	  determine	  severity.	  This	  approach	  is	  

popular	  because	  it	  does	  not	  require	  the	  medical	  professional	  to	  categorize	  a	  concussion,	  and	  

allows	  each	  case	  to	  be	  treated	  individually.	  Once	  the	  individual	  is	  asymptomatic,	  a	  step-‐by-‐step	  

progression	  is	  used	  to	  gradually	  return	  to	  activity.	  This	  approach	  was	  first	  introduced	  at	  the	  

2001	  Vienna	  Conference	  on	  Concussion	  in	  Sport,1	  and	  is	  the	  accepted	  method	  for	  classifying	  

concussions.	  

Pathophysiology	  of	  a	  Concussion	  

	   When	  a	  concussion	  is	  sustained,	  there	  are	  changes	  in	  normal	  brain	  function	  due	  to	  

neuronal,	  chemical	  and	  neuroelectrical	  deficits.17	  Structural	  damage	  may	  also	  occur	  and	  result	  in	  

the	  loss	  of	  brain	  cells.17	  Surviving	  brain	  cells	  remain	  in	  a	  vulnerable	  state	  for	  several	  days	  post-‐

injury,	  and	  are	  susceptible	  to	  minor	  changes	  that	  would	  not	  normally	  have	  an	  effect	  on	  a	  

healthy	  brain.	  This	  can	  include	  changes	  in	  cerebral	  blood	  flow,	  intracranial	  pressure	  and	  

anoxia.17	  Animal	  studies	  have	  shown	  that	  a	  slight	  decrease	  in	  cerebral	  blow	  flow	  during	  this	  

period	  of	  vulnerability	  results	  in	  the	  loss	  of	  additional	  brain	  cells.18–22	  	  

	   While	  this	  process	  is	  still	  not	  fully	  understood,	  the	  vulnerability	  of	  healthy	  brain	  cells	  

may	  be	  due	  to	  a	  neurometabolic	  cascade.	  Upon	  impact,	  the	  brain	  is	  forced	  to	  accelerate,	  

resulting	  in	  stretching	  and	  shearing	  of	  neurons.23,24,25	  This	  causes	  defects	  in	  the	  neuronal	  

membranes,	  allowing	  ions	  to	  flow	  freely	  in	  and	  out	  of	  the	  nerve	  cells,	  resulting	  in	  
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depolarization.26	  As	  a	  result	  of	  this	  depolarization,	  the	  excitatory	  amino	  acid,	  glutamate,	  is	  

released,	  promoting	  potassium	  release	  and	  further	  depolarization	  caused	  by	  the	  activation	  of	  N-‐

methyl-‐d-‐aspartate	  (NMDA)	  receptors.26	  This	  portion	  of	  the	  cascade	  is	  excitatory,	  causing	  the	  

immediate	  signs	  often	  seen	  with	  concussion	  such	  as	  confusion,	  seizure,	  convulsions	  and	  

problems	  with	  vision	  and	  balance.23–25,27	  

	   Activation	  of	  the	  NMDA	  receptors	  also	  causes	  a	  large	  influx	  of	  calcium	  ions	  into	  the	  

neuron.	  This	  extra	  calcium	  overloads	  intracellular	  mitochondria	  and	  results	  in	  a	  decrease	  in	  

energy	  production.26	  With	  this	  mitochondrial	  dysfunction,	  the	  neuron	  is	  unable	  to	  produce	  

adequate	  amounts	  of	  ATP,	  and	  may	  begin	  producing	  reactive	  oxygen	  species	  (ROS),	  which	  may	  

have	  damaging	  effects	  if	  the	  cell	  is	  unable	  to	  detoxify	  it.	  24,25,28	  The	  extra	  intracellular	  calcium	  

may	  also	  cause	  damage	  to	  microtubules	  and	  neurofilaments	  in	  the	  axon,	  resulting	  in	  a	  

disruption	  of	  neural	  connectivity.25	  

After	  this	  initial	  excitatory	  stage,	  there	  is	  a	  global	  suppression	  of	  neurons.	  This	  period	  is	  

known	  as	  “spreading	  depression”,	  and	  causes	  other	  concussive	  signs	  and	  symptoms	  to	  appear	  

such	  as	  cognitive	  deficits,	  amnesia	  and	  fatigue.23,25,27	  

	   The	  result	  of	  this	  neurometabolic	  cascade	  is	  an	  imbalance	  between	  intracellular	  and	  

extracellular	  ions.	  This	  process	  is	  reversible,	  but	  requires	  maximal	  function	  of	  the	  Na+/K+	  pump	  

to	  return	  to	  normal	  cell	  homeostasis.26	  The	  issue	  that	  arises	  is	  that	  this	  pump	  is	  heavily	  

dependent	  on	  ATP	  for	  energy.	  Due	  to	  mitochondrial	  dysfunction,	  the	  cell	  must	  rely	  on	  less-‐

efficient	  means	  of	  energy	  production	  such	  as	  anaerobic	  glycolysis.26	  Energy	  production	  is	  further	  

inhibited	  by	  a	  decrease	  in	  cerebral	  blood	  flow,	  resulting	  in	  a	  decreased	  availability	  of	  glucose.25	  

This	  decrease	  in	  blood	  flow	  is	  thought	  to	  occur	  as	  a	  way	  to	  prevent	  massive	  cerebral	  

swelling.292726,22,21	  
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	   Following	  impact	  to	  the	  brain,	  there	  is	  a	  deficit	  in	  cerebral	  energy.	  There	  is	  a	  much	  

greater	  demand	  for	  ATP	  production	  than	  the	  brain	  is	  capable	  of	  producing.	  This	  state	  has	  been	  

shown	  to	  last	  for	  up	  to	  two	  weeks	  in	  animal	  models,	  and	  may	  be	  extended	  longer	  in	  humans.30	  

	   Many	  signs	  and	  symptoms	  seen	  after	  concussion	  may	  occur	  as	  a	  result	  of	  damage	  to	  

certain	  areas	  of	  the	  brain.	  Posttraumatic	  amnesia	  may	  be	  seen	  with	  damage	  to	  the	  cerebral	  

cortex,	  subcortical	  projections,	  hippocampus	  and	  diencephalon.31	  Lesions	  of	  the	  frontal	  lobe	  

may	  cause	  behavioural	  changes	  such	  as	  irritability,	  aggressiveness	  and	  loss	  of	  judgement.32	  

Complications	  Following	  a	  Concussion	  

Epidural	  and	  subdural	  hematomas	  can	  lead	  to	  intracranial	  bleeding.	  These	  conditions	  

can	  accompany	  a	  concussion.	  Intracranial	  bleeding	  is	  a	  serious	  medical	  emergency	  requiring	  

immediate	  care.	  A	  CT	  Scan	  is	  required	  to	  determine	  the	  presence	  of	  either	  type	  of	  bleed.	  

Epidural	  hematomas	  are	  caused	  by	  a	  tear	  to	  the	  meningeal	  arteries	  following	  an	  impact.12	  An	  

athlete	  or	  patient	  with	  an	  epidural	  hematoma	  will	  typically	  present	  with	  a	  history	  of	  head	  injury	  

accompanied	  by	  a	  short	  loss	  of	  consciousness.33	  After	  consciousness	  is	  regained,	  a	  lucid	  period	  

typically	  follows	  before	  progressing	  rapidly	  to	  a	  second	  period	  of	  unconsciousness.	  Symptoms	  to	  

look	  for	  during	  the	  lucid	  period	  include	  ipsilateral	  pupil	  dilation	  and	  contralateral	  side	  

paralysis.33	  These	  symptoms	  and	  change	  in	  level	  of	  consciousness	  will	  typically	  occur	  within	  a	  

short	  span	  of	  time	  due	  to	  the	  arterial	  nature	  of	  the	  bleed.	  Subdural	  hematomas	  occur	  when	  the	  

veins	  between	  the	  dura	  mater	  and	  the	  brain	  are	  torn	  by	  shear	  force	  during	  acceleration	  and	  

deceleration	  of	  the	  brain.12	  Symptoms	  of	  a	  subdural	  bleed	  will	  typically	  progress	  much	  slower	  

than	  an	  epidural	  hematoma.	  An	  acute	  subdural	  hematoma	  will	  show	  symptoms	  within	  24	  hours,	  

while	  a	  subacute	  subdural	  hematoma	  may	  not	  show	  symptoms	  for	  2	  –	  10	  days	  post-‐injury.33	  
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Common	  symptoms	  of	  a	  subdural	  hematoma	  include	  drowsiness,	  confusion,	  apathy	  and	  a	  

decreasing	  level	  of	  consciousness.33	  	  

	   Post-‐concussion	  syndrome	  is	  an	  exacerbation	  of	  the	  psychological	  and	  cognitive	  

symptoms	  of	  concussion	  prolonged	  during	  an	  extended	  period	  of	  time	  with	  an	  unknown	  

underlying	  mechanism.34	  The	  clinical	  criteria	  for	  post-‐concussion	  syndrome	  as	  defined	  by	  the	  

World	  Health	  Organization	  as	  having	  three	  or	  more	  of	  the	  following	  symptoms:	  headache,	  

dizziness,	  fatigue,	  irritability,	  insomnia,	  concentration	  difficulty	  or	  memory	  difficulty.	  Typically	  

these	  symptoms	  arise	  within	  four	  weeks	  from	  the	  original	  injury.27	  Although	  little	  is	  known	  

about	  this	  condition,	  it	  is	  thought	  to	  be	  caused	  by	  psychological	  distress	  that	  develops	  when	  an	  

individual	  has	  an	  extended	  recovery	  time.35	  Those	  who	  have	  a	  history	  of	  prior	  concussion	  or	  

psychological	  disorder	  are	  at	  a	  higher	  risk	  for	  developing	  post-‐concussion	  syndrome.	  Post-‐

concussion	  syndrome	  is	  often	  misdiagnosed	  due	  to	  its	  similarity	  with	  other	  psychological	  

disorders	  such	  as	  anxiety	  and	  depression.34	  

	   Second	  Impact	  Syndrome	  occurs	  when	  an	  individual	  suffers	  a	  second	  concussion	  before	  

a	  previous	  concussion	  is	  fully	  resolved.36	  While	  this	  condition	  is	  not	  well	  understood,	  the	  theory	  

behind	  it	  states	  that	  the	  initial	  environment	  caused	  by	  the	  first	  concussion	  is	  exacerbated	  with	  a	  

second	  impact.	  The	  brain	  is	  not	  capable	  of	  handling	  a	  second	  neurometabolic	  cascade	  in	  its	  

damaged	  state,	  resulting	  in	  a	  loss	  of	  cerebral	  blood	  flow	  regulation,	  swelling	  and	  eventually	  

death.24,25	  Cerebral	  swelling	  causes	  an	  increase	  in	  intracranial	  pressure,	  leading	  to	  brainstem	  

herniation.37	  Damage	  to	  the	  brainstem	  affects	  the	  breathing	  and	  cardiac	  control	  centers,	  which	  

eventually	  leads	  to	  death.	  Reports	  have	  shown	  that	  death	  from	  second	  impact	  syndrome	  occurs	  

within	  2-‐5	  minutes	  after	  impact.38	  If	  a	  patient	  is	  suspected	  to	  have	  second	  impact	  syndrome,	  

they	  should	  be	  immediately	  stabilized	  at	  the	  level	  of	  the	  cervical	  spine.	  Special	  attention	  should	  
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be	  paid	  to	  airway	  maintenance	  and	  the	  athlete	  should	  be	  transported	  for	  further	  care	  as	  soon	  as	  

possible.	  

Chronic	  Traumatic	  Encephalopathy	  (CTE)	  is	  a	  neurodegenerative	  disorder	  caused	  by	  

repeated	  head	  trauma.39	  It	  has	  been	  studied	  extensively	  in	  boxers,	  and	  is	  now	  being	  seen	  in	  

athletes	  from	  other	  contact	  sports	  such	  as	  football	  and	  soccer.40	  Symptoms	  typically	  include	  

neurological,	  cognitive,	  psychiatric	  and	  behavioural	  changes.41	  In	  the	  early	  stages	  of	  this	  disease,	  

attention,	  concentration	  and	  memory	  are	  affected.	  Disorientation	  and	  confusion	  are	  also	  

common.	  As	  the	  brain	  progressively	  deteriorates,	  lack	  of	  insight,	  poor	  judgment,	  and	  dementia	  

are	  seen.	  In	  severe	  cases,	  muscular	  movements	  become	  slowed,	  gait	  and	  speech	  are	  affected,	  

and	  tremors	  begin.42	  The	  development	  of	  Parkinsonism	  may	  also	  be	  seen	  during	  the	  second	  and	  

third	  stages.43	  Symptoms	  typically	  develop	  later	  in	  life,	  and	  often	  years	  after	  the	  completion	  of	  

the	  athlete’s	  career.40	  Common	  pathology	  seen	  with	  CTE	  includes	  a	  reduction	  in	  brain	  weight,	  

enlargement	  of	  the	  lateral	  and	  third	  ventricles,	  thinning	  of	  the	  corpus	  callosum,	  cavum	  septum	  

pellucidum	  with	  fenestrations,	  and	  scarring	  and	  neuronal	  loss	  of	  the	  cerebellar	  tonsils.43	  The	  

reduction	  is	  brain	  weight	  is	  typically	  due	  to	  atrophy	  of	  the	  frontal,	  temporal	  and	  parietal	  lobes.43	  

Neurofibrillary	  tangles	  and	  tau	  protein	  formation	  are	  two	  common	  biological	  abnormalities	  seen	  

with	  CTE.	  In	  a	  normal	  brain,	  tau	  proteins	  promote	  microtubule	  assembly.39	  In	  a	  CTE	  brain,	  these	  

proteins	  are	  phosphorylated,	  causing	  a	  disassembly	  of	  microtubules	  leading	  to	  impaired	  axonal	  

transport	  and	  synaptic	  function.44	  Currently	  there	  are	  no	  accepted	  diagnostic	  criteria	  for	  CTE.	  

Evaluation	  of	  a	  Concussion	  

There	  are	  many	  tools	  available	  to	  aid	  in	  the	  assessment	  of	  a	  concussion.	  These	  tools	  

typically	  identify	  the	  presence	  of	  symptoms,	  as	  well	  as	  cognitive	  and	  postural	  or	  balance	  deficits.	  	  
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Before	  testing	  for	  a	  concussion,	  it	  is	  essential	  to	  rule	  out	  more	  severe	  injuries	  such	  as	  a	  

skull	  fracture	  or	  intracranial	  bleed.	  The	  cranial	  and	  facial	  bones	  should	  be	  palpated	  to	  check	  for	  

tenderness,	  deformation	  and	  lacerations.	  Although	  neuroimaging	  typically	  does	  not	  show	  signs	  

of	  a	  concussion,	  it	  is	  necessary	  if	  a	  more	  severe	  injury	  is	  suspected.	  The	  Canadian	  CT	  Head	  Rules	  

have	  been	  shown	  to	  have	  100%	  sensitivity	  and	  76.3%	  specificity	  in	  determining	  whether	  a	  head	  

injury	  patient	  requires	  neurosurgery.45	  The	  Canadian	  CT	  Head	  Rule	  states	  that	  a	  patient	  with	  

minor	  head	  injury	  and	  a	  Glasgow	  Coma	  Scale	  score	  of	  13-‐15	  who	  experienced	  loss	  of	  

consciousness,	  amnesia	  or	  confusion	  is	  at	  high	  risk	  for	  neurosurgical	  intervention	  if	  they	  

experience	  any	  of	  the	  following:	  a	  Glasgow	  Coma	  Scale	  score	  of	  <15	  2	  hours	  post-‐injury,	  a	  

suspected	  skull	  fracture,	  any	  sign	  of	  basal	  skull	  fracture	  (raccoon	  eye’s,	  Battle’s	  sign,	  etc.),	  two	  

or	  more	  episodes	  of	  vomiting,	  or	  are	  65	  years	  or	  older.	  Patients	  are	  at	  a	  medium	  risk	  for	  brain	  

injury	  detection	  by	  a	  CT	  scan	  if	  they	  have	  experienced	  retrograde	  amnesia	  for	  30	  minutes	  or	  

more	  leading	  up	  to	  impact,	  or	  have	  a	  dangerous	  mechanism	  of	  injury	  such	  as	  a	  fall	  from	  greater	  

than	  3	  feet	  or	  a	  serious	  motor	  vehicle	  accident.26	  If	  the	  patient	  or	  athlete	  presents	  with	  any	  of	  

these	  findings,	  they	  should	  be	  immediately	  transported	  for	  further	  neuroimaging.	  

	   Tests	  for	  concussions	  are	  used	  most	  effectively	  when	  a	  pre-‐season	  baseline	  is	  

established.	  This	  allows	  the	  identification	  of	  a	  “normal”	  state	  for	  each	  individual.	  If	  a	  concussion	  

is	  sustained,	  testing	  should	  be	  done	  immediately	  post-‐injury,	  throughout	  the	  recovery	  process,	  

and	  before	  the	  athlete	  returns	  to	  play.	  Comparisons	  made	  against	  the	  baseline	  scores	  can	  show	  

progress	  as	  the	  athlete	  recovers.	  While	  normative	  data	  for	  some	  tests	  does	  exist,	  the	  most	  

accurate	  comparisons	  are	  made	  against	  baseline	  values.	  	   	  

	   It	  is	  also	  important	  to	  collect	  previous	  injury	  history	  on	  each	  athlete.	  With	  regards	  to	  

previous	  concussions,	  important	  information	  should	  include:	  number	  of	  previous	  concussions,	  



www.manaraa.com

	   	  

	  
	  

34	  

mechanism	  of	  injury,	  previous	  symptoms	  experienced,	  recovery	  time,	  and	  previous	  treatment	  

received.	  This	  can	  help	  to	  identify	  any	  patterns	  related	  to	  each	  individual.6	  	  

A	  symptom	  checklist	  is	  one	  of	  the	  simplest	  tools	  to	  evaluate	  a	  concussion.	  Different	  

models	  include	  a	  “yes/no”	  checklist,	  or	  a	  Likert	  scale	  in	  which	  the	  individual	  is	  asked	  to	  rate	  each	  

symptom	  based	  on	  severity.6	  The	  symptom	  checklist	  should	  be	  administered	  daily	  throughout	  

the	  recovery	  process,	  as	  well	  as	  during	  the	  return	  to	  play	  program.	  Caution	  should	  be	  used	  with	  

this	  tool,	  as	  many	  athletes	  will	  underreport	  symptoms	  in	  order	  to	  speed	  up	  the	  return	  to	  play	  

process.5	  A	  symptom	  checklist	  should	  never	  be	  used	  in	  isolation	  or	  as	  a	  definitive	  factor	  in	  

decision-‐making.	  

	   The	  Standardized	  Assessment	  of	  Concussion	  (SAC)46	  test	  is	  most	  commonly	  used	  to	  

evaluate	  cognitive	  deficits	  and	  mental	  status	  in	  a	  concussed	  athlete.	  The	  SAC	  is	  broken	  down	  

into	  three	  categories,	  which	  evaluate	  orientation,	  immediate	  and	  delayed	  memory,	  and	  

concentration.	  Scores	  are	  summed	  for	  a	  total	  of	  30	  points.46	  To	  test	  orientation,	  the	  athlete	  is	  

asked	  five	  questions	  about	  the	  date	  and	  time,	  for	  a	  total	  of	  five	  points.	  To	  test	  immediate	  

memory,	  the	  athlete	  is	  read	  a	  series	  of	  five	  words	  at	  a	  speed	  of	  one	  word	  per	  second,	  then	  

asked	  to	  repeat	  the	  words	  back	  in	  any	  order.	  This	  is	  repeated	  three	  times,	  for	  a	  total	  of	  15	  

points.	  At	  a	  later	  time,	  the	  athlete	  is	  asked	  to	  repeat	  the	  word	  list	  back	  once,	  without	  it	  being	  

read	  again.	  This	  tests	  delayed	  memory	  recall	  and	  is	  worth	  an	  additional	  five	  points.	  The	  final	  

portion	  of	  the	  SAC	  evaluates	  concentration	  with	  two	  tests.	  First,	  the	  athlete	  is	  read	  a	  series	  of	  3,	  

4,	  5	  and	  6	  numbers,	  and	  asked	  to	  repeat	  them	  back	  in	  reverse	  order.	  If	  they	  are	  unable	  to	  

complete	  a	  trial	  after	  two	  attempts,	  they	  will	  receive	  a	  score	  of	  zero	  for	  each	  longer	  trial.	  This	  

portion	  is	  worth	  four	  points.	  The	  final	  test	  of	  the	  concentration	  section	  asks	  the	  athlete	  to	  

repeat	  the	  months	  in	  reverse	  order	  starting	  with	  December.47	  All	  points	  are	  added	  together,	  
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with	  a	  lower	  score	  indicating	  a	  higher	  degree	  of	  cognitive	  deficit.6	  The	  SAC	  has	  shown	  a	  high	  

level	  of	  reliability	  and	  validity	  in	  determining	  changes	  in	  mental	  status	  post-‐concussion.	  A	  drop	  

of	  one	  point	  or	  more	  when	  compared	  to	  a	  baseline	  score	  has	  been	  associated	  with	  94%	  

sensitivity	  and	  76%	  specificity	  of	  detecting	  cognitive	  deficits.48	  Studies	  of	  high	  school	  athletes	  

have	  shown	  baseline	  SAC	  scores	  of	  between	  25.19	  (+3.10)	  to	  26.9	  (+2.3).49,50	  

	   The	  Balance	  Error	  Scoring	  System	  (BESS)51	  is	  used	  to	  test	  the	  effects	  of	  concussion	  on	  

posture	  and	  balance.	  The	  athlete	  is	  instructed	  to	  stand	  still	  with	  their	  eyes	  closed	  for	  20	  

seconds.	  The	  test	  includes	  three	  positions:	  a	  double	  leg	  stance;	  a	  single	  leg	  stance	  on	  the	  non-‐

dominant	  foot;	  and	  a	  tandem	  stance	  where	  the	  athlete	  stands	  heel	  to	  toe	  with	  the	  dominant	  leg	  

in	  front.	  Each	  position	  is	  completed	  on	  a	  flat	  and	  foam	  surface	  and	  any	  deviations	  from	  starting	  

position	  are	  recorded.	  A	  deviation	  is	  classified	  as	  any	  movement	  away	  from	  the	  starting	  

position,	  and	  can	  include	  errors	  such	  as:	  removing	  hands	  from	  hips,	  opening	  eyes,	  stumbling,	  

touching	  foot	  to	  the	  ground,	  moving	  the	  hip	  into	  greater	  than	  30	  degrees	  of	  abduction,	  or	  

remaining	  out	  of	  the	  starting	  position	  for	  longer	  than	  5	  seconds.47	  Each	  testing	  position	  is	  scored	  

out	  of	  10	  points,	  with	  one	  point	  lost	  for	  each	  deviation	  from	  the	  starting	  position.	  In	  addition,	  a	  

subject	  who	  cannot	  maintain	  the	  testing	  position	  for	  5	  seconds	  at	  the	  start	  receives	  a	  score	  of	  

zero.47	  In	  a	  study	  of	  high	  school	  athletes,	  the	  average	  baseline	  BESS	  score	  was	  25.82	  out	  of	  a	  

total	  of	  30	  points.50	  

	   The	  Sport	  Concussion	  Assessment	  Tool	  2	  (SCAT2)	  is	  a	  helpful	  tool	  for	  sideline	  

assessment.	  This	  test	  incorporates	  a	  symptom	  checklist,	  Glasgow	  Coma	  Scale,	  questions	  of	  

orientation	  (Maddock’s	  Scale),	  as	  well	  as	  SAC,	  BESS	  and	  coordination	  tests.47	  The	  total	  score	  for	  

the	  SCAT2	  is	  100	  points.	  Studies	  of	  high	  school	  athletes	  have	  shown	  that	  the	  average	  baseline	  

score	  falls	  between	  87	  –	  92.3.49,50	  
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Neuropsychological	  testing	  is	  also	  an	  important	  component	  of	  a	  concussion	  evaluation.	  

This	  type	  of	  testing	  evaluates	  constructs	  such	  as	  reaction	  time,	  information	  processing,	  problem	  

solving,	  attention	  and	  memory.6	  Traditionally,	  these	  tests	  were	  administered	  in	  a	  paper	  and	  

pencil	  format	  by	  neuropsychologists.	  Recently,	  many	  computer-‐based	  tests	  have	  become	  

available.	  Examples	  of	  such	  include	  the	  Automated	  Neuropsychological	  Assessment	  Metrics	  

(ANAM),	  CogSport,	  Concussion	  Resolution	  Index,	  and	  Immediate	  Postconcussion	  Assessment	  

and	  Cognitive	  Testing	  (ImPACT).6	  Computer-‐based	  tests	  have	  many	  advantages,	  including	  ease	  

of	  administration	  and	  multiple	  variations	  to	  prevent	  practice	  effects.6	  Access	  to	  this	  type	  of	  

testing	  has	  become	  important	  in	  the	  return	  to	  play	  decision-‐making	  process.	  Recent	  research	  

has	  shown	  that	  athletes	  may	  continue	  to	  exhibit	  neurocognitive	  deficits	  even	  though	  symptoms	  

has	  resolved.5,52	  One	  study	  found	  that	  38%	  of	  participants	  tested	  using	  the	  ImPACT	  system	  

showed	  cognitive	  deficits	  even	  after	  reporting	  being	  asymptomatic.5	  

Concussion	  Management	  

	   Once	  an	  individual	  has	  been	  diagnosed	  with	  a	  concussion,	  there	  are	  many	  steps	  that	  

need	  to	  be	  taken	  to	  promote	  a	  successful	  recovery.	  The	  Third	  International	  Conference	  on	  

Concussions	  in	  Sport	  states	  that	  an	  athlete	  who	  sustains	  a	  concussion	  is	  not	  to	  return	  to	  play	  the	  

same	  day.3	  The	  athlete	  should	  refrain	  from	  any	  activity	  that	  exacerbates	  concussion	  symptoms,	  

and	  should	  be	  frequently	  evaluated	  by	  a	  medical	  professional	  for	  changes	  in	  symptoms,	  

cognition	  and	  balance.	  If	  symptoms	  increase	  at	  any	  time,	  the	  athlete	  should	  be	  referred	  to	  a	  

physician	  for	  possible	  neuroimaging.6	  	  

	   For	  the	  first	  24	  hours	  after	  injury,	  a	  friend,	  parent,	  or	  roommate	  who	  can	  watch	  for	  

worsening	  symptoms	  or	  a	  decline	  in	  mental	  status	  should	  monitor	  the	  athlete.	  Such	  instances	  

may	  be	  indicative	  of	  an	  intracranial	  bleed	  or	  other	  serious	  medical	  conditions.33	  
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	   Medications	  containing	  aspirin	  or	  non-‐steroidal	  anti-‐inflammatory	  drugs	  (NSAIDs)	  

should	  be	  avoided.	  These	  have	  been	  shown	  to	  decrease	  platelet	  function	  and	  increase	  the	  

possibility	  of	  intracranial	  bleeding,	  in	  addition	  to	  diminishing	  existing	  symptoms.6	  Alcohol	  and	  

narcotics	  should	  also	  be	  avoided,	  as	  they	  have	  an	  effect	  on	  nervous	  system	  function,	  and	  can	  

also	  mask	  symptom	  changes.6	  	  

Originally,	  it	  was	  thought	  that	  an	  athlete	  should	  be	  awakened	  every	  3-‐4	  hours	  at	  night	  

to	  determine	  if	  any	  symptom	  changes	  had	  occurred.	  However,	  recent	  evidence	  from	  research	  

has	  shown	  that	  this	  may	  be	  unnecessary	  and	  may	  have	  an	  adverse	  reaction	  on	  symptoms	  due	  to	  

a	  disturbance	  of	  the	  sleep	  cycle.6	  	  

	   As	  symptoms	  begin	  to	  decrease,	  the	  individual	  should	  resume	  activities	  of	  daily	  living	  

such	  as	  work,	  school	  and	  driving,	  but	  should	  refrain	  from	  any	  activities	  that	  put	  them	  at	  risk	  of	  

further	  injury	  or	  exacerbation	  of	  symptoms	  until	  completely	  symptom-‐free.	  The	  individual	  

should	  make	  every	  attempt	  to	  achieve	  “cognitive	  rest”,	  meaning	  that	  activities	  requiring	  intense	  

concentration	  should	  be	  avoided.	  This	  includes	  activities	  involving	  computer	  usage,	  playing	  

video	  games	  and	  watching	  television.	  These	  activities	  may	  cause	  an	  increase	  in	  symptoms.6	  

	   Strenuous	  exercise	  should	  be	  avoided,	  as	  it	  has	  been	  shown	  to	  prolong	  symptoms.	  

Exercise	  varies	  the	  amount	  of	  glucose	  uptake	  in	  the	  brain.53	  As	  previously	  discussed,	  the	  

concussed	  brain	  is	  already	  lacking	  glucose	  for	  energy	  production.	  Exercise	  may	  worsen	  this	  

condition,	  causing	  prolonged	  symptom	  resolution.	  

Return	  to	  Play	  

	   After	  24	  hours	  of	  being	  symptom-‐free,	  the	  athlete	  may	  begin	  a	  stepwise	  return	  to	  play	  

program.	  This	  protocol	  was	  developed	  at	  the	  First	  International	  Conference	  on	  Concussion	  in	  

Sport	  in	  2001,	  and	  has	  been	  the	  accepted	  standard	  since.1,3	  This	  protocol	  is	  composed	  of	  six	  
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steps.	  Each	  step	  should	  be	  completed	  a	  minimum	  of	  24	  hours	  after	  the	  previous	  stage.	  If	  the	  

athlete	  develops	  symptoms	  at	  any	  stage,	  they	  are	  to	  repeat	  the	  previous	  stage	  after	  24	  hours	  

and	  wait	  an	  additional	  24	  hours	  before	  attempting	  to	  progress.	  The	  entire	  protocol	  takes	  a	  

minimum	  of	  six	  days	  to	  complete	  if	  the	  athlete	  is	  able	  to	  progress	  through	  each	  stage	  

asymptomatically.	  	  

	   Stage	  one	  is	  a	  period	  of	  physical	  and	  mental	  rest.1	  The	  athlete	  should	  refrain	  from	  

exercise	  and	  any	  cognitively	  challenging	  activities,	  such	  as	  studying,	  watching	  tv	  and	  playing	  

video	  games.	  Stage	  two	  allows	  the	  athlete	  to	  begin	  light	  aerobic	  exercise	  such	  as	  cycling	  or	  

swimming.1	  In	  stage	  3,	  sport-‐specific	  aerobic	  exercises	  such	  as	  skating	  and	  running	  are	  added.1	  

The	  athlete	  may	  return	  to	  sport-‐specific	  activity	  drills	  in	  stage	  4,	  but	  should	  avoid	  any	  contact.1	  

Types	  of	  activities	  permitted	  in	  stage	  4	  include	  dribbling,	  shooting	  and	  catching.	  Before	  

progressing	  to	  stage	  5,	  the	  athlete	  should	  be	  cleared	  for	  participation	  by	  a	  medical	  professional.	  

They	  may	  then	  participate	  in	  a	  full-‐contact	  practice	  with	  teammates.	  The	  final	  stage	  allows	  the	  

athlete	  to	  return	  to	  competition.1	  It	  has	  been	  suggested	  that	  the	  athlete	  be	  challenged	  with	  a	  

“cognitive	  training”	  period	  between	  stages	  one	  and	  two.	  This	  may	  include	  light	  cognitive	  

activities	  such	  as	  reading.26	  

	   The	  athletic	  trainer	  plays	  a	  crucial	  role	  in	  the	  return	  to	  play	  process.	  Often,	  the	  athletic	  

trainer	  is	  responsible	  for	  monitoring	  the	  athlete’s	  symptoms	  and	  performance	  throughout	  each	  

stage.	  The	  decision	  to	  return	  an	  athlete	  to	  play	  typically	  falls	  to	  the	  team	  physician	  or	  sports	  

medicine	  team,	  although	  the	  athletic	  trainer	  may	  be	  responsible	  for	  this	  decision	  if	  there	  is	  not	  a	  

physician	  present.	  
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APPENDIX	  

SURVEY	  QUESTIONNAIRE	  

	  

Demographic	  Information	  

1. In	  what	  year	  did	  you	  become	  certified	  as	  an	  athletic	  trainer?	  

2. How	  many	  years	  have	  you	  practiced	  as	  an	  athletic	  trainer?	  

3. Which	  term	  best	  describes	  your	  current	  job	  title?	  

a. Athletic	  Trainer	  

b. Strength	  and	  Conditioning	  Coach	  

c. Physician	  Extender	  

d. Other:	  ______________________	  

4. Which	  setting	  best	  describes	  your	  current	  job	  setting?	  

a. High	  School	  

b. College	  

i. Division:	  ___________	  

c. Professional	  Sports	  Team	  

d. Semi-‐professional	  Sports	  Team	  

e. Private	  Clinic	  

f. Hospital	  

g. Other:	  _____________________	  
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5. Do	  you	  work	  with	  athletes?	  If	  yes,	  which	  sport?	  Check	  all	  that	  apply.	  

a. Football	  

b. Hockey	  

c. Baseball/Softball	  

d. Basketball	  

e. Rugby	  

f. Volleyball	  

g. Soccer	  

h. Other:	  ___________________	  

6. Is	  there	  an	  assigned	  physician	  at	  your	  current	  place	  of	  employment?	  If	  yes,	  what	  type	  of	  

physician?	  (General	  practitioner,	  neurologist,	  orthopedic,	  etc)	  

Concussion	  Questions	  

7. On	  average,	  how	  many	  concussions	  do	  you	  see	  per	  year	  at	  your	  current	  place	  of	  

employment?	  

8. On	  a	  scale	  of	  1-‐10,	  how	  well	  do	  you	  feel	  you	  were	  educated	  on	  concussion	  management	  

during	  schooling	  to	  become	  an	  athletic	  trainer?	  (1=not	  educated	  at	  all;	  10=extremely	  

well	  educated)	  

9. On	  a	  scale	  of	  1-‐10,	  how	  well	  do	  you	  feel	  you	  are	  currently	  prepared	  to	  manage	  a	  

concussion,	  should	  the	  situation	  arise?	  (1=not	  at	  all	  prepared;	  10=extremely	  well	  

prepared)	  

10. Have	  you	  taken	  any	  continuing	  education	  seminars/courses	  related	  to	  concussion	  

diagnosis	  or	  management?	  If	  yes,	  how	  many?	  
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11. Which	  tools	  do	  you	  use	  to	  diagnose	  concussions	  at	  your	  current	  place	  of	  employment?	  

Check	  all	  that	  apply.	  

a. SCAT2	  

b. ImPACT	  

c. ANAM	  

d. Symptom	  checklist	  

e. BESS	  

f. SAC	  

g. Other:	  ________________________	  

12. Who	  is	  responsible	  for	  diagnosing	  a	  concussion	  at	  your	  current	  place	  of	  employment?	  

a. Athletic	  Trainer	  

b. Team	  Physician	  

c. Neurologist	  

d. Sports	  Medicine	  Team	  

e. Other:	  ______________________	  

13. Which	  strategies	  do	  you	  use	  in	  the	  management	  of	  concussion?	  Check	  all	  that	  apply.	  

a. Bed	  rest	  

b. Rest	  from	  activity	  

c. Mental	  rest	  

d. Medication	  

e. Activity	  modification	  

f. None	  

g. Other:	  _________________________	  	  
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14. What	  tests	  do	  you	  use	  to	  determine	  whether	  or	  not	  a	  player	  is	  ready	  to	  return	  to	  play?	  

Check	  all	  that	  apply.	  

a. Symptom	  resolution	  

b. Return	  to	  baseline	  scores	  

c. Neuropsychological	  testing	  (ImPACT,	  ANAM)	  

d. Other:	  ________________________	  

15. Who	  is	  responsible	  for	  making	  return	  to	  play	  decisions	  at	  your	  current	  place	  of	  

employment?	  

a. Athletic	  Trainer	  

b. Team	  Physician	  

c. Neurologist	  

d. Sports	  medicine	  team	  	  

e. Other:	  ____________________	  

16. Which	  return	  to	  play	  protocols	  do	  you	  use	  at	  your	  current	  place	  of	  employment?	  Check	  

all	  that	  apply.	  

a. Complete	  symptom	  resolution	  

b. Step-‐wise	  program	  (Vienna	  Conference)	  

c. Neuropsychological	  tests	  return	  to	  baseline	  

d. Other:	  _____________________	  

17. Do	  you	  feel	  that	  you	  have	  ever	  returned	  a	  concussed	  athlete	  too	  soon?	  

a. Yes	  

b. No	  

c. Not	  applicable	  
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18. Do	  you	  feel	  that	  your	  current	  place	  of	  employment	  has	  the	  appropriate	  measures	  in	  

place	  to	  properly	  manage	  a	  concussion?	  (access	  to	  testing,	  adequate	  training	  

staff/sports	  medicine	  team	  members,	  etc)	  

a. Yes	  

b. No	  

c. Not	  applicable	  	  

19. On	  a	  scale	  of	  1-‐10,	  how	  involved	  is	  your	  assigned	  physician	  throughout	  the	  concussion	  

process?	  (1=not	  involved;	  10=involved	  in	  every	  step)	  Disregard	  if	  you	  do	  not	  have	  an	  

assigned	  physician.	  

20. On	  a	  scale	  of	  1-‐10,	  how	  confident	  are	  you	  in	  the	  physician’s	  ability	  to	  properly	  manage	  a	  

concussion?	  (1=do	  not	  believe	  physician	  can	  manage	  a	  concussion;	  10=physician	  is	  

extremely	  proficient	  at	  managing	  concussions)	  Disregard	  if	  you	  do	  not	  have	  an	  assigned	  

physician.	  
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