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•  It	  has	  been	  es?mated	  that	  up	  to	  3.8	  million	  concussions	  occur	  annually1,	  many	  of	  which	  occur	  in	  sports	  context.	  
•  By	  high	  school,	  half	  of	  all	  student	  athletes	  will	  have	  sustained	  a	  concussion.	  By	  college,	  one	  third	  of	  athletes	  will	  have	  sustained	  mul?ple	  concussions2.	  
•  Currently,	  concussion	  preven?on	  focuses	  on	  protec?ve	  equipment,	  amendments	  to	  rules	  and	  regula?ons	  and	  informa?on	  about	  recognizing	  

concussions3.	  There	  is	  a	  cri?cal	  need	  for	  a	  tool	  to	  evaluate	  the	  risk	  of	  concussions.	  	  
•  We	  have	  developed	  a	  tool	  which	  incorporates	  individual	  risk	  factors	  of	  sports-‐related	  concussions	  to	  assess	  the	  risk	  of	  concussions	  in	  sports	  

organiza?ons.	  We	  have	  used	  ice	  hockey	  as	  a	  model	  sport	  to	  design	  this	  tool.	  	  

The	  SOCRAT	  has	  been	  modified	  from	  a	  common	  engineering	  
applica?on	  tool,	  the	  Failure	  Mode	  and	  Effect	  Analysis	  (FMEA),	  to	  
account	  for:	  
	  
1.  Probability	  of	  different	  mutually	  exclusive	  effects	  of	  the	  same	  

failure	  mode	  by	  using	  Bayesian	  Probability.	  
	  
2.  The	  assump?on	  that	  the	  occurrence	  of	  a	  failure	  mode	  always	  

results	  in	  an	  effect.	  
	  
The	  output	  value	  of	  the	  algorithm,	  Risk	  Priority	  Number	  (RPN),	  
indicates	  the	  measure	  of	  associated	  risk.	  It	  can	  be	  represented	  as:	  
	  
	  
	  
Si	  =	  Severity	  of	  effect	  i	  that	  could	  result	  from	  failure	  mode.	  
Eij	  =	  Probability	  of	  effect	  i	  given	  the	  occurrence	  of	  failure	  mode	  
due	  to	  risk	  factor	  j.	  
Fj	  =	  Probability	  of	  the	  failure	  mode	  (i.e.	  concussion)	  occurring.	  
Oj	  =	  Measure	  of	  occurrence	  of	  risk	  factor	  j	  (	  0	  to	  1	  ).	  
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Sports	  Organiza;on	  Concussion	  
	  Assessment	  Tool	  (SOCRAT)	  

Risk	  Factor	   Severity	  (S)	   Effect	  (E)	  	   Failure	  probability	  (F)	   Occurrence	  (O)	   RPN	   Source	  

Age	  (11.5	  to	  20	  y/o)	   All	  (2)	  	   1	   1.57	  x	  o	  –	  0.57	   	  [4,5]	  
Previous	  concussion	  

history	  
Severe	  (3)	  

Non-‐severe	  (1)	  
0.07	  x	  o	  +	  0.24	  
-‐0.07	  x	  o	  +	  0.76	  

0.87	  x	  o	  +1	  	   [6]	  

Body	  checking	  allowance	   Severe	  (3)	  
Non-‐severe	  (1)	  

-‐0.01	  x	  o	  +	  0.39	  
0.01	  x	  o	  +	  0.61	  

2.88	  x	  o	  +	  1	  	   [7]	  

Previous	  body	  checking	  
experience	  	  

Severe	  (3)	  
Non-‐severe	  (1)	  

0.11	  x	  o	  +	  0.28	  	  
-‐0.11	  x	  o	  +	  0.72	  

0.19	  x	  o	  +	  1	  	  
	  

[6]	  

Use	  of	  helmet	  face	  shield	   Severe	  (3)	  
Non-‐severe	  (1)	  

-‐0.29	  x	  o	  +	  0.32	  
0.29	  x	  o	  +	  0.68	  

1	   [8]	  

Game	  v.	  prac;ce	  -‐	  M	  
Game	  v.	  prac;ce	  -‐	  FM	  	  

All	  (2)	  	  
All	  (2)	  

1	  
1	  	  

8.92	  x	  o	  +	  1	  
5.70	  x	  o	  +1	  	  

[9]	  	  

RISK	  FACTORS	  FOR	  CONCUSSIONS	  IN	  ICE	  HOCKEY	  
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Fig	  1.	  The	  four	  categories	  of	  risk	  factors	  included	  in	  the	  Sports	  Organiza?on	  Concussion	  Assessment	  Tool	  (SOCRAT).	  The	  risk	  factors	  that	  are	  greyed-‐out	  are	  not	  included	  in	  the	  ice	  hockey	  model.	  	  

APPLICATION	  OF	  THE	  ASSESSMENT	  TOOL	  

• Risk	  factors	  and	  parameters	  of	  associated	  func?ons	  must	  be	  determined	  
using	  epidemiology	  data	  or	  expert	  opinion.	  

Pre-‐
Assessment	  	  

• Determine	  the	  value	  of	  Oj	  by	  assigning	  values	  ranging	  from	  0	  to	  1	  (0	  
indicates	  that	  the	  risk	  factor	  is	  not	  present,	  1	  indicates	  that	  the	  risk	  
factor	  is	  present).	  

Assessment	  

• The	  parameter	  Oj	  is	  assigned	  a	  numerical	  score	  and	  S,	  Ej,	  and	  Fj	  are	  
calculated	  based	  on	  derived	  func?ons.	  

• Calculate	  the	  RPN	  for	  each	  risk	  factor	  and	  assign	  the	  risk	  factors	  with	  
higher	  RPNs	  as	  being	  cri?cal.	  

Post-‐	  
Assessment	  	  

• Reduce	  the	  risk	  of	  cri?cal	  risk	  factors	  by	  removing/reducing	  their	  
presence	  to	  lower	  the	  score	  of	  parameter	  Oj	  (and	  therefore	  	  Ej	  	  and	  Fj).	  

• Recalculate	  the	  RPN	  of	  individual	  risk	  factors	  and	  the	  overall	  RPN	  to	  
determine	  if	  further	  ac?on	  is	  required.	  

Re-‐	  
Assessment	  

EXAMPLE	  OF	  PROPOSED	  ALGORITHM	  	  (Ice	  Hockey	  Model)	  
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•  Si	  =	  Severity	  of	  effect	  i	  that	  could	  result	  from	  failure	  mode.	  
•  Ei	  =	  Probability	  of	  effect	  i	  given	  the	  occurrence	  of	  failure	  mode	  due	  

to	  risk	  factor	  j.	  
•  Fj	  =	  Probability	  of	  the	  failure	  mode	  (i.e.	  concussion)	  occurring.	  
•  Oj	  =	  Measure	  of	  occurrence	  of	  risk	  factor	  j	  (	  0	  to	  1	  ).	  

•  FMEA	  is	  a	  common	  risk	  assessment	  tool	  in	  engineering	  
applica?on	  which	  assesses	  possible	  failure	  modes	  in	  product	  
design	  and	  manufacturing	  processes	  to	  output	  a	  risk	  priority	  
number	  (RPN)	  

•  RPN	  indicates	  the	  level	  of	  associated	  risk	  with	  each	  failure	  mode.	  
Higher	  RPN	  means	  higher	  risk.	  	  

	  
There	  are	  three	  variables	  that	  determine	  RPN:	  
•  S	  =	  	  Measure	  of	  severity	  of	  effects	  of	  a	  failure	  
•  O	  =	  Measure	  of	  the	  probability	  of	  the	  failure	  occuring	  
•  D	  =	  Measure	  of	  difficulty	  detec?ng	  a	  failure	  having	  occurred	  
	  
Giving	  us	  the	  following	  equa?on:	  
	  
	  

Si	  =	  measure	  of	  severity	  of	  effect	  i	  	  
Eij	  =	  probability	  of	  the	  occurrence	  of	  effect	  i	  given	  the	  occurrence	  of	  the	  failure	  mode	  	  
Fj	  =	  probability	  of	  the	  occrrence	  of	  failure	  mode	  	  
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•  By	  using	  the	  SOCRAT,	  sports	  organiza?ons	  will	  be	  able	  to	  es?mate	  the	  associated	  
risk	  of	  each	  iden?fied	  risk	  factor	  to	  determine	  their	  overall	  risk	  of	  concussion.	  	  

•  Sports	  Organiza?ons	  can	  use	  this	  tool	  to	  reduce	  their	  risk	  of	  concussion	  by	  
modifying	  the	  iden?fied	  cri?cal	  risk	  factors	  through	  an	  itera?ve	  process.	  

•  The	  algorithm	  can	  be	  modified	  as	  new	  research	  becomes	  available.	  	  
•  This	  tool	  needs	  to	  be	  validated	  with	  real	  data.	  	  

CONCLUSION	  

(i.e.	  the	  presence	  of	  mul?ple	  risk	  factors	  of	  concussions)	  	  

(i.e.	  the	  assump?on	  that	  a	  concussion	  will	  always	  result	  due	  to	  the	  presence	  of	  the	  risk	  factor,	  which	  may	  not	  always	  be	  true)	  

Adjustments	  made	  to	  the	  risk	  factors	  will	  be	  reflected	  in	  changes	  to	  the	  variable	  score	  and	  may	  lead	  to	  a	  reduc?on	  in	  the	  RPN	  with	  each	  repeated	  adjustment.	  	  
	  


