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Concussion 101
• Defined: Concussion is a brain injury and is defined as a 

complex pathophysiological process affecting the brain, 
induced by biomechanical forces.

– McCrory et al, 2013

• Epidemiology: 1.6 – 3.8 million annually/US
– Langlois et al, 2006

• Risk Factor: 
– Second Impact Syndrome
– ↑3 – 6x risk of subsequent concussion.
– Later life neuropathological consequences

• WAY BEYOND THE SCOPE OF THIS TALK TODAY
– Subsequent MSK injury??
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Professional Sports
• Australian Football League 

– A non-significant ↑2.23x one match post-
concussion (4 seasons: 2000 – 2003)
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Professional Sports
• Professional European Soccer

– A ↑2.2x risk of MSK injury in year post-concussion.

– Injury rate increases over time.
– BUT…..also a ↑2.0 risk in the year PRIOR.

• Injury prone? Risk Taker?
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Professional Sports
• Professional Rugby  

– 60% greater risk of same season time loss injury for 
those with concussion vs no concussion.

• No pre-concussion injury rate differences
• Injury occurs sooner
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Retrospective: Professional Sports
• Swedish Ice Hockey Elite League 

– Retrospective analysis over 28 years
• Knee injury (N=104) vs 

Concussion (N=144)
– No injury rate differences 

overall 
– Significant increase in severe

injuries (time loss >28 days)
within 21 days post-
concussion.
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Retrospective: Professional Sports
• National Football League Retired Players

– Reviewed self-reported medical history of 2,429 
former NFL players from 1930 – 2001. 

– Dose Dependent increased rate of “serious” MSK
• “higher number of concussions is linked with higher 

odds of reporting a musculoskeletal injury”
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College Sports
• UNC Athletes – Acute LE MSK 

– Tightly controlled study: Conc +/-1 year
• ↑1.97x vs year prior to concussion &1.64x vs control
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College Sports
• Wisconsin Athletes – Acute LE MSK 

– Tightly controlled
& matched study 

• 87 Concussions & 
182 Control

• ↑2.48x in the 90
days post-concussion
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Retrospective: College Sports
• NCAA Athletes: End of Career

– 335 athletes from 13 sports & 17 schools
– Differentiated Reported, Unreported, Unrecognized 
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ACL Issue



Hospital Database
• Missed Concussions during ED visits for serious 

Orthopedic Trauma
– Patients suffering from an upper limb monotrauma are 

significantly more at risk of sustaining a mTBI compared 
to lower limb fractures (x2 = 6.70; p = 0.010).

– Patients with a proximal upper limb injury were 
significantly more at risk of sustaining concomitant mild 
TBI compared to distal upper limb fractures (x2 = 7.07; p = 
0.008). 
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Hospital Database
• Ice Hockey and Football Athletes 

– Athletes with a concussion were more likely to 
sustain injuries compared with the control group, 
both before (↑1.98) and after concussion (↑1.72).

– No increased risk within Concussion group.
• Injury prone?
• Risk Takers?
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High School Data
• Unpublished Materials

– NATION Dataset 
• 27 HS Sports, 147 High Schools, & 26 States

– 2011 – 2015 Academic Years
• 8,064 Athletes

– Small, but significant, (↑31.5%) risk of LE injury
• Risk is higher in a non-contact sport
• NATION dataset also showed non-contact sports have 

a higher rate of PCS than collision or contact sports
– Different from College data sets.

• Limitations
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• General trend for 
elevated risk (~↑1.5-
2.0x) of MSK injury 
up to 2 years post-
concussion across a 
wide range of sports, 
levels, and study 
design (prospective 
& retrospective)

15

Summary

And knees 
and ankles, 
and feet???



Limitations
• Limitations in the Approach

– How do we define “injury”
• NCAA ISS/Datalys Center Definition, “received medical 

attention by an AT or physician”
• Older Definitions, “Required time loss from 

participation”

– Populations
• College is only DI.  No published HS data.  No existing 

data for youth sports.
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WHY??
• No proven explanations
• 2 General Hypothesis

– 1) Innate Characteristic 
• Playing Style, position, risk taking, injury prone, etc

– 2) Unresolved Deficits at RTP
• Lingering deficits in balance and/or cognition especially 

during dual task performance 
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1. Innate Characteristics
• Psychological Considerations

– Injury associated with impulsive, revenge-seeking behavior often 
modelled and encouraged by coaches, parents and teammates. They 
disregard their injury-causing potential and perform an aggressive act 
“in the heat of the moment”. (Hockey)

• Impulse Control Considerations?
– Cusimano et al, PLOS One.  2016.

– Psychological Characteristics for New Injuries 
• High Life Stressors, Perception of Mastery Climate (effort and outcome) (Soccer)

– Steffen et al, Scan J Med Sports, 2009: 19: 442 – 451.  

• Type A behavior pattern and exercise dependency
– Ekenman et al, Scand J Sports Med, 2001: 11(2): 87-95.

• Sensation Seeking (seeking out new and exciting experiences)
– Smith et al, J Personality Social Psych, 1992: 62(6) 1016 – 1024

• “Tough Minded”, “Lack of Caution”, Very High or Very Low Anxiety
– Junge et al, Am J Sports Med. 2000: 28(5): S10-15 18



1. Innate Characteristics
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1. Innate Characteristics
• Performance Considerations

– Brains & Sprains?
– Athletes with NC-ACL tears have lower baseline ImPACT test results 

• Swanik et al.  Am J Sports Med, 2007: 35(6): 943 – 948.
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1. Innate Characteristics
• Performance Considerations

– Modifiable Physical Capabilities? 
• Wilkerson et al, JAT 2012: 264-272
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Clinical Recovery
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2. Unresolved Deficits at RTP



2. Unresolved Deficits at RTP
• Balance

– Gait, Gait Initiation/Termination, Quiet Stance, Sensory 
Organization Test.

– Dual task consistently exaggerates the deficits
• Cognition

– Computerized neurocognitive tests, pen & paper tests.  
• Brain Activity

– Visual-Kinesthetic Integration, EEG activity profiles and 
patterns, Reduced Intra-Cortical Facilitation

• Neuroimaging
– fMRI, DTI, MRS, SWI, etc
– Meaningfulness of imaging changes?
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Clinical Applications
• If we accept elevated risk of subsequent MSK 

in the year post-concussion,
• If we accept there are some factors which may 

be modifiable, 
• What are the clinical implications?

– Injury Prediction?
– Injury Prevention?
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Injury Prediction Modeling
• The multifactorial complex nature of sports injuries arises not from 

the linear interaction between isolated and predictive factors, but 
from the complex interaction among a web of determinants.
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Injury Prediction Modeling
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Injury Prevention – We have to Try!
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Injury Prevention 
• Subsequent MSK typically associated with Acute 

Lower Extremity Injury
• Lateral Ankle Sprain

– Prophylactic balance and coordination training 
substantially reduced the risk of ankle sprains in 
athletes, with a greater effect seen in those with a 
history of sprain. Completing at least 6 weeks of 
balance and coordination training during recovery 
from an acute ankle sprain substantially reduced the 
risk of recurrent ankle sprain for up to 1 year.

• McKeon et al, JAT 2008: 43(3): 305 – 315 
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Injury Prevention
• ACL Risk Reduction

– The analysis found that preventive neuromuscular 
Training (PNMT) with strengthening and proximal 
control exercises significantly reduced ACL injury 
incidences compared to PNMT programs without 
those exercise components

• Incorporating plyometrics, strengthening and proximal 
control training into PNMT programmes can lead to ACL 
injury risk reduction by 61% in plyometrics, 68% in 
strengthening, and 67% in proximal control in young females
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Injury Prevention
• Sports Injury Reduction

– FIFA 11+ Injury Prevention
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Summary

• Consistent association between concussion 
and subsequent MSK.

• Underlying mechanisms are currently 
theoretical 

• Injury Prediction modeling has limited value
• Targeted Injury Prevention can be highly 

effective
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