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Definition: Clinical, Pathological and Biomechanical



 No Standard definition: 

 Can be Caused by a direct blow to the head, face, neck 
OR anywhere on the body with an "impulsive" force 
transmitted to the head.
 Typically results in the rapid onset of short-lived impairment of 

neurological function that resolves spontaneously, 

 Though in some cases S/Sx may evolve in minutes 
to hours



Definition: Continued

 The acute clinical symptoms largely reflect a functional 
disturbances rather than a structural injury, as no injury 
is seen on standard neuroimaging

 Symptoms usually resolve in a sequential manner.
 HOWEVER, 10-20% of cases symptoms and cognitive 

dysfunction may be prolonged



Epidemiology

 Estimated 1.6 to 3.8 million sports and recreational 
TBI’s occur annually (Langlois et al, 2006)

 5-9% of all sports injuries (Gessel et al, 2007)

Occur more frequently in competition (Gessel et al, 2007, Lincoln et al, 2011)

 30% of all sports related concussions occur between 
the ages of 5-19 y/o (Meehan et al, 2010).

 Incidence is likely higher than reported as many 
athletes do not disclose concussions (McCrea et al, 2004, Valovich et 

al, 2008, Williamson et al, 2006)  







Symptoms Frequency and Duration



What to do if you suspect a 
Concussion?

 Current Game?

 Discussion with Parents?

 Return to Play?



Predictors of prolonged 
time to recovery

 Overall Burden of Symptoms (> 4 symptoms) 
 (Makdissi et al, 2010; Erlanger et al, 2003, McCrory et al 2000)

 Post-concussive HA lasting > 60 hours (Makdissi et al, 2010; Collins et al 2003)

 Previous Hx of Concussion (conflicting data) (Collins et al, 2002, Guskievicz et 
al, 2003)

 Self-reported fatigue or fogginess after the injury (Makdisi et al, 2010)

 Cognitive tests typically lag symptom recovery (on avg 2-3 days 
later)

 Notice that LOC is NOT on this list.
 No Correlation between severity of discussion and post-concussion 

syndrome (Solomon et al, 2008)
 Sports related concussion are LESS LIKELY to lead to post-concussion 

syndrome



Management and Rehabilitation



Sensitivity and Specificity 
Concussion measures:

Sens. Spec.

 ImPACT (online-72hr) 91% 69% Schatz, Sandel, 2013

 ImPACT (DT-72hr) 82% 89% Schatz, et. al., 2005

 SAC (immediate) 94% 76% McCrea, et al., 2001

 SAC (Day 2) 22% 89% McCrea, et al., 2005

 RapScrCon (24h) 70% 74% DeMonte, et al, 2010

 Full Battery (Day 2) 56% 79% McCrea, et al., 2005

 Symptoms (Day 2) 27% 100% McCrea, et al., 2005

 Symptom Clusters (D2) 47% 77% Lau, et al., 2011

 BESS (immediate) 60% 82% Register-Mihalik, et al, 
2007

 BESS (Day 2) 24% 91% McCrea, et al., 2005

 PnP Battery (Day 2) 23% 93% McCrea, et al., 200

 Child SCAT5 & SCAT5 96% 81% Putukain et al 2014



Reasons for imaging

 Vast majority do NOT need imaging, unless:
Worsening symptoms

 Pronounce amnesia

 Progressive balance dysfunction

 Focal neurological deficits
 All level C evidence



Return to Learn 

No standardized guidelines exist for returning to school

 Expert consensus is athletes should be able to return to learn w/o symptoms 
prior to returning to play

 School accommodations (provided by MD): (McGrath et al, 2010) 

 reduced workload, extended test-taking time, days off or shortened days 

 increased as tolerated

 Consensus that Adolescents and Children should have a more conservative 
approach to RTP as they are at a higher risk for prolonged course.

 Low and moderate level exercise may be helpful 
in some athletes with prolonged post-concussive 
symptoms (Alsalaheen el al J Neuro PT, 2010; Leddy et al clin j sport med, 2010)



Return to Play

 RTP after concussion should be individualized, 
gradual and progressive and should consider 
factors that may affect individual risk and outcome 
(AMSSM, level C evidence)

 Normal neuro exam, cognitive and balance testing 
compared to baseline if possible. 

 Step-wise approach based on symptoms



Many Modifiers will increase risk for a 
prolonged recovery and concussion including

 Previous Concussion: 

 2-5.8x increased RR for second concussion and more baseline sx, 
conflicting evidence if this increase risk for prolonged recovery.

 Number, severity and duration of symptoms: 

 Increase in all predictors of prolonged recovery

 Sex

 F>M in number of concussion in sports with similar rules, 

 F>M in number and severity of symptoms

 Females on average have a prolonged course.

 Thought to be due to decreased neck muscle mass to head mass 
ratio and possibly estrogens effect on cerebral blood flow



Modifers of risk for prolonged 
recovery:
 Age:

 Youth have more prolonged symptoms and are at a higher risk of 
catastrophic head injury

 Sport, position, style of play:
 Sports (see previous slides), “Backs” and kick-offs have increased risk of 

concussion, and one study showed that ¼ of concussions occurred with 
“illegal play.”

 Genetics: unclear, studies w/ “N” deficiency.
 Mood disorders

 Complicate baseline and f/u NP testing, unclear what symptoms are a result 
or made worse post-concussion, helpful to understand baseline level of 
affect.

 Learning disabilities and Attention d/o: both affect baseline testing, and but 
do not necessarily affect recovery or risk. 

 Migraines: important to know baseline, may be at increased risk for prolonged 
recovery



Who should be referred to Rehab?

 Symptoms unresolved at 3 weeks AND 1 or more of 
the following
 <18 y/o

 Hx of prior Concussion

 Hx of cognitive or mood disorder

 Dizziness, foggieness or retrograde amnesia on the 
field

 Post-injury Migraine cluster score >15

 Post-injury Cognitive cluster score > 18



That said….

 Most Studies show that 80-90% of concussed 
athletes recover in 7 days (Meehan et al, 2010; Marar et al, 2012; Makdissi et al, 

2010; McCrea et al, 2005; Frommer et al, 2011)

 Cognitive Recovery on testing may be delayed (2-3 
days) after symptoms resolve (McCrea et al, 2005; Lovell et al, 2004)

 Though the significance of this delay in NP testing 
scores in the absence of symptoms is unclear



Possible Long-term Sequelae

 Chronic Traumatic Encephalopathy (CTE)
 Pathological accumulation of Tau Protein in specific areas of the brain. 

(diagnosis made post-mortem)
 Retrospective studies reveal it affects executive dysfunction, memory impairment, 

depression and poor impulse control (Baugh et al, 2012).
 Genetics likely play a role.

 Chronic Neurocognitive impairment (CNI)
 Mixed results from studies (AMSSM)
 Guskievicz et al (2005, 2007) found higher incidence of mild cognitive 

impairment and depression in former NFL athletes w. a hx of concussion, 
compared to those w/o.

 HOWEVER: A MN longitudinal study of HS football players w/ a Median f/u of 
50.2 years showed no increases in incidence of dementia, Parkinson’s disease or 
ALS compared to the general population (Savica et al, 2012).



Prevention



Prevention

 Helmets? Mouthguards? Hx of Sports-related 
Concussion (SRC)

 McGuine, TA,  Brooks, MA et al, AJSM, July 2014

 2,081 HS football players, Grades 9-12
 9% sustained a SRC (1.56 per 1000 exposures)
 No difference in helmet type (Riddell, Schutt, or Xenith)
 Helmet Age or recondition status did not affect the incidence of 

SRC
 Players using custom fitted mouth-guards (vs Generic) had a 

higher rate of SRC (HR 1.69 95% CI 1.2-2.37)
 Previous Concussion had a higher rate of SRC(15.1 % vs 8.2 %; 

HR 1.96 (95% CI 1.4-2.73)



Prevention

 There is NO evidence that protective gear prevents 
concussions (McCrory et all 2009; Meehan et al, 2009; Patel et al, 2010, Halstead et 
al, 2010; Benson et al, 2009)

 BUT: Helmets and mouth guards reduce risk of skull 
and dental fractures, but neither has been 
demonstrated to reduce the incidence of concussions 
(Meehan et al, 2009; Patel et al, 2010; Halstead et al, 2010; Benson et al, 2009).
 Rule changes to eliminate dangerous behaviors in sports 

may have more protective effect
 An estimated 25% of concussions occur during “Illegal play.” 

(AMSSM)



Questions?


