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Explain the effect of continued participation immediately after 
concussion on athlete recovery

Identify the role of active recovery in concussion management

Recognize factors which influence return to sport decisions

Counsel athletes on the risk of musculoskeletal injury following 
return to play after concussion

Synthesize the evidence for concussion prevention strategies

Learning Objectives
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Concussion Recognition

Epidemiology
• Concussions are common injuries in children and adolescents

• Latest estimates (2013)

• 1.1-1.9 million annually (18 yrs and younger)

Bryan MA, Pediatrics 2016.
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Definition – Berlin 2016
• Sport related concussion is a traumatic brain injury induced by biomechanical 

forces.

• Caused by direct blow to the head, face, neck or body with an impulsive force 
transmitted to the head.

• Results in the rapid onset of short-lived impairment of neurological function that 
resolves spontaneously. In some cases, signs and symptoms evolve over a 
number of minutes to hours.

• May or may not involve loss of consciousness. 

• Signs and symptoms cannot be explained by drug, alcohol, or medication 
use, other injuries or other comorbidities.

5

Prompt recognition and appropriate initial 
management are key to facilitating recovery
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The PLAYED group took longer to recover than 
the REMOVED group (44 vs 22 days; P = .003) 
and were 8.8x more likely to demonstrate 
protracted recovery (≥ 21 days).

Continuing to play post-concussion was independently 
associated with higher symptom severity during the 
initial clinical evaluation. 

Delayed removal from activity (RFA) athletes were 
2.2x more likely to have prolonged recovery (≥8 
days) compared with immediate RFA athletes.

Active Recovery After 
Concussion

(de-emphasizing rest)
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“…children should not be returned to playing or training until clinically completely symptom 
free”
”…the concept of “cognitive rest” … to limit exertion with activities of daily living and to limit 
scholastic activities while symptomatic”
“The cornerstone of management is rest until all symptoms resolve and then a 
graded program of exertion before return to sport.”

• Zurich 2008 – reinforced use of physical and cognitive rest until symptoms resolve
• Zurich 2012 – discussed need for research to optimal amount and type of rest needed 

• “…a sensible approach involves the gradual return to school and social activities in 
a manner that does not result in a significant exacerbation of symptoms”

Benefits of Strict Rest After Acute Concussion: A 
Randomized Controlled Trial 

Danny Thomas, MD, et al. Pediatrics 2015

99 subjects

5 days of 
strict rest

 School 
attendance


Symptoms

 Duration 
of SymptomsUsual care

CONCLUSION:
• Recommending strict rest for adolescents immediately after 
concussion offered no added benefit over usual care.
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• Insufficient evidence to suggest complete rest 
improves outcomes

• After brief rest, add progressively more activity 
while staying below symptom-exacerbation 
threshold

• Activity level should not bring on or worsen symptoms

RTP Protocol (Zurich 2008)
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RTP Protocol (Berlin 2016)

Active Recovery After 
Concussion

(When is it safe to resume 
exercise?)



7/22/2019

8

Leddy Sports Health 2012.

Neurometabolic Dysfunction Post-Concussion

Physiologic Dysfunction Post-Concussion
• Dysfunction in autoregulation and cerebral 

blood flow (CBF)
• Persists up to 1 month post-injury in 

children and adolescents (Maugans Peds 2012)

• Autonomic dysfunction
• Increased SNS activity and resting HR 

relative to controls (Leddy CJSM 2010)

• Exercise intolerance is present in patients 
with PPCS (Kozlowski JAT 2013). 

• Aerobic exercise training  PNS activity, 
CBF
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Rationale for Exercise Post-Concussion

• Animal data – uncontrolled or forced early exercise is detrimental to recovery 
(Griesbach J Neurotrauma 2012, 2014)

• Aerobically trained animals with early access to exercise showed improved 
outcomes compared to no exercise/peer isolation (Mychasiuk Eur J Neurosci 2016)

• Athletes struggle with activity restriction post-concussion
• Prolonged rest  fatigue, reactive depression, physical deconditioning (Leddy CJSM 2010; 

Gagnon Brain Inj 2009)

Buffalo Concussion Treadmill Testing
• 3.6 mph and 0% incline 

• Incline increases 1% every minute

• Rating of perceived exertion (RPE) and symptoms (VAS) 
assessed every 1 minute

• HR (±BP) assessed every 2 minutes

• Stop test if…

• 3 point exacerbation of symptoms 

• At exhaustion (RPE 19-20)

• If patient can exercise to exhaustion without 
reproduction/exacerbation of HA or other symptoms:

• Symptoms not likely from concussion 
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Alternate Symptom Etiologies 

Leddy CSMR 2013

Cervicogenic

Vestibular/Ocular

Affective

Migraine

Physiologic

• Improved exercise tolerance may indicate clinically relevant recovery

• Compare HR at symptom exacerbation with age-predicted HRmax

• Progressive sub-symptom threshold exercise training 

• Safe, reliable and effective in reducing symptoms in adults and children

Exercise Progression

Leddy CJSM 2010; Kozlowski JAT 2013; Leddy CSMR 2013; Leddy
CJSM 2011; Leddy J Head Trauma Rehab 2013.
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Lal et al., Am J Sports Med, 2017

Return to Sport 

Considerations
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When to Recommend Retirement?
Direct empirical data lacking so clinical judgment and individualized cost-benefit 
analysis important

Kirkwood, Randolph, McCrea, Kelly, & Yeates (2012). 

Slide courtesy of Mike Kirkwood, PhD

Eisenberg Peds 2013.
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Marar AJSM 2012.

Concussion Rates 
by HS Sport

Concussion – Repeat Injury
• McCrea, JAMA, 2003

– Greatest risk of repeat concussion within 7-10 days of first 
concussion

• Introduced gradual RTP protocol
• McCrea, Br J Sports Med, 2019

– RTP time ~16 days
– Same season repeat concussion = 41% lower than 2003

• Practice improvement  reduced risk of repeat concussion 
• However…

Slide courtesy of David 
Howell, PhD, ATC
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Risk of Re-Injury
• 16 studies in the past 5 years have shown an association 

between concussion and increased risk of subsequent 
musculoskeletal injury

Slide courtesy of David 
Howell, PhD, ATC

McPherson et al., 2018, Am J Sport Med

Slide courtesy of David 
Howell, PhD, ATC

Females represent only 12.4% (4,505/36,233) of subjects who have been included. 
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Concussion Prevention 
Strategies

“While it is impossible to 
eliminate all concussion 

in sport, concussion 
prevention strategies can 
reduce the number and 

severity of concussions in 
many sports.” 

Emery CA, et al. BJSM 2017.
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Do Helmets Protect Against Concussions?

• Helmets DO decrease risk of skull 
fractures and brain bleeds

• Helmet type is not consistently shown to 
decrease concussion rates but more high 
quality studies are needed 

• Helmet add-ons void NOCSAE certification

• May increase frictional or rotational 
forces at impact, which could cause 
other injuries

Does Headgear Prevent Concussions?
• Headgear reduces peak force at 

head impact (Broglio et al, 2003) 

• Cluster randomized trial (McGuine
et al, 2019) showed no difference in 
concussion rates in adolescent 
soccer players who did and did not 
wear headgear
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What About Mouthguards?
• Mouthguards DO decrease rate and severity of oral/dental trauma

• Data on concussions is mixed –

• Mouthguard type (“boil and bite” vs custom) does not affect rates of 
concussion where mouthguard use is required

• Mouthguard use in sports where mouthguards are optional may reduce 
concussion rates

Amazon.com

Rule Changes

• Kickoffs in football

• Limiting contact practice in football

• Checking in youth hockey

• Fair play/penalty rules in hockey

Thehockeynews.com

Commons.wikimedia.org
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Emerging Areas of Prevention Focus 
• Neck strengthening 

• For every 1 lb ↑ in neck strength, 
concussion risk ↓ 5% (Collins et al, 
2014)

• Has not been validated 
prospectively

• Q collar 

• Vision enhancement training 

• Player safety coaches, tackling 
technique

• Time out for concussion evaluation 
or temporary player substitution

Thank you!

julie.wilson@childrenscolorado.org

www.childrenscolorado.org/concussions
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