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Learning Objectives

• Identify new classifications of concussions

• Analyze the field of play to better predict athletes “at risk”

• Recognize signs and symptoms most predictive of 
outcome 

• Evaluate sensitivity and specificity of various on the field 
assessment tools

• Analyze the evidence supporting rehab (early exercise) in 
the concussed athlete

• Understand which patients to refer for Balk-C versus 
progressive Return to Play protocol



Overview

• New Concussion Subsets

• Video Analysis

• On Field Assessment
– PCS

– SAC 

– SCAT 5

– King-Devick

– Balance

– VOMS

• Predicting Outcome

• Exercise as Treatment



Newer Classifications:

mTBI Signs and Symptoms

• Symptoms
– Somatic (HA, nausea, dizziness, fatigue, sensitivity to light and noise) 

– Cognitive (feeling slowed down, feeling mentally “foggy”) 

– Emotional (sadness, nervousness, feeling more emotional)

• Physical Signs (vomiting, balance problems, LOC, amnesia) 

• Behavioral Changes (irritability, personality changes) 

• Cognitive Impairment (slowed reaction time)

• Sleep Disturbances (change in sleep patterns, trouble falling asleep)

• Neuro-ophthalmological abnormalities:

– Saccades (29%) 

– Convergence (49%)

– Accommodation (51%)

– Vestibular-ocular / Vestibular-spinal

Zurich Consensus statement. Clin J Sport Med .Volume 23, Number 2, March 2013



Post Concussive Disorder (>3 months) 
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·Which field are we at?

·Which team are we playing today?

·Who is your opponent at present?

·Which quarter is it?

·How far into the quarter is it?

·Which side scored the last goal?

·Which team did we play last week?

·Did we win last week?

Sideline Testing



Diagnostic Tools:
How Good Are They?

Summary of evidence-based guideline update: Evaluation and management of concussion in

sports. Neurology 2013; Published Ahead of Print on March 18, 2013 as 10.1212/WNL.0b013e31828d57dd 

• SCAT III (1 Class II study) 

– > 3.5 decrease from baseline is 96% sensitive and 81% specific

– value < 74.5 associated with 83% sensitivity and 91% specificity 

• PCS (Multiple Class III studies)

– sensitivity 91-100%

– specificity 64-89%

• SAC score (Multiple Class III studies)

– sensitivity 80-94%

– specificity 76-91%

• Neuropsychological test (1 Class II, multiple Class III studies)

– sensitivity 71-88%

• Deficits in BESS (Multiple Class III studies)

– sensitivity 34-64%

– specificity 91%
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On Field predictors of protracted 

recovery

Lau et al, Which On-field Signs/Symptoms Predict Protracted Recovery From Sport-
Related Concussion Among High School Football Players? AJSM . June 28, 2011



Recovery Prediction

• Strongest and most consistent predictor of slower recovery from SRC 
is the severity of a person’s initial symptoms in the first day, or initial 
few days, after injury (PCS severity score)

• Young adults with a pre-injury history of mental health problems or 
migraine headaches appear to be at somewhat greater risk of having 
symptoms for more than 1 month

• Physical activity within 7 days of injury compared with no physical 
activity was significantly associated with reduced risk (24.6% vs. 
43.5%) of symptoms at 28 days (Grool et al. JAMA 2017 ) 

• Degree of early exercise tolerance is a strong predictor of recovery 
(p=0.0032): lower tolerance = longer recovery (Leddy et al. CJSM
2018)

Makdissi M, Schneider K, Feddermann-Demont N, et al. Approach to investigation and treatment of 
persistent symptoms following sport-related concussion: a systematic review. Br J Sports Med. 
2017;0:1–12. doi:10.1136/bjsports-2016-097470
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Unpublished data: John Leddy, MD



Clinical Subtypes
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Rehabilitation of Concussion and PCS

• NO scientific evidence that prolonged rest is beneficial

• NO scientific evidence that medications speeds recovery

– SSRI’s, TCA’s may help with depression and insomnia

– Aricept, lecithin, CDP-choline may alleviate cognitive deficits ?

• Limited evidence that psychological interventions are beneficial

– (J Neurol Neurosurg Psych 2010;81(10):87-93)

• Vestibular rehab has been shown to decrease vertigo and dizziness

– (J Neurol Phys Ther. 2010;34(2):87-93)

• Neurocognitive rehab improves attention

– (Arch Phys Med Rehabil 2005;86(8):1565-1574)

Leddy et al. Sports Health 2012 4(2):147-154



Exercise as Concussion Rehab ?
• Aerobic exercise 14 - 21 days after concussion upregulates 

neurotrophins in association with improved cognitive performance 
(Neuroscience. 2004;125(1):129-139) 

• BEST available evidence suggests that complete rest exceeding 3 days 
is probably not helpful (Journal of Head Trauma Rehab: 2013, 28(4): 250–259) 

• Brief period of rest during the acute phase (24–48 hours) after injury, 
followed by gradual/progressive activity while staying below their 
cognitive and physical symptom-exacerbation thresholds (ie, activity 
level should not bring on or worsen their symptoms). (Consensus 
statement on concussion in sport—the 5th  International conference on 
concussion in sport. McCrory P, et al. Br J Sports Med 2017;51:838–847. 
doi:10.1136/bjsports-2017-097699 ) 



Autonomic Nervous System Dysfunction

• Ventilation is inappropriately low for the level of 
exercise intensity

• Raising arterial carbon dioxide (PaCO2) levels

• Elevated PaCO2 increases cerebral blood flow 
(CBF) out of proportion to exercise intensity

• Increased CBF is associated with symptoms 
(headache & dizziness) that limit exercise 
performance

• Sub-threshold aerobic exercise treatment 
increased CO2 sensitivity to normal, which 
normalized PaCO2, exercise ventilation, CBF, and 
exercise tolerance



Benefit or No Harm of Moderate Physical Activity 
or Controlled Exercise for Concussion

Physical Activity

• Majerskeet al. (2008)-Retrospective
• Brown et al. (2014)-Retrospective.
• Thomas et al. (2015)-RCT
• Buckley et al. (2015)-Prospective cohort
• Silverberg et al. (2016)- analysis of RCT
• Groolet al. (2016)-Prospective multicenter 

cohort
• Howell et al. (2016)-Prospective cohort
• Taubmanet al. (2016)-Prospective cohort
• Sufrinkoet al. (2017)- analysis of RCT

Aerobic Exercise

• Gagnon et al. (2009)-Prospective case series
• Leddy et al. (2010)-Prospective case series
• Baker et al. (2012)- Retrospective
• Leddy et al. (2013)-Quasi experimental
• Clausen et al (2015)-Prospective cohort
• Maerlender et al. (2015)- RCT in acute SRC
• Dematteo et al. (2015)-Prospective X-sectional
• Cordingley et al. (2016)-Retrospective
• Gagnon et al. (2016)-Prospective case series
• *Kurowski et al. (2017)- RCT in PPCS.
• Chrisman et al. (2017)-Retrospective
• *Leddy et al (2017)- RCT of assessment
exercise tolerance in first week after SRC.
• Chan et al (2018)-RCT in PPCS.





Effect of Exercise on SCAT and ImPACT

Lal et al. AJSM 2018;46(3):743-752
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-Curcumin
-Resveratrol
-Creatine
-Memantine

-S100B
-Tau
-NF-L



Future Research

• functional MRI (fMRI)

• diffusion tensor imaging (DTI)

• magnetic resonance spectroscopy 
(MRS)

• cerebral blood flow (CBF)

• electrophysiology / QEEG

• heart rate

• measure of exercise performance

• fluid biomarkers

• transcranial magnetic stimulation 
(TMS)



Biomechanical studies vs 
On Field Performance



Thank You


