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▪ I will disclose there have been an EXPLOSION of concussion articles over the 

past 5 years…I will not be reviewing all 6,654 articles from pubmed

▪ This will not be comprehensive

▪ Will be research oriented – clinical decisions beware

▪ Should have time for questions
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• Review updates in sports related concussion research

• Review options for sideline/in office work up

• Review sub-symptom threshold exercise and return to learn

Course Objectives
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CONCUSSIONS

• Best thing about COVID…feels like 

concussions have been down over 

the past year

• Minus this one!

• Or was it a concussion at all?
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Not a simple condition

▪ Diagnosis can be hard…..

▪ Direct/Indirect blow to the head 

or neck

▪ Rapid onset of self resolving 

symptoms

▪ Functional not structural 

disturbance

▪ Cannot be explained by drug, 

alcohol, medication or other 

injuries



Concussion

• Any ONE or ALL of these 

symptoms is a concussion

• Any of these symptoms may 

WORSEN with mental or 

physical activity

• May be delayed in presentation



Diagnosis

• Still a clinical diagnosis

–History

–Symptom check list

–Physical Exam

• What are the tools in our tool 

box?
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In office eval

• PCSS/SCAT 5

• VOMS

• KD

• BFCTT

• Pupillometery

• EEG

• Balance

• Neurocognitive testing

– ImPACT

• Lab testing?

– Blood

– Saliva

• Dual Task



SCAT 5/PCSS
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• On field assessment

• Diagnostic utility diminishes after 3-

5 days

• Baseline symptoms score 2-3

• Baseline severity score just over 3-

5

• Hx of Contact Sport, ADHD, 

Anxiety/Depression report more 

symptoms and greater severity
• Echmendia et al.Br J Sports Med, 2017

• Petit et al, SCAT5: Baseline Assessment in NCAA D1. 

Inernational Journal of Exercise Science



VOMS
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▪ Addition of VOMS to the SCAT3 improved assessment and diagnostic rates

▪ Would add 304,000 sports related concussions if used as an assessment tool in 

conjunction with the SCAT3

Ferris et al. NCAA-DoD Concussion 

Assessment, Research and Education 

Consortium Analysis Am J of Sp Medicine 

2021



King Devick

11

▪ Rapid number naming assessment, sensitive to Vestibulo-ocular changes, 

cognitive function including visual motor coordination, language function and 

attention

▪ Test/Retest- reliable between trials, small learning effect but did not alter 

reliability

▪ After SRC decrease in 4.8s from baseline, non-concussed athletes improved 

1.9s

▪ Correctly identifies acute concussion

• Seidman et al. J of Neuro Sciences 2015.

• Galetta et all. Concussion 2015

• Breedlove et al. J of AT 2019



Concussion treadmill testing

• Exercise tolerance testing - bike or treadmill

– Monitoring heart rate

– Symptom score

– Rating of perceived exertion

• Exercise script based off results

– 20 min, 80-90% of HRt, once per day, go to twice per day 

if tolerating

– Can increase HRt by 5-10% each week

– Leddy, et al. Curr Sports Med Rep 2013

– Haider et al. Sports Health. 2019
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Pupillometry and EEG
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• Pupillometry - Master, JAMA Ophthalm, 2020

– 134 healthy controls, 98 with SRC

– Maximum pupil diameter and peak constriction velocity with AUC = 0.78

– Getting better research/easier to use

• qEEG - Bazarian, Jama NewtOpen, 2021

– 207 concussed, 373 controls

– Concussion Index Sensitivity 86%, specificity 70.8%

– AUC=0.89

– Significantly lower on Day 0

– significant increase to RTP (p<00.1)

– Needs more research



Balance Testing
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▪ Balance is an important evaluation tool but which one!?

▪ BESS /mBESS– portions are reliable, total not reliable. Training/learning effect

– A Change in score of 9(inter) 7(intra) before you can say it is balance issues and not 

scoring

• Finnoff, et al. PMR 2009

▪ Sway Balance/phone gyroscope– early test/retest reliability is good. needs 

more research, mostly small studies

▪ Clinical Test of Sensory Interaction on Balance(CTSIB) Sensory Organization test 

(SOT), Wii Balance Board, Rhomburg

– Meta-analysis – no current reliability or validity information



▪ Most widely used neurocognitive test

▪ Baseline compared to post injury

ImPACT testing
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ImPACT
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• Alsalaheen et al. Sports 

Med 2016

– Systematic review (5968 studies,69 met criteria)

– Convergent Validity supported

– Discriminant/predictive 

validity, diagnostic and 

responsiveness was inconclusive

• Abeare et al. JamaNeuro. 2018

– 7897 participants

– baseline rate of failure 6.4-47%

– 55.7 failed at least ¼ indicators



WELCOME TO THE FUTURE!!
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Blood work

Asken, J Neurotrauma, 2020
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• N=110 preinjury; mostly football, W 

soccer, W Lax; 56% F

– 36 SRC – blood within 48 hours, 

(Quanterix)

– GFAP, T-Tau, and NF-L elevated after 

SRC

– GFAP and NF-L distinguish concussed 

from controls, not UCH-L1

– Did not correspond to clinical 

assessments (SCAT 3, KD, ImPACT) or 

length of recovery



▪ N=1947

▪ Point-of-care, handheld

▪ 15 minutes to results for plasma; whole blood in development

– UCH-L1 and GFAP – correlate with intracranial lesions on CT

– Elevated GFAP with positive MRI neg CT in adults

– 97.5 sensitivity, 99.6 specificity

– Previously approved 2018 Banyan Brain Trauma Indicator

Blood work
Papa, JAMA Neurol, 2016; Yue Lancet Neurol, 2019
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▪ Research is coming

▪ Not for primetime in diagnosis of concussion

▪ Point of care may be useful in ruling out head bleed

Blood Work
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Saliva 

Hicks, Int J Mol Sci, 2020
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• Group 1 (male, mean age73)

– N=13 retired professional football

– 18 matched controls

• Group 2(76% male, age 20+/- 5)

– N=56 single concussion, 

N=24 recurrent

– N=230 controls

• Neurocognitive testing did 

not distinguish

• 20 miRNAs distinguish

• 2 correlate with # of concussions



▪ Promising new results with microRNA technology

▪ Not for primetime – lots of work left to do

Saliva
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Dual Task - Howell et al. Med Sci Sports Exerc. 2020 

May
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• N 94 participants

• Evaluated Concussed Participants

– <7 d postinjury, 1.5 months post injury , 
3.5 months postinjury.

– Participants completed a single/dual-task 
gait evaluation and symptom inventory.

• Sex not independently asssociated with single task 
gait velocity recovery

• Male sex WAS independently associated with longer 
dual task gait recovery time

• Dual task abnormalities may persist beyond symptom 
resolution, further investigation is required



▪ Physical and Mental Rest

▪ Exercise

▪ Vestibular therapy - when

▪ Sleep

▪ Mental Health

▪ Return to Learn

▪ Medications

▪ Can we prevent LE injuries

Treatment



▪ Prolonged inactivity in a preciously active patient may lead to:

– Depression

– Anxiety

– Physical Deconditioning

– Mood dysregulation

▪ Recommend 24-72 hours of rest

– DiFazio M, et al, 2016; Clin Peds

Mental and Physical Rest
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▪Aerobic exercise group (n=52) and stretching group 
(n=51)

▪Age 15.3 (+ 1.6); 46.5% female

▪ There were no differences in age, sex, previous 
concussions, time from injury, initial symptom severity 
score, or initial exercise treadmill test and physical 
examination results



▪ Retrain the eyes, ears and brain

▪ Balance, coordination, cognitive function, dual task

▪ Pilot study

– 5-23 years of age with sport related concussion, 23 total patients

– Compared entry into Vestibular therapy at <30 days post injury to >30 days post injury

– Suggests early entry into vestibular therapy recover quicker than late

Vestibular Therapy
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Ahluwalia R, Miller S, Dawoud FM, et al. A Pilot Study 

Evaluating the Timing of Vestibular Therapy After Sport-

Related Concussion: Is Earlier Better? Sports Health. March 

2021



Sleep - Barlow, Pediatrics, 2020
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• RCT - 8-18 yo, PPCS, 92 kids, 4-6 

weeks post injury

– Placebo vs 3 mg melatonin vs 10 

mg

– Goal symptom reduction in PPCS 

using Post Concussion Symptom 

Inventory

– All participant symptoms decreased 

over time - melatonin had no 

significant effect



Sleep – a close look.

Barlow, J Neurotrauma 2020
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▪ Secondary analysis of prior study

▪ 72 participants having sleep 

related problems in the PCSI

▪ Sleep-related problems decreased, 

sleep duration increased with a 

significant effect of melatonin at 3 

and 10 mg compared with placebo

▪ Depressive symptoms significantly 

decreased with melatonin 3 mg, but 

not with melatonin 10 mg compared 

with placebo



▪ 6 wks CBT-I for insomnia 

▪ PPCS in 24 adolescents resulted in improvements in:

– Insomnia ratings

– sleep quality

– better sleep efficiency

– shorter sleep-onset latency

– longer sleep time

– fewer dysfunctional beliefs about sleep compared with those with usual treatment

– Modest reduction in post-concussion symptoms

Sleep - Tomfohr-Madsen, J Head Trauma Rehabil, 2020
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▪ Pre-injury history of mental health prolongs recovery

▪ Diagnosed mental health conditions/mental health treatment prior to 

concussion predicts larger overall symptom burden

▪ Avoidance may result in loss of coping, emotional disturbances, secondary 

distress

▪ Co-existing vestibular changes may trigger anxiety/mood changes

Mental Health – Sandel et al. Sport Exerc Perform Psychol 2018
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▪ 6 wk program, 40 adolescents, >2 weeks post injury

– Individualized low intensity aerobic exercise

– Sport specific drills

– Relaxation techniques

– Comprehensive education and support

▪ Reduction anger anxiety, greater anger reduction in girls

Mental Health - Hunt, Brain Inj , 2020
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▪ Interventions in the first 1-4 weeks should be applied generously and weaned 

away as weeks progress

▪ Cognitive recovery is not linear and symptoms can flare at certain/different 

points in the day and not all day

▪ Low level symptoms are OK to have in the classroom

▪ The supports aren’t intended to be prescriptive. Based on:

– Symptoms of that student

– Time of day and the fatigue level

– Type of class being taught

▪ THERE IS NO SUCH THING AS ‘MEDICAL CLEARANCE’ FOR ACADEMIC 

INTERVENTIONS.

– The classroom is the domain of the teacher, not the doctor.

Return to Learn
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▪ Sleep - Melatonin, TCA’s, Trazadone

▪ Headaches - Amitryptiline, Topamax, beta blockers

▪ Emotional - SRRI’s TCA’s

▪ Cognitive – Methyphenidate, Amantadine

▪ Omega 3 being studied with good effects in animal models

▪ Cannabis – animal models, possible neuroprotective effects

Medications – anything out there that will help?
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Return to play – are athletes still at risk?
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• 110 concussed athletes and 110 matched controls

• Retrospective chart analysis 365 days prior/after 

concussion

• ↑ relative risk of LE injury (w/in 1 year)

HR 1.67 (95% CI 1.11-2.53)



▪ Concussed athletes 2 times greater odds of musculoskeletal injury than non-

concussed

Return to play – are athletes still at risk?
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▪ Early recognition and appropriate referral are important in recovery after sport-

related concussion

▪ Multi-disciplinary treatment approach focusing on mental health, sleep physical 

therapy and exercise

▪ Individuals may be at increased risk of lower extremity injury after a concussion

Conclusion


