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Objectives
1. To provide an overall update from the 6th International 

Consensus Statement on Concussion in Sport.
2. To describe the latest evidence regarding rest, physical 

activity, and exercise following concussion.
3. To describe the latest evidence regarding sleep after 

concussion.
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What is the Result?  
A comprehensive consensus 
statement on concussion in sport

• Standardized tools
– CRT6
– SCAT6, Child SCAT6
– SCOAT6, Child SCOAT6

In depth reviews on:
1. Definition
2. On-field/acute assessment (SCAT)
3. Office assessment (SCOAT)
4. Prevention
5. Rest/exercise
6. Targeted interventions
7. Prognosis
8. Role of biomarkers
9. Clinical recovery- RTS/RTL
10. Late in life risks after concussion
11. Discontinuing participation in 

contact/collision sports



What Has Changed? Definition
Berlin (2016)
• A TBI induced by biomechanical 

forces. Common features include:
– Direct blow to head, face, neck, 

body
– Rapid onset of neurological 

impairment
– Functional disturbance rather than 

structural injury
– Range of clinical signs/symptoms 

Modified (2022)
• A TBI caused by direct blow to head, 

face, neck, or body.
• Initiates metabolic cascade with blood 

flow change and inflammation affecting 
the brain

• Symptoms/signs may be present 
immediately, evolve over hours, and 
commonly resolve in days but may be 
prolonged

• No abnormality on standard neuroimaging
• Large range of symptoms/signs 
• Not specific diagnostic criteria (can find 

those in ACRM criteria) 



Concussion Assessment Tools
Initial goal: develop a 
uniform method to diagnose 
concussion on the sideline
SCAT5: Used in contexts 
outside of this original goal
Need for an office-based 
assessment (SCOAT6)

3rd (2008) 4th (2012) 5th (2016)



What Has Changed? SCAT6

10-word list Dual-task tandem gait



CHCO Evidence in the SCAT6



Concussion Assessment Tools: Children
• Child SCAT3/5: Added a 

Child Version for use in 
children 5-12 years of age

• Child SCAT6: Updated for 
children 8-12 years of age



What Has Changed? Child-specific
• Pediatric populations have less access to medical personnel

– Use the Concussion Recognition Tool for any adult (non-HCP) 
supervising child sport

• Return-to-Learn (RTL) is a priority, and should be prioritized 
over return-to-sport (RTS)

• Child SCAT6
– Different symptom scale than SCAT6
– Parent symptom evaluation
– Dual-task tandem gait: subtract by 3s



What Has Changed? Tools
Sport Concussion Office 
Assessment Tool (SCOAT6)

New tool, designed for 
assessment 7-30 days post-
concussion

Assessment Domains
• Medical history
• Symptoms
• Immediate/delayed memory 
• (10 / 15-word list optional)
• Orthostatic vital signs
• Cervical spine assessment
• Balance (BESS, tandem gait)
• VOMS
• Anxiety and depression screen
• Sleep screen
• Computerized cognitive testing
• Graded aerobic testing



What Has Changed? Biomarkers

Useful research tools, but require validation for use in 
clinical practice 



What Has Changed? Rest/Exercise
Complete rest is not recommended!
• 24-48 hours of rest after concussion, 

followed by physical activity 
• Exercise testing can be done safely 

2-10 days after injury under 
supervision

• Advance duration/intensity if no 
symptom exacerbation
>2 points on 0-10 scale compared to 
rest



What Has Changed? Persisting Symptoms
• Definition of persisting symptoms (PPCS)

>4 weeks for all ages
• Use of standardized symptom scales
• Diagnosis of PPCS depends solely on 

symptom severity (limitation)



What Has Changed? RTS/RTL 
Return to Sport Return to Learn



What Has Changed? Prognosis



What Has Changed? Prognosis
• Most established predictors of prolonged recovery:

– Continuing to play after the injury
– Delayed access to healthcare

• Consider pre-morbid and post-morbid factors that may affect 
recovery (depression, anxiety, migraine)

• Most athletes will return to learn (93%) within 10 days with no 
academic support

• Over the past two decades, athletes have taken longer to become 
symptom free and return to sport



CHCO SMC: Evidence 
36 original data publications cited in 
Amsterdam consensus/review documents 
emanating from Children’s Hospital 
Colorado
• SCAT6 / Child SCAT6
• Discontinuing participation in 

contact/collision sports
• Clinical recovery- RTS/RTL
• Role of biomarkers
• Rest/exercise
• Prevention
• On-field/acute assessment
• Office assessment



Summary
• The SCAT6 should be used within 72 hours of 

injury, SCOAT6 in the following weeks
• Return-to-learn and return-to-sport strategies have 

been updated based on evolving evidence.
• Strong evidence exists regarding the benefits of 

physical activity as an early intervention.
• Limited evidence exists on SRC in patients aged 

5–12 years.
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Exercise/Physical Activity: Not Harmful

Patricios et al., BJSM, 2023



Exercise Can Help Accelerate Recovery (Group-Level)

Leddy et al., 2021, Lancet Child Adoles Health

Multi-site study: early treatment with individualized targeted heart rate, subsymptom threshold 
aerobic exercise accelerated recovery and reduced the risk of persistent post-concussive symptoms



What do we do with this information?

Exercise/Activity Recommendations 

Concussion Recovery 
Physical Activity/Exercise Recommendation

What type?
How much?

When to stop?
What to tell patients?

Is it working?
When to adjust?

How to ensure adherence?
Howell et al., Med Sci Sport Exer 2019



Adolescents and Adherence

Patients take a similar amount of rest regardless of 
what their treating ED physician prescribes Patients randomized to an individualized exercise 

recommendation (100 min/week) exercised at a similar 
volume as those not provided a recommendation. 

Root et al., Clin Peds, 2019 Howell et al., Am J Sports Med, 2021

Rest Exercise 



Exercise Volume

RCT: No symptom or recovery differences among 
those prescribed 30 min daily light exercise vs. 

gradual return to exercise after symptom resolution

Varner et al., Acad Emer Med, 2020

Symptom resolution after 4 weeks of study: optimal cut point = 

160 min/week aerobic exercise

Classification accuracy = 81%
Sensitivity: 90% 
Specificity: 78%

Howell et al., Am J Sports Med, 2021



Early Intervention in High-Risk Patients
Can early aerobic exercise reduce PPCS risk 
for those who present at moderate-high risk?

(5P Risk Score ≥6)

86% (6/7) – SOC  PPCS
44% (4/9) – Exercise Rx  PPCS
Relative risk = 0.52 (0.34 – 1.36)
Number needed to treat = 2.4

Howell et al., PT in Sport, 2022
Intervention led to behavioral change



Moderate-to-Vigorous Physical Activity (MVPA)
An easily understood patient target?

Global health: ~30 mins 
MVPA/day
Applied to concussion recovery:
• >30 minutes/day of MVPA/day = 

faster symptom recovery
• More MVPA/Day  Less Anxiety

Rademacher et al, J Sport Rehab, 2023
Smulligan et al, In Review



Not All Physical Activity is Equal

Wingerson et al, In Review

Replacing 10-min/day of sedentary behavior with 10-min/day of MVPA
was associated with a 6.5 day decrease in symptom resolution time and 5.1 

day decrease in RTP time (N=41)



Barriers to Physical Activity
• Initial dizziness ratings 

predicted physical activity 
in the subsequent 2 weeks 
after initial evaluation

• Patients may self-limit PA 
due to specific symptoms

• Treating dizziness may 
allow patient to exercise 
more

Smulligan et al., Med Sci Sport Exer, 2022



Fatigue and Mobility Limit MVPA

After adjusting for sex, time, adherence, and symptom severity, more severe fatigue 
and worse mobility predicted less MVPA time/day over the following two weeks

Hemmerle et al., In development



Clinical Takeaways
• Understand patient adherence and potential barriers 

or motivations to exercise
– What are patients doing in real life?

• Early physical activity and exercise goals should 
consider:
– Patient preference (adherence/motivation)
– Feasibility
– Stage of injury
– Clinical goals
– Balancing frequency/intensity
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Sleep Influences Quality of Life

Among adolescent athletes (uninjured), poor sleep quality was associated with worse 
mobility, anxiety, depressive symptoms, fatigue, and pain interference.

Potter et al., Clin Peds, 2019



Post-Concussion Sleep Problems

Self-reported sleep problems after concussion are associated with higher symptom severity, worse postural 
stability, and longer symptom duration.

Howell et al., CJSM, 2020
Magliato et al., J Child Neurol, 2023



Poor Sleep Quality After Concussion
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Adolescents with concussion (N=147) reported worse sleep quality than uninjured controls (N=129). 
PSQI ratings adjusted for age, sex, concussion and anxiety/depression history were diagnostically useful.

A clinical cutoff of 4 was most appropriate in this sample (not 5, as previously used).
Donahue et al. In development



Insomnia as a Prognostic Measure

Less time in bed awake at 
night associated with 
significantly faster symptom 
resolution time

Hazard Ratio= 0.35 [0.12, 0.99]

Neely et al., PMR, 2023



Physical Activity and Insomnia

When modeled together, only greater exercise frequency was independently associated 
with faster concussion symptom resolution time.

(Hazard ratio = 1.31, 95% confidence interval [CI] = 1.08, 1.59, p = 0.006)
Neely et al., PMR, 2023



MVPA and Sleep After Concussion

Those who reported exercising + sleeping well 
after concussion recovered faster compared to 

those exhibiting one or neither behavior. 
Hazard ratios (relative to good sleep + exercise)=

Good Sleep + No Exercise = 1.76 (1.27-2.44) 
Poor Sleep + Exercise = 2.02 (1.42-2.88)

Poor Sleep + No Exercise = 3.89 (1.81-8.33)

Cross-lagged panel model describing cross-lagged effects 
(dashed arrows) and auto-regressive effects (solid arrows)

More insomnia (time in bed awake) during 
Days 1-7 predicted less subsequent MVPA time

Wingerson et al, In Review

Good Sleep + Exercise
Good Sleep + No Exercise
Poor Sleep + Exercise
Poor Sleep + No Exercise



Exercise Volume and Sleep Quality

Howell et al, JHTR, 2023

Exercising at a volume that exceeds 150 min/week after concussion was associated 
with significant sleep quality improvements across time, with a large effect size



Take Home: Sleep After Concussion
• Sleep quality is associated with various domains of quality of 

life
• Sleep disruptions can lead to worse/prolonged symptoms and/or 

functional disturbances
• Sleep and exercise have a unique but likely complementary role 

in concussion recovery 
• Specific recommendations for sleep health after concussion are 

vague and undefined (encourage healthy lifestyle habits)



Overall Summary
The latest evidence and management recommendations are 
summarized in the Amsterdam Consensus documents.

Many limitations in our understanding still exist.

Aerobic exercise volume/intensity should be individualized to 
treatment goals.

Adherence likely plays a key role in treatment response.

Sleep problems after concussion are common, influence 
other domains, and interact with physical activity/exercise.

Sleep health should be a priority in acute concussion management.
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