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Type of sport  type of risk 

High risk Moderate risk Low risk

American Football Cheerleading Baseball

Ice Hockey Volleyball Softball

Soccer (F) Soccer (M) Gymnastic

Rugby Cycling Trampoline

Boxing Basketball (M) Swimming

Basketball (F) Alpine Skiing Equestrian sports

Lacrosse Handball (M) Golf

Wrestling Skating Athletics

Handball (F) Diving Badminton

Judo Waterpolo Biathlon/duathlon

Combat sports Running

Kick-boxing Cricket

MMA CrossFit

Ringette Dance

…

Van Pelt et al., Sports Medicine 2021; Clay et al., Journal of chiropratic medicine 2013
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Sport-related concussion vs. head impact exposure ?

High risk sports = contacts/impacts ++

High risk of concussive (= diagnosed concussion) or subconcussive (= altered brain 

functioning without visible clinical signs) impacts

Affects short-term and long-term brain health (e.g., motor control and memory performance)

→ Monitoring head impact exposure (HIE)
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Sport-related concussion: head impact exposure 

Monitoring head impact exposure – accelerometry 

Skin patch

Instrumented helmets

Instrumented mouthguards
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Head impact exposure: acute effects

Example of altered brain functioning without clinically diagnosed concussion (= subconcussive impacts) :

 head impact exposure (HIE) vs. brain excitability (intracortical inhibition M1)

https://doi.org/10.3171/2023.11.JNS231933

https://doi.org/10.3171/2023.11.JNS231933
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Head impact exposure: acute effects – transcranial magnetic 
stimulation (TMS)

Example of altered brain functioning without clinically diagnosed concussion (= subconcussive impacts) :

 head impact exposure (HIE) vs. brain excitability (intracortical inhibition M1)

Male athletes
Varsity football
McGill & UdeM

2021-2022 seasons
Random assignment
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Head impact exposure & TMS

Results: intracortical inhibition (TMS)



2x2 mixed 
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Time * Group
F (1, 44) = 5.19
p = 0.028
η² = 0.106

Head impact exposure & TMS

Results: intracortical inhibition (TMS)

Changes observed over one game (acute)

Impacts over a season? – under investigation

Potential impacts over a whole career?



• About 40% of former players report significant 
difficulties with cognition & mental health

• > 1/3 of former NFL players report being 
‘extremely concerned’ about cognition & CTE 

• High quality case-control & cohort studies 
needed

• Modifiable factors associated with such 
impairments (depression, pain, sleep apnoea)

National Football League (NFL) players survey 

BUT

Plessow et al., J Neurotrauma 2020; Walton et al., Sports Med 2022; Roberts et al., J Neurotrauma 2021
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Head impact exposure: chronic effects
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Head impact exposure: chronic effects

Brain health (cognitive impairment, mental health, neurological diseases…) in former athletes 

having sustained concussion and/or repetitive head impacts during youth sports? 

1) What are the possible long-term effects of single and multiple sport-related concussions?

2) What are the possible long-term effects of exposure to contact sports and/or repetitive 

head impacts? 

1 low-medium RoB

27 high RoB
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Head impact exposure: chronic effects

Brain health (cognitive impairment, mental health, neurological diseases…) in former athletes 

having sustained concussion and/or repetitive head impacts during youth sports? 

Results

Amateur athletes (10 studies, American football ++) → no significant long-term effect following 

sports participation 

One exception: Decreased risk for depression (high school football)   

Professional athletes (18 studies, American football, soccer) → 13 with greater risk for 

developing depression, physical dysfunctioning, neurodegenerative disease (e.g., ALS, AD, 

PD) or all-cause mortality
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Head impact exposure: chronic effects

Depression ALS

All-cause 

mortality
Neuro-

degenerative  

mortality

9 studies on former professional American football players
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Head impact exposure: chronic effects

8 studies on former professional European soccer players

ALS

Neuro-

degenerative  

mortality
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The problem

Results can seem unequivocal at first glance but

No control for confounding variables: 

- Substance abuse (drugs, alcohol, smoking)

- Socioeconomic status

- Genetic factors

- Lifestyle 

- Medical comorbidities 

➔ Most of the retrieved studies are hypothesis generating but do not allow causal conclusions
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Chronic traumatic encephalopathy (CTE)

Chronic traumatic encephalopathy (CTE) = neuropathological entity (p-tau aggregates in 

neurons) → postmortem (not included in SR)

Highly prevalent (with high variability) if former professional American football athletes

No clinical phenotype determined 

Consensus-based clinical criteria (2021) for traumatic encephalopathy syndrome (TES):

- History of substantial exposure to repetitive head impacts

- Cognitive impairment

- Behavioural dysregulation

- Progressive course 

 

Criteria remain to be validated

Katz et al., Neurology 2021
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Controversies arising from preliminary studies 

Cross-sectional studies, case series, narrative reviews…
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Controversies arising from preliminary studies 

Cross-sectional studies, case series, narrative reviews…

 

- Hypotheses for future cohort and case-control studies

- No causation  

- Drew lot of attention and visibility (including press)

- Mixed messages for the general public

 

➔ Urgent need for well-designed case-control and cohort studies 
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To conclude

Crude associations between history of professional contact and collision sports and some 

neurological disorders

These associations need to be confirmed in more rigorous study designs

Youth sports: let’s be conservative & act on prevention + education

Adult amateur/leisure sports: you’re probably fine 



Thank you for your attention!
geraldine.martens@uliege.be
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