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What is a concussion ? 

Multiple definitions with some overlap (CDC, WHO, CISG, ACRM …)

Common concepts:

- Traumatic event – type of traumatic brain injury (TBI)

- GCS score 13-15 (mild)

- Negative CT scan

Disagreements:

- Loss of consciousness + duration (<15/30/60 min)

- Post-traumatic amnesia + duration (5 min – 24h) 

- Clinical symptoms



Sports-related concussion definition

Concussion in Sport Group (CISG)

International Sports Federations

Systematic reviews of the literature

Evidence- and expert-based recommendations



Sports-related concussion definition

Concussion in Sport Group (CISG) – 2023 

Sport-related concussion is a traumatic brain injury caused by a direct blow to the head, neck or
body resulting in an impulsive force being transmitted to the brain that occurs in sports and
exercise-related activities. This initiates a neurotransmitter and metabolic cascade, with possible
axonal injury, blood flow change and inflammation affecting the brain. Symptoms and signs may
present immediately, or evolve over minutes or hours, and commonly resolve within days, but
may be prolonged. No abnormality is seen on standard structural neuroimaging studies
(computed tomography or magnetic resonance imaging T1- and T2-weighted images), but in the
research setting, abnormalities may be present on functional, blood flow or metabolic imaging
studies. Sport-related concussion results in a range of clinical symptoms and signs that may or
may not involve loss of consciousness. The clinical symptoms and signs of concussion cannot
be explained solely by (but may occur concomitantly with) drug, alcohol, or medication use,
other injuries (such as cervical injuries, peripheral vestibular dysfunction) or other comorbidities
(such as psychological factors or coexisting medical conditions).

Patricios et al, BJSM, 2023



Sports-related concussion definition

Concussion in Sport Group (CISG) – 2023 

Sport-related concussion is a traumatic brain injury caused by a direct blow to the head,
neck or body resulting in an impulsive force being transmitted to the brain that occurs in sports
and exercise-related activities. This initiates a neurotransmitter and metabolic cascade, with
possible axonal injury, blood flow change and inflammation affecting the brain. Symptoms and
signs may present immediately, or evolve over minutes or hours, and commonly resolve
within days, but may be prolonged. No abnormality is seen on standard structural
neuroimaging studies (computed tomography or magnetic resonance imaging T1- and T2-
weighted images), but in the research setting, abnormalities may be present on functional, blood
flow or metabolic imaging studies. Sport-related concussion results in a range of clinical
symptoms and signs that may or may not involve loss of consciousness. The clinical symptoms
and signs of concussion cannot be explained solely by (but may occur concomitantly with) drug,
alcohol, or medication use, other injuries (such as cervical injuries, peripheral vestibular
dysfunction) or other comorbidities (such as psychological factors or coexisting medical
conditions).



Sports-related concussion definition

Symptoms and signs of a concussion

• actual or suspected loss of 

consciousness

• seizure 

• tonic posturing 

• ataxia 

• poor balance,

• confusion 

• behavioural changes  

• amnesia
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Physiopathology

Primarily based on neurometabolic cascade of events that involves bioenergetic challenges, 

cytoskeletal and axonal alterations, impairments in neurotransmission, vulnerability to delayed 

cell death and chronic dysfunction

1) Acute phase

Biomechanical injury→ ionic flux alterations & indiscriminate glutamate (excitatory

neurotransmitter) release 

→Need to restore homeostatis→ overactivation of ionic pumps (ATP)

→Depletion of intracellular energy reserves (hyperglycolysis)

→Mismatch between energy supply and demand (metabolic uncoupling) = energy crisis

Giza & Hovda, Neurosurgery, 2014
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Physiopathology

Giza & Hovda, Neurosurgery, 2014
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Concussion is a

_________________

No single tool validated

for diagnosis

1. Observation of the injury 
mechanism: 

➢Traumatic

2. Symptoms

3. Physical signs

4. Cognitive impairment

Diagnosis



Diagnosis: the new generation of SRC tools (2023)

Freely available: https://www.concussioninsportgroup.com/scat-tools/

https://www.concussioninsportgroup.com/scat-tools/


Sport Concussion Assessment Tool (SCAT) 6

Immediate on-field assessment

Red flags

Consciousness

Cervical, oculomotor, memory

➔ Screening for more severe lesions

Off-field assessment

Background

Symptoms

Cognitive assessment

Coordination & balance

➔ Concussion identification & acute follow-up

Echemendia et al, 2023, Martens et al 2025, British Journal of Sports Medicine

•Standardized, designed for healthcare professionals 

•Acute phase (within 3 days – max 7 days post injury)

•Minimum 10-15 minutes



Second impact syndrome

DR A M A T IC C O N S E Q U E N C E O F

RETURNING AN ATHLETE TO PLAY WHO

HAD A CONCUSSION AND IT STILL

SYMPTOMATIC



Second impact syndrome

DR A M A T IC C O N S E Q U E N C E O F

RETURNING AN ATHLETE TO PLAY WHO

HAD A CONCUSSION AND IT STILL

SYMPTOMATIC
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Management 

Acute phase (24-48h)

o Relative rest

o Primarily cognitive rest (avoid screens)

o Brain under stress (neurometabolic cascade) → any stimulation/treatment 

requires more energy (= fatigue)

Complete & prolonged rest (“cocooning”) ➔ deleterious
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Management 

Acute phase (24-48h)

o Relative rest

o Primarily cognitive rest (avoid screens)

o Brain under stress (neurometabolic cascade) → any stimulation/treatment 

requires more energy (= fatigue)

Controlled resumption of physical activity ➔ beneficial
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Management : return to play (RTP) protocols
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Management : return to learn (RTL) / play (RTP) protocols
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Adopted by international sports federations



Physiological effects of sports-
related concussions

An observational study

03
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Sport-related concussion: head impact exposure

Context: American/Canadian football = contact sport++

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 – 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



n = 11,6 impacts / player

F = 18,9 g / impact 

F tot = 234 g / player

10g+

Sport-related concussion: head impact exposure & TMS

Results: impacts 



Sport-related concussion: head impact exposure & TMS

Results: impacts categories

Impact 

category

N 

players

N 

impacts

10 – 24 g 29 9

25 – 39 g 25 2

40 – 59 g 14 1

≥ 60 g 5 1
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Head impact exposure & TMS

Results: intracortical inhibition (TMS)



2x2 mixed 

ANOVA

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?
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Head impact exposure: acute effects

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

https://doi.org/10.3171/2023.11.JNS231933
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Head impact exposure: acute autonomic effects – heart rate dynamics

https://doi.org/10.1016/j.jsams.2026.05.001

https://doi.org/10.1016/j.jsams.2026.05.001


Conclusions

• SRC remains a functional (>< structural) TBI and relies on a clinical diagnosis

• The neurometabolic cascade + energy crisis explain why the brain is more 

vulnerable to insult during the acute phase ➔ the biological rationale for 

management

• Brief relative rest (24–48h, mainly cognitive) followed by controlled, graded return 

to activity (>< cocooning) gives the best recovery

• Standardized RTP protocols and tools are now widely adopted by international 

federations, but premature return to play carries a real risk

• Subconcussive impacts alter brain excitability (TMS) and autonomic function 

(HR) even without a clinically diagnosed concussion ➔ impacts don't need to 

produce symptoms to have physiological effects

• These acute changes are measurable after a single game



Conclusions

• SRC remains a functional (>< structural) TBI and relies on a clinical diagnosis

• The neurometabolic cascade + energy crisis explain why the brain is more 

vulnerable to further insult during the acute phase ➔ the biological rationale for 

management.

• Brief relative rest (24–48h, mainly cognitive) followed by controlled, graded return 

to activity (>< cocooning) gives the best recovery.

• Standardized RTP protocols and tools are now widely adopted by international 

federations, but premature return to play carries a real risk

• Subconcussive impacts alter brain excitability (TMS) and autonomic function 

(HR) even without a clinically diagnosed concussion ➔ impacts don't need to 

produce symptoms to have physiological effects

• These acute changes are measurable after a single game

Concussion management has moved from "rest and 

wait" to evidence-based, active, graded protocols – but 

our understanding of the cumulative and subclinical

burden of head impacts is still emerging, which is where 

current research is headed



@SportS2CHU

Thank you for your attention

geraldine.martens@uliege.be


