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a Definition & physiopathology 4




m 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



m  Sports-related concussion definition C I S v

CONCUSSION IN SPORT GROUP
EST, 2002

Concussion in Sport Group (CISG)
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m.  Sports-related concussion definition C | S ﬁ:

CONCUSSION IN SPORT GROUP
EST. 2002

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



m.  Sports-related concussion definition C I S ﬁ:

CONCUSSION IN SPORT GROUP
EST. 2002

Concussion in Sport Group (CISG) — 2023

traumatic brain injury direct blow to the head,
neck or body

Symptoms and
signs may present immediately, or evolve over minutes or hours, and commonly resolve
within days, but may be prolonged




m. Sports-related concussion definition

Symptoms and signs of a concussion

Headaches

Pressure in head
Neck pain

Nausea or vomiting
Dizziness

Blurred vision
Balance problems
Sensitivity to light
Sensitivity to noise
Feeling slowed down

Feeling like “in a fog”

“Don’t feel right”
Difficulty concentrating
Difficulty remembering
Fatigue or low energy
Confusion

Drowsiness

More emotional
Irritability

Sadness

Nervous or anxious

Trouble falling asleep (if applicable)

CISG W

CONCUSSION IN SPORT GROUP

Observable Signs

actual or suspected loss of
CONSCIoOUSNESS

seizure

tonic posturing

ataxia

poor balance,

confusion

behavioural changes
amnesia



m. Physiopathology i:

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



m. Physiopathology

Giza & Hovda, Neurosurgery, 2014

Neurometabolic Cascade

Following Cerebral Concussion/MTBI
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B Diagnosis

1. Observation of the injury
mechanism:

Concussion is a

No single tool validated
for diagnosis




m. Diagnosis: the new generation of SRC tools (2023) C | S ”

CONCUSSION IN SPORT GROUP
EST, 2002

SCAT6" © JSCOAT6"

Sport Concussion Assessment Tool Sport Concussion Office Assessment Tool
For Adolescents (13 years +) & Adults For Adults & Adolescents (13 years +)

child SCAT6™ © | chid SCOATHO™

Sport Concussion Assessment Tool Sport Concussion Office Assessment Tool

For Children Ages 8 to 12 Years For Children Ages 8 to 12 Years

CRT6"

Concussion Recognition Tool
To Help Identify Concussion in Children, Adolescents and Adults

Freely available: https://www.concussioninsportgroup.com/scat-tools/
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m.  Sport Concussion Assessment Tool (SCAT) 6

-Standardized, designed for healthcare professionals
*Acute phase (within 3 days — max 7 days post injury)
*Minimum 10-15 minutes

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

Sport Concussion Assessment Tool 6 - SCATE Y

Etape 1: Signes Visibles

Constaté en personne |_| Obeenve sur o |_|
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Ent:a:ie 1: Signaux d'Alarme
Douleur ou sensibillts au cou

- Criae d'épliepsie ou convulalona

= Wiglon double

= Perie de connalssance

- Falbbesse, plocotemsnt ou sensation de brilure dans plus d'un
bras ou drune jsmbe

- Détariorstion de |'Stat de conaclence

= Vomissements
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» Echelle de Glaagow <45

= Déformation vizible du crine
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Confuse
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Etape 2: Echelle de Glasgow
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Etape 3: Evaluation de la colonne cemvicale

Il Ie paflent meet pas lucide ou enflersment coneclent, Il Taut suppoesr
Ung TEESUre & 13 Colonne Carvicals &t des précautions dolvent Stre
prizes afin de proféger |a colonns versbrals,

Est-cs que Pathiéts ressent de la douleur au cou au
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mouvement compléte et sans doulsur?

La force et |a sensation des mambres sont-allea o N
normalea?

Etape 4: Coordination et Examen Oculomoteur

Coordination: Les résultats de I'épreuve dolgt-nez

gont-lls normaux pour lee deux malng, avec las o N
yeux ouverts st ferméa?
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m. Second impact syndrome v

1st impact
concussion | DRAMATIC CONSEQUENCE OF
; _ _ RETURNING AN ATHLETE TO PLAY WHO
A arebeal Bload flom | HAD A CONCUSSION AND IT STILL
SYMPTOMATIC

Vulnerability state |

Second impact

(might be of less magnitude)
\3

Loss of capacity to regulate intracranial and
perfusion pressions

Cerebral oedema |
Herniation |
L |

\J




m. Second impact syndrome v

1st impact

concussion | DRAMATIC CONSEQUENCE OF

RETURNING AN ATHLETE TO PLAY WHO
ﬂ N AND IT STILL
1ATIC
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m Management i‘

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)

A Complete & prolonged rest (“cocooning”) =» deleterious %

=17



m Management i‘

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)

O
~ Controlled resumption of physical activity = beneficial K !

=18



m.  Management : return to play (RTP) protocols

Table 2 Return-to-sport (RTS) strategy—each step typically takes a minimum of 24 hours

Step Exercise strategy Activity at each step Goal
1 Symptom-limited activity Daily activities that do not exacerbate symptoms (eg, ~ Gradual reintroduction of work/school
walking).
2 Aerobic exercise Stationary cycling or walking at slow to medium pace.  Increase heart rate
2A—Light (up to approximately 55% maxHR) then May start light resistance training that does not result in
2B—Moderate (up to approximately 70% maxHR) more than mild and brief exacerbation™ of concussion
symptoms.
3 Individual sport-specific exercise Sport-specific training away from the team environment Add movement, change of direction
Note: If sport-specific training involves any risk of (eg, running, change of direction and/or individual
inadvertent head impact, medical clearance should occur  training drills away from the team environment). No
prior to Step 3 activities at risk of head impact.

Steps 4-6 should begin after the resolution of any symptoms, abnormalities in cognitive function and any other clinical findings related to the current concussion, including with
and after physical exertion.

4 Non-contact training drills Exercise to high intensity including more challenging Resume usual intensity of exercise,
training drills (eg, passing drills, multiplayer training) coordination and increased thinking
can integrate into a team environment.

5 Full contact practice Participate in normal training activities. Restore confidence and assess functional
skills by coaching staft

6 Return to sport Normal game play.

*Mild and brief exacerbation of symptoms (ie, an increase of no more than 2 points on a 0—10 point scale for less than an hour when compared with the baseline value reported
prior to physical activity). Athletes may begin Step 1 (ie, symptom-limited activity) within 24 hours of injury, with progression through each subsequent step typically taking

a minimum of 24 hours. If more than mild exacerbation of symptoms (ie, more than 2 points on a 0—10 scale) occurs during Steps 1-3, the athlete should stop and attempt

to exercise the next day. Athletes experiencing concussion-related symptoms during Steps 4—6 should return to Step 3 to establish full resolution of symptoms with exertion
before engaging in at-risk activities. Written determination of readiness to RTS should be provided by an HCP before unrestricted RTS as directed by local laws and/or sporting
regulations.

HCP, healthcare professional; maxHR, predicted maximal heart rate according to age (ie, 220-age).

=19



m. Management : return to learn (RTL) / play (RTP) protocols

1. SYMPTOM-LIMITED ACTIVITY o

Daily activities that do not exacerbate

symptoms (eg. Walking) o 2. LIGHT-MODERATE

AEROBIC EXERCISE

Stationary cycling or walking at
slow-medium pace. Light resistance
training if no more than mild/brief
exacerbation of symptoms.

Goal: Increase heart rate

Coal: gradual re-introduction to
work/school

3. INDIVIDUAL SPORT- o
SPECIFIC EXERCISE
Sport-specific training away from
team environment (eg. running,
individual training drills).
No activities at risk of head impact.

4. NON-CONTACT
Goal: Add movement,
change of direction o _TRAI NI N_G DRI LI',S
Stationary cycling or walking at

slow-medium pace. Light
resistance training if no more than
mild/brief exacerbation of
symptoms.

5. FULL CONTACT PRACTICE o

Participate in normal
training activities.

Goal: Restore confidence and assess
functional skills by coaching staff
[ CONCUSSION IN SPORT GROUF ]

E5T. Jodd

Goal: Usual intensity of exercise,

coordination and thinking.

Q 6. RETURN TO SPORT

Normal Game Play!

= 20



m.  Adopted by international sports federations i:

Returning to play after concussion or suspected
concussion

() WORLD RUGBY

Return to play guidelines

RETURN-TO-PARTICIPATION 7S
PROTOCOL NFLIr

=21



¥

Physiological effects of sports-
03 = related concussions 4

An observational study

=22



m. Sport-related concussion: head impact exposure t:

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)

=23



Sport-related concussion: head impact exposure

Monitoring head impact exposure — accelerometry

b’- .'.

.
.
» -

o 353 .,s
o .,451'

3‘& Skin patch
4-1« . g

'&4

Instrumented helmets

Instrumented mouthguards
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m.  Head impact exposure: acute effects — transcranial magnetic
stimulation (TMS)

R

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

TMS

o ©
\

Impact group:
football game

with head impact
monitoring

Control group:
practice without
contact

B

TMS

=25



B Sport-related concussion: head impact exposure & TMS v

Results: impacts

n = 11,6 impacts / player

F=18,9 g /impact \

F tot = 234 g / player



B Sport-related concussion: head impact exposure & TMS

Results: impacts categories

Impact N N

category | players | impacts

10-24g| 29 9
25-39¢g| 25 2
40-59g| 14 1

>60 g 5 1




B Head impact exposure & TMS

Results: intracortical inhibition (TMS)

0,4

0,35

o
o N ©
N ol w

SIClI ratio (in mV) +SE
o
o =
= Ul

0,05

p=0.189

T
0,219 0,13
24h before

In-season group

p=0.009

;

0,273 0,0596

2h after

Control group

R

2x2 mixed ANOVA
Time * Group
F(1,44) =5.19

p = 0.028

n* = 0.106



B Head impact exposure & TMS

Results: intracortical inhibition (TMS)

0,4

0,35

o
) o
(6)] w

o
[\

SICI ratio (in mV) +SE
o
o

0,1
0,05 .
0 0,219 0,13 0,273 0,0596
24h before 2h after

In-season group Control group



m.  Head impact exposure: acute effects i:

J N S CLINICAL ARTICLE

Short-term changes in the physiology of the primary
motor cortex following head impact exposure during
a Canadian football game

*Sophie-Andrée Vinet, MSc,"? Géraldine Martens, PhD,'* Samuel Guay, BA,'?
Amélie Apinis-Deshaies, PhD,' Johan Merbah, PhD,' Bertrand R. Caré, PhD,"*
Laurie-Ann Corbin-Berrigan, PhD,’ Eric Wagnac, PhD,'¢ and Louis De Beaumont, PhD"?

'Montreal Sacred Heart Hospital Research Center, Montréal, Québec, Canada; 2Psychology Department, University of Montreal,
Québec, Canada; *Surgery Department, University of Montréal, Québec, Canada; “BERGIA Solutions, Toulon, Var, France;
SDepartment of Physical Activity Sciences, University of Quebec at Trois-Riviéres, Québec, Canada; and ®Department of
Mechanical Engineering, Superior Technology School, Montréal, Québec, Canada

*S.AV. and G.M. contnbuted equally to this work.

https://doi.org/10.3171/2023.11.JNS231933
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m. Head impact exposure: acute autonomic effects — heart rate dynamics i'

JSAMS

Journal of Science and Medicine in Sport
Original research

Effects of head impact exposure on in-game heart rate dynamics in
Canadian varsity football athletes

Abdullah Zafar *>¢, Géraldine Martens *¢, Samuel Guay °, Sophie-Andrée Vinet ®, Eric Wagnac ¢,
Laurie-Ann Corbin-Berrigan **', Francois Prince ¢, Jaden Pantazis % Simon Prince *°, Louis De Beaumont *“*

* Centre de Recherche, Hopital du Sacré-Ceeur de Montréal, Canada

b Department of Biomedical Sciences, Faculty of Medicine, University of Montréal, Canada

© Department of Surgery, Faculty of Medicine, University of Montréal, Canada

4 Department of Mechanical Engineering, Ecole de Technologie Supérieure, Canada

¢ Department of Human Kinetics, University of Quebec at Trois-Riviéres, Canada

T Groupe de Recherche sur les Affectations Neuromusculosquelettiques, University of Quebec at Trois-Riviéres, Canada

£ These authors contributed equally to this work.

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

= 31


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

. <
Conclusions §4

« SRC remains a functional (>< structural) TBl 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
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« SRC remains a functional (>< structural) TBIl and relies on a clinical diagnosis
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