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Concussions & persistent symptoms

Concussion or mild TBI =90% total TBI
30-50% develop persistent post concussion symptoms

Somatic, cognitive, emotional, sleep disturbances

10-27% unemployed at 12 month (TRACK-TBI)
Standard exams usually normal (CT-MRI)

=>» Lack of uniformity for the diagnostic & management
=>» Underdiagnosed (& reported) — silent epidemic

Dewan et al., 2018; Korley et al., 2019; Gaudette et al., 2022



Advanced imaging techniques v

Functional Magnetic Resonance Imaging - f{MRI

Diffusion Tensor Imaging — DTI
Susceptibility Weighted Imaging — SWI

Magnetic Resonance Spectroscopy — MRS B

Positron Emission Tomography — PET
Electrophysiology — EEG
Transcranial Magnetic Stimulation — TMS



New (exploratory) imaging techniques

Amsterdam Consensus Conference 2022

205 studies — 81 (f)MRI & 29 EEG

Tabor et al. BJSM 2023

Systematic review

Role of biomarkers and emerging technologies in
defining and assessing neurobiological recovery after
sport-related concussion: a systematic review
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New (exploratory) imaging techniques

Systematic review
Amsterdam Consensus Conference 2022 Role of biomarkers and emerging technologies in
205 studies — 81 (f)MRI & 29 FEG defining and assessing neurobiological recovery after

sport-related concussion: a systematic review

Neuroimaging Electrophysiology
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New (exploratory) imaging techniques

Systematic review
Amsterdam Consensus Conference 2022 Role of biomarkers and emerging technologies in
205 studies — 81 (f)MRI & 29 FEG defining and assessing neurobiological recovery after

sport-related concussion: a systematic review

Key messages KEY RECOMMENDATIONS
= Advances in neuroimaging, fluid biomarkers, genetic
- 1 - 1 testing and emerging technologies continue to provide
9 Use m researCh fOf dlagnOSlS & prognOSIS valuable research tools for the investigation of sport-related

. eie e . concussion neurobiology in the areas of diagnosis, prognosis
=>» Promising sensitivity for assessing acute andrecovery. T
b. 1 . 1 f f = While these technologies show potential for eventual
neuroplological € ects clinical use, their translation is limited by methodological
. . . inconsistencies and a lack of generalisability, based on the
= Microstructual & functional alterations existing evidence.

= Progression to further validate their clinical utility will

. . S require large, multisite, prospective longitudinal studies
9 Alteratlons pers 1sts beyong Chnlcal Clearence implementing standardised operating procedures, common
data elements, consistent data collection time points and
more sophisticated biostatistical approaches to data analysis.

BUT heterogeneity & mixed findings
& lack of specificity

Tabor et al. BISM 2023



Functional network alterations v

Normal DMN-TPN anti-correlation

SCOping IEVieW - 80 StUdieS which is impaired in PCS patients

&

10 conventional MRI
24 DWI

23 fMRI

9 EEG/MEG

14 others (eg, INRIS)
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Increased thalamo-cortical and
thalamo-DMN connectivity

<«—>
Decreased PFC activity

fMRI : DMN/TPN & thalamo-cortical

B UT heterogenel ty 8 mlxed ﬁndlngs 3]1}"‘;Z’nie:iioorrszzl;éjal prefrontal cortex
) ., B FEF =fron'tal eyeﬁelds
& lack of longitudinal studies & control groups IPL - inkriorpuricallobe
PFC = prefrontal cortex
PS = precentral sulcus

Mortaheb et al. Frontiers Neurol. 2021



Long term alterations v

Observational longitudinal study

* N=187-25 concussed & 27 injury-free athletes (male & female)

* fMRI (functional connectivity, CBF, D'IT)

* Baseline -> symptomatic -> RTP — medical clearance -> 1-3 month -> 1-year

Chruchill et al. Neurology 2025



Long term alterations v

Observational longitudinal study
* N=187-25 concussed & 27 injury-free athletes (male & female)
* fMRI (functional connectivity, CBF, D'IT)

* Baseline -> symptomatic -> RTP — medical clearance -> 1-3 month -> 1-year
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CBF : decreased at Symptomatic Medial temporal regions
persisted beyond medical clearance & 1-year

Chruchill et al. Neurology 2025



Short term & subclinical alterations ¥

Head impacts
=>» Assess intracortical inhibition (TMS) post game (impacts) versus post
training (without impacts)

£ 0‘ <N
Male athletes (n=29) PN N PN
Varsity football J 4 Impact group: |
McGill & UdeM o football game o A
2021-2022 seasons T™S with he?d i[nPaCt ™S
Random assignment monitoring

23 yo
185 cm
95 kg

Control group:
practice without
contact

Vinet & Martens et al. JNS, 2024 :




Short term & subclinical alterations ¥

Intracortical inhibition — TMS

p=0.009

p=0.189

SICI ratio +SE
Y

0.0596

24h before 2h after
™ In-season group Control group

=» Short term changes in cortical excitability
following head impacts during games

Vinet & Martens et al. JNS, 2024



Short term & subclinical alterations ¥

Intracortical inhibition — TMS TMS & impacts
04 . Players exposed to 40g+ hits
035 . Players not exposed to 40g+ hits
p=0.009
Control
- . ontrol group
p=0.189
g ozs / SICI ratio 40g+ hits versus non 40g+ hits
w
0.1 T
0.1
ok
0.13 0.059
0 02 -0,15 -0,1 -0,05 0 0,05 0,1 0,15

24h before 2h after
™ In-season group Control group

SICI ratio (in mV) £ SE

=>» Short term changes in cortical excitability =2 Deleterious intracortical disinhibition
following head impacts during games with 40+g impacts
(neurometabolic cascade)
Vinet & Martens et al. JNS, 2024



’ H Inclinical practice? @ HERg
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Concussion
care pathway

CHU Liege

Neuropsy & physiotherapy

Qj PM&R & neurology
& Clinical & high-density EEG

@ Structural & functional MRI



Concussion care pathway v
fMRI - HDERG

* Connectivity index Al
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Schaefer, et al, Cereb Cortex 2018, Brett et al, Brain Imaging Behav. 2022 , Mortaheb et al. Front Neurol. 2021



Conclusions oW

Added value to understand 1. pathophysiological mechanisms of concussion

2. course of (subclinical) recovery

Objectification of microstructual & functional alterations
=» Functional connectivity // persistent symptoms

=>» Subclinical & long-term alterations beyong clinical clearence

s

Use in clinical practice?
Large scale longitudinal studies
Need for clinical translation (fMRI =» EEG)

Enhanced specificity for patient’s level interpretation
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