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Advanced imaging techniques

• Functional Magnetic Resonance Imaging  - fMRI

• Diffusion Tensor Imaging – DTI

• Susceptibility Weighted Imaging – SWI 

• Magnetic Resonance Spectroscopy – MRS 

• Positron Emission Tomography – PET 

• Electrophysiology – EEG 

• Transcranial Magnetic Stimulation – TMS

• …  
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➔ in SRC & general population

For diagnosis, prognosis & head impacts

Advanced imaging techniques



Amsterdam Consensus Conference 2022
205 studies – 81 (f)MRI & 29 EEG

New (exploratory) imaging techniques

Tabor et al. BJSM 2023
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Amsterdam Consensus Conference 2022
205 studies – 81 (f)MRI & 29 EEG

New (exploratory) imaging techniques

Key messages

➔Use in research for diagnosis & prognosis

➔ Promising sensitivity for assessing acute 
neurobiological effects

➔ Microstructual & functional alterations

➔ Alterations persists beyong clinical clearence

BUT heterogeneity & mixed findings

& lack of specificity

Tabor et al. BJSM 2023



SRC & general population - scoping review
80 studies

• 10 conventional MRI 

• 24 diffusion weighted imaging 

• 23 fMRI 

• 9 EEG/MEG

• 14 other techniques (eg, fNRIS)

Mortaheb et al. Frontiers Neurol. 2021

Functional network alterations



SRC & general population - scoping review
80 studies

• 10 conventional MRI 

• 24 diffusion weighted imaging 

• 23 fMRI 

• 9 EEG/MEG

• 14 other techniques (eg, fNRIS)

AI = anterior insula

dlPFC = dorsolateral prefrontal cortex

FEF = frontal eye fields

IPL = inferior parietal lobe

PCC = posterior cingulate cortex

PFC = prefrontal cortex

PS = precentral sulcus
Mortaheb et al. Frontiers Neurol. 2021

Functional network alterations



Thalamo-cortical connectivity

Longitudinal study – CENTER TBI
108 patients GCS 13–15 & normal CT
& 76 controls

Woodrow at al. Brain 2023



Voxel-wise results of increased 
functional connectivity in mTBI 
compared to controls

• 47% incomplete recovery 6 month
• Normal structural MRI
• Acute increased thalamo-cortical connectivity 
• Predictive of persistent symptoms

Longitudinal study – CENTER TBI
108 patients GCS 13–15 & normal CT
& 76 controls

Woodrow at al. Brain 2023
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Voxel-wise results of increased 
functional connectivity in mTBI 
compared to controls

• 47% incomplete recovery 6 month
• Normal structural MRI
• Acute increased thalamo-cortical connectivity 
• Predictive of persistent symptoms

Longitudinal study – CENTER TBI
108 patients GCS 13–15 & normal CT
& 76 controls

➔ Potential compensatory mechanism
leading to chronic alterations

Woodrow at al. Brain 2023

Thalamo-cortical connectivity



Long-term alterations

13
Chruchill et al. Neurology 2025

Observational longitudinal study
• N= 187 - 25 concussed & 27 injury-free athletes 
• fMRI (functional connectivity, CBF, DTI)
• 1. baseline, 2. symptomatic, 3. RTP – medical 

clearance, 4. 1-3 month & 5. 1-year post-RTP
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Chruchill et al. Neurology 2025

Observational longitudinal study
• N= 187 - 25 concussed & 27 injury-free athletes 
• fMRI (functional connectivity, CBF, DTI) 
• 1. baseline, 2. symptomatic, 3. RTP – medical 

clearance, 4. 1-3 month & 5. 1-year post-RTP

CBF : decreased symptomatic
remained decreased at RTP & 1-Y

Medial temporal regions



Long-term alterations

DTI : increased MD & decreased FA at sympt. 
remained altered at RTP & 1-Y
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• fMRI (functional connectivity, CBF, DTI) 
• 1. baseline, 2. symptomatic, 3. RTP – medical 

clearance, 4. 1-3 month & 5. 1-year post-RTP

➤ did not exceed longitudinal 
variability compared to 
injured-free athletes 

CBF : decreased symptomatic
remained decreased at RTP & 1-Y

Chruchill et al. Neurology 2024; Thibaut & Martens, Neurology 2025



Long-term alterations

DTI : increased MD & decreased FA at sympt. 
remained altered at RTP & 1-Y

Observational longitudinal study
• N= 187 - 25 concussed & 27 injury-free athletes 
• fMRI (functional connectivity, CBF, DTI) 
• 1. baseline, 2. symptomatic, 3. RTP – medical 

clearance, 4. 1-3 month & 5. 1-year post-RTP

➤ did not exceed longitudinal 
variability compared to 
injured-free athletes 

CBF : decreased symptomatic
remained decreased at RTP & 1-Y

➔ Relevance of longitudinal studies & controls/injured-free athletes

Chruchill et al. Neurology 2024; Thibaut & Martens, Neurology 2025



Short-term & subclinical alterations

17
Vinet et al. JNS, 2024

Head impacts 

➔ Assess intracortical inhibition (TMS) post game (impacts) versus post 

training (without impacts)
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Male athletes (n=29)
Varsity football
McGill & UdeM
2021-2022 seasons
Random assignment

23 years
185 cm
95 kg

Vinet et al. JNS, 2024

Head impacts 

➔ Assess intracortical inhibition (TMS) post game (impacts) versus post 

training (without impacts)

N=29

N=20

Impact group: 
football game 

with head 
impact 

monitoring

Control group: 
practice without 

contact

Short-term & subclinical alterations



Head impact exposure (game)

n = 11,6 impacts / player

F = 18,9 g / impact 

F tot = 234 g / player

10g+

Vinet et al. JNS, 2024

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

Short-term & subclinical alterations



Vinet et al. JNS, 2024

Intracortical inhibition – TMS 

➔ Short term changes in cortical excitability 
following head impacts during games

Short-term & subclinical alterations



Vinet et al. JNS, 2024

Intracortical inhibition – TMS TMS & impacts

➔ Short term changes in cortical excitability 
following head impacts during games

➔Deleterious intracortical disinhibition 
with 40+g impacts 

     (neurometabolic cascade)

Short-term & subclinical alterations



In clinical partice? 



In clinical partice? 
Concussion care pathway

Who ?

Mild head trauma

Moderate head 
trauma

When ?

D0 if identification 
of 1 Red Flag

From D14 if
persistence of
post-concussion 
symptoms

What is ?

Neuropsy.

PM&R & neuro

EEG & (f)MRI

….



Concussion care pathway
fMRI

DAN

* Connectivity index

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



Concussion care pathway

Healthy control                                Patient

HD-EEG

alpha

fMRI

DAN

* Connectivity index

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



Concussion care pathway

Healthy control                                Patient

HD-EEG

alpha

fMRI

DAN

* Connectivity index

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

LOURAS - poster session Friday 21th 2.30pm 



Conclusions

Added value to understand 1. pathophysiological mechanisms of concussion 

2. course of (subclinical) recovery

Objectification of microstructual & functional alterations

➔ thalamo-cortical connectivity

➔ intra & inter networks connectivity

➔ importance of control groups, especially in SRC

➔ alterations persists beyong clinical clearence

Need for clinical translation (fMRI EEG) & enhanced specificity



Thank you !

athibaut@uliege.be

www.giganeurorecovery.uliege.be
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