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Damoiseaux et al. PNAS 2006

Fox et al. PNAS 2005
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Smith et al. PNAS 2009

Resting-state brain networks
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Descoteaux et al., MRM (2007)
Hagmann et al., PLoS (2008)

Diffusion MRI tractography

Basser et al., Biophys J (1994)
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Greicius et al. Cerebral Cortex 2008

Structure versus function
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Hagmann et al., PLoS (2008)

Messé et al., PLoS (2014)
Neuroimage (2015)
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Straathof et al., J Cereb Blood Flow Metab (2019)
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Anatomy + Physiology = Ongoing activity
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Ghosh et al. PLoS 2008
Deco et al. PNAS 2009
Honey et al. PNAS 2009
Cabral et al. Neuroimage 2011
Deco & Jirsa J Neuroscience 2012

Computational modeling



Structural vs. Functional brain connectivity 11Anatomy, stationary dynamics and non-stationarities

Messé et al., PLoS (2014)
Neuroimage (2015)
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Messé et al., PLoS (2014) Neuroimage (2015)



Structural vs. Functional brain connectivity 13Anatomy, stationary dynamics and non-stationarities

Homotopic connections!

Messé et al., PLoS (2014) Neuroimage (2015)

permute      add       remove



Structural vs. Functional brain connectivity 14Anatomy, stationary dynamics and non-stationarities

dynamic FC    vs    stationary FC

Messé et al., PLoS (2014)
Neuroimage (2015)
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complexity

Anatomy, stationary dynamics and non-stationarities

➔ Consistent relationship SC and FC

➔ Model complexity ≠ model prediction

➔ FC appears substantially constrained by SC

➔ But fMRI...
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• Chronically implanted micro-ECoG 64 electrodes
• Superficial LFP signals over the posterior left hemisphere
• Ongoing activity / spontaneous behavior
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Engel, Fries & Singer, Nat Rev Neurosci 2001
Siegel, Donner & Engel, Nat Rev Neurosci 2012

Engel, Gerloff, Hilgetag & Nolte, Neuron 2013

 Couplings not imposed by stimuli/movements
 Occur during ongoing activity and tasks
 Route cognitive and sensorimotor processing
 Effective processing and communication
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Engel, Gerloff, Hilgetag & Nolte, Neuron 2013

● MEG, EEG, LFP, spikes
● Band-limited oscillations (1-150 Hz)
● Coherence, PLV, PLI, PSI, etc

● FMRI, MEG, EEG, LFP, spikes
● Aperiodic scalefree (<0.1 Hz)
● AEC
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Messé et al., Neuroimage (2023)
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Stitt et al., Sci Rep (2017)

Ferret states

• Spectral changes in the slow oscillations (0.8-3Hz), theta-band (4-6 Hz) and alpha-band (8-16Hz) 

• Classification of brain states: awake, REM sleep and slow wave sleep 
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Messé et al., Neuroimage (2023)

Bizley & King, Hear Res (2009)
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Lachaux et al., HBM (1999)                                                            Hipp et al., Nat Neurosci (2012)

Phase locking value Amplitude envelope correlation
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Messé et al., Neuroimage (2023)



Structural vs. Functional brain connectivity 24Ferret structural connectivity

Delettre et al., Netw Neurosci (2019)
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Dell et al., J Comp Neurol (2019 a,b,c)

Tract-tracing
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Delettre et al., Netw Neurosci (2019)
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Delettre et al., Netw Neurosci (2019)
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Messé et al., Neuroimage (2023)
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Messé et al., Neuroimage (2023)
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Cowley et al., Foundations and Trends® in Human–Computer Interaction (2016)

➔ volume conduction
➔ signal leakage/spread/mixing
➔ field spread

Instantaneous (zero-lag)
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Nolte et al., Clin Neurophysiol (2004)                                                            Hipp et al., Nat Neurosci (2012)

Imaginary phase locking value Orthogonalized amplitude envelope correlation

imag(u)

Lagged phase and envelope ICMs
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Messé et al., Neuroimage (2023)
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Messé et al., Neuroimage (2023)
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Messé et al., Neuroimage (2023)
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Messé et al., Neuroimage (2023)
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Messé et al., Neuroimage (2023)
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Messé et al., Neuroimage (2023)
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Messé et al., Neuroimage (2023)
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➔ Consistent relationship between phase and envelope ICMs with SC

➔ The relation between structural and functional coupling is not artifact

➔ Computational models are challenged to predict ICMs

➔ ICMs appear substantially constrained by the underlying structural scaffold

➔ Dominant role of direct, short-distance, near zero-lag interactions
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