
 Simulated Resting-State Functional Connectivity correlates with experiments. 

 Neural dynamics of local nodes with self-sustained oscillations organizes at the large-scale level to give rise to BOLD correlations. 

 Inside partially synchronized clusters, the BOLD is correlated because the cluster induces a common source of slow neural activity. 

 The RSNs found from the BOLD signal may, at the neural level, correspond to clusters of synchronized oscillatory networks. 
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II b – Neural population Model 

II c – Network model 
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Each node represents a network of excitatory and inhibitory neurons. In this work, we 
hypothesize that the gamma oscillations observed during rest are self-sustained oscil-
lations at the local level. In a previous work (Deco et al., 2009) these oscillators  were 
represented by weakly coupled Wilson-Cowan units. In the present work the node dy-
namics is reduced to that of a phase oscillator. 

Oscillatory interactions are assumed to be described by the Kuramoto model (Acebron et al., 2005). 
For biological realism, each oscillator has its own intrinsic frequency and receives a Gaussian white 
noise. In order to take into account the axonal conduction time, we include in the model delayed inter-
actions that depend on the length of the fibres connecting any pair of regions. 
 
The dynamics of  each oscillator n (n=1:N) obeys to: 
 
 
 
Intrinsic frequencies: Gaussian distribution (mean 60 Hz, STD 5 Hz). 
 

Free parameters:                           and  k. 

 
Clusters of nodes:  
 
Synchrony level: 

 
Cluster BOLD (mean):   well correlated to LPF signal of 
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IV – Results 
Network dynamics 

V - Conclusion 

Seed Correlation maps 

Functional Connectivity 

Varying k for a fixed speed (<τ>=11ms), clusters of  synchronized 
nodes form, due to stronger SC between cluster nodes; then they 
group until global synchrony. 

During rest the brain exhibits organized activity characterized by spatio-temporal pat-
terns of slow correlated fluctuations (< 0.1 Hz) of the Blood Oxygenation Level De-
pendent (BOLD) fMRI signal (Fox et al.,2007). These correlations, referred to as func-
tional connectivity (FC), yield large-scale maps constituting so-called resting-state net-
works (RSNs) which can whether be activated or deactivated during attention-
demanding tasks. Although it has been suggested that such organization reflects struc-
tural connectivity (SC), its origin still remains unclear. Since FC comes directly from 
brain activity, the neuro-dynamical properties of the network should also play a role in 
shaping it. 
We present here a large-scale model of the human brain neural activity which hypothe-
sizes a sustained oscillatory activity at the local level, and show how this model can re-
produce the empirical FC properties.  

In the region of best agreement with experimental FC (e.g. <τ>=11ms, k=18), the network dynamics exhibits a set of synchronized clusters. In-
side a  given cluster, the slow activity of a node is strongly correlated to the slow cluster activity (given by R_c*sin(phi_c)). In this model, syn-
chronized clusters of nodes explain the origin of BOLD correlations between these nodes. 

Phase oscillator 
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II a – Structural connectivity 

We use the human cortical connectome (Hagmann et al., 2008) obtained from DSI and 
tractography. Downsampling to N = 66 regions, we obtain the interregional coupling 
strength (C) and distance (d) matrices, from which the delay matrix (τ= d/V )  is com-
puted via the choice of a conduction velocity (V). Upper left and bottom right quadrants 
correspond to intra-hemispheric connections and the anti-diagonal corresponds to con-
tralateral connections between homologous regions. 

II - Large-Scale Brain Model 
The model consists in a network of anatomically distinct cortical regions (nodes) dy-
namically coupled through time-delayed interactions via the known structural connec-
tivity. 

I – Introduction 

K=2 K=18 K=50 

 coupling   network synchrony 

  delays        network synchrony 

Axonal transmission speed (healthy subjects): 
 5 - 20 m/s  <τ> 3 - 13 ms (<d> = 64.2 mm).  

Network synchrony 

Neuronal activity Raw BOLD Regressed BOLD Empirical FC Correlation with experiments 

Correlation patterns of fluctuations 


