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Abstract 

The origin of sensorimotor EEG signatures remains 

to be elucidated. Here, we present a model that spans 

the gap from neuronal spiking to the EEG and is 

based on known cortical anatomy and physiology. 

We use this model to simulate EEG signals, in order 

to enhance the understanding of human EEG 

recordings during rest and motor tasks.  
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Introduction 

Electroencephalography (EEG) is a non-invasive and 

cost-effective neuroimaging technique that is readily 

available in both healthy and patient populations. 

EEG has a high temporal resolution, but low spatial 

discriminability, due to low sampling (typically 32-128 

electrodes) and the effects of volume conduction. Its 

limited spatial resolution has severely constricted the 

contribution of EEG to dynamic network identification. 

In other words, the contribution of EEG in identifying 

the what, when and where of cortical circuits involved 

in cognition and disease is still in need of 

improvement. To improve the interpretability of EEG 

data, we need a better understanding of the 

contribution of low-level cortical activity to the signals 

recorded at the scalp.  

Modelling EEG signals 

To this end, we have developed a model of human 

sensorimotor cortex that bridges the gap by simulating the 

activity of single cells (Figure 1A), that were connected to 

each other via model synapses into small circuits that 

represent the cortical layers, and which were in turn 

connected into columns that represent primary sensory 

cortex (S1) and sensory motor cortex (M1) (Figure 1B). 

We simulated the EEG based on the activity in these 

model circuits, allowing us to compare the activity of 

single cells and neural ensembles to EEG signals 

recorded during rest and task.  

Neuron Models 

Individual cells were modelled as Izhikevich point 

neurons (Izhikevich, 2003). We used three different 

cell types (Figure 1A): one excitatory type (regular 

spiking), and two types of inhibitory cells: fast spiking 

model neurons to represent Parvalbumin positive 

(PV+) cells, and low threshold spiking model neurons 

to represent somatostatin positive (SOM+) cells. 

As we aimed to simulate human EEG data, the 

excitatory cells made up 70% of the population 



 

Figure 1.Model overview. A: Dynamics of the cell types in the model; B: Circuit overview of S1 and M1 models with 

thalamic input (black) per cell type (see A); C: Dipole locations used for computation of the EEG.  

 

 

(Bakken et al., 2021; Shapson-Coe et al., 2024). 

Excitatory regular spiking cells represent stellate cells 

in L4 of S1, and pyramidal cells in all other simulated 

layers. The inhibitory cell types each made up half of 

the remaining population, mimicking their prominent 

contribution in cortical circuits (Bakken et al., 2021).  

Inputs and Synaptic Connections 

Model neurons were connected to each other via model 

AMPA and GABA synapses. Synaptic connections were 

made randomly, following connection probabilities 

reported in the literature (amongst others: Beierlein et al., 

2003; Hooks et al., 2013; Kätzel et al., 2011; Lefort et al., 

2009; Markram et al., 2015). Connections between S1 

and M1 were excitatory only. Neurons received excitatory 

thalamic inputs modelled as random or modulated spike 

trains (i.e. pulsed, sinusoidal). 

Simulating the EEG 

To simulate EEG signals we calculated the 

amplitudes of two dipoles: one for M1 and one for S1 

(Figure 1C), while assuming correlated noise for the 

rest of the brain. S1 and M1 dipole moments were 

based on a scaled and time-shifted combination of 

the AMPA and GABA currents into the pyramidal cells 

in L2/3 and L5, following (Martínez-Cañada et al., 

2021). Using the New York head model (Huang et al., 

2016), we then computed the signals at 231 EEG 

electrodes. 

Model Validation and Predictions 

By comparing the model EEG signals to EEG signals 

from healthy volunteers recorded during rest, active 

and passive movement, we aim to: 1) provide 

pointers to improve the processing and network 

analysis of EEG recordings and 2) aid the 

interpretation of EEG signals originating from 

sensorimotor cortex. This will allow us to gain more 

insight into the linear and non-linear interaction that 

give rise to recorded EEG activity and thus improve 

our understanding of (changes in) network dynamics 

in healthy and diseased brains. 
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