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WP1 : ÒBiophysical models 
of stimulationÓ 

¥! Partners: FFCUL, INSERM, Starlab 

¥! O1 : To develop models of current propagation and induced 
electric field inside the brain resulting from non-invasive 
stimulation (FFCUL, Starlab) 

¥! O2: To develop models for the interaction of stimulation 
currents with neurons, neural ensembles and the brainÓ  

  (INSERM, Starlab) 
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Objective  

¥! A neuronal population model for the cerebral cortex 

¥! Coupling between the model and the electric field induced by 
stimulation 

¥! Results: simulation of LFPs and comparison with real data recorded 
in the rabbit under stimulation condition (UPO, WP2)  

To model the impact of stimulation currents  
on small-scale neural ensembles 
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Experimental and computational 
models. Level of modeling 

¥! An overview 

F. Wendling,  Expert Review of Neurotherapeutics (2008)  

Models used to study brain activity 
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Cellular organization of the 
cerebral cortex  

!  Pyramidal cells 

!  Local interneurons 

Markram et al., 2004 
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+  Excitation (AMPA) 

Main subpopulations and 
synaptic interactions  

Interneurons 
Type 1  

(Bas., Chand.) 

Interneurons 
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(Bit., DB, Bip.) 

Interneurons 
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Pyramidal 
cells 
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A neuronal population model 
for the cerebral cortex (3/3) 

- -  Inhibition (GABAa,s) 
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-  Inhibition (GABAa,f) 

+ 

+ + 

+  Excitation (AMPA) 

Interneurons 
Type I  
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Pyramidal 
cells 
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The model: basic principles 

Ç Wave-to-Pulse È 
(nonlinear function) 

PSPs !  APs 

Ç Pulse-to-Wave È 
(linear transfer function) 

APs !  PSPs 

Wendling F, Chauvel P, in Computational Neuroscience in Epilepsy,. I. Soltesz & K. Staley eds., Elsevier, 2008 



Pulse-to-wave and wave-to-pulse 
conversion operations  
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From model to simulated 
LFPs 

Model structure 

Main parameters: 
-! Amplitude of average PSPs 
-! Connectivity parameters  
  (CPP, CPI, CII, É) 
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Simulations: !  PSPs (~LFP) 
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Influence of the electric 
field 

E Ey 

Bikson et al., JN, 2004 

f(E) 
+ 
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Results. Experimental 
protocol 

DATA: 
- UPO 
-! WP2 
-! Rabbit (in vivo) 
-! Cerebral cortex 
-! LFPs 

E 

The exact 
computation of 
the electric field 
is performed by  
IBEB-FFCUL 
(WP1) 

+ - 
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Experimental data 

Stimulus 

R1  

R4   

R2  

R3  

1 s 
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R2  
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Real response (R1) 

Real data vs simulated data 

N1 ~ 9 ms 

P2 ~ 22 ms 

P1 ~ 2 ms 

Stimulation artifact 

Simulated response 

9 ms 

22 ms 

2 ms 
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Real response (R1) 

Model-based  interpretation of 
real responses (artifact free) 

Simulated response 

LFP (!  PSPs) 

ePSP 

fast iPSP 

slow iPSP 
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Model parameters  

Impact of the electric field: 
-1 on pyramidal cells 
- 0.1 on both types of interneurons 
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Real response (R1) 

Impact of the electric field on 
subpopulations of cells 
LF

P
 (

m
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Simulated response 

Model parameters  

Impact of the electric field: 
-1 on pyramidal cells 
-1 on both types of interneurons 
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LFP (!  PSPs) 

ePSP 

fast iPSP 

slow iPSP 



Response features vs stim. 
parameters: real data 
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Response features vs stim. 
parameters: real data (cont.) 
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Response features vs stim. 
parameters: simulated data 

Pulse intensity (mA) Pulse duration (ms) 
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Response features vs stim. 
parameters: simulated data (cont.) 
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Discussion 

¥! Main findings 
¥! We designed a neuronal population model for the cerebral cortex 

¥! We found how to ÒperturbÓ this model to reproduce the impact of electric 
field induced by stimulation 

¥! The model accurately reproduces the dynamics of LFP responses 
recorded in the rabbit under stimulation conditions 

¥! The model can predict the field impact on interneuron subpopulations 

¥! Next steps 

¥! ÒCalibrateÓ the model using the IBEB-FFCULÕs computation of the electric 
field (from Òapplied stimulus to membrane perturbationÓ) 

¥! Study how Ôplastic changesÕ influence evoked responses 

¥! Experimental validation of model predictions ? 
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From local to global level 

¥! Objective: modeling of brain dynamics 
(EEG) under stimulation condition 

¥! Strategy based on our previous 
EEG model (in the context of 
epilepsy) (Cosandier et al., NI, 2008) 

¥! Strategy also based on  
 recently published data about   
 the Òhuman connectomeÓ  
 (Hagmann et al., PNAS, 2008) 
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The approach 

¥!Structural level: neocortex anatomy, main areas and 
interconnections 

Brain 

Scalp 

Skull 

Scalp EEG 

¥!Fonctional level: network of coupled neuronal populations 

Forward problem 
(dipole theory) 

- Local Field Potentials 
- Local influence of E E E 
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Perspectives 

¥! We started the model development 
¥!High-resolution mesh of the human neocortex 
¥!Definition of functional areas 
¥!Definition of functional couplings among these areas 

¥! We still have to link both structural and functional levels 

¥! If successful, this model will be highly relevant for 
interpretation of data recorded in patients/subjects (NKUA, 
Bangor, CharitŽ Ð WP3) 

¥! If successful, this model will also be relevant for the design of 
multi-electrode stimulation systems 



Thank you for your attention 
http://hive-eu.org 


