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1 - How neural fields relate 
to experimental data



Electroencephalography - EEG

EEG relects the summation of synaptic currents at the level of pyramidal 
neurons, easily obtained in neural field models.

1: Nunez and Srinivasan, Scholarpedia, 2007.
2: Malmivuo and Plonsey, 1995.



Functional magnetic resonance imaging - fMRI

• Blood oxygen level dependent (BOLD) 
fMRI distinguishes between oxygenated/
deoxygenated blood.

• Excellent spatial (cubic mm), but poor 
temporal (s), resolution. 

Arthurs et al., Trends Neurosci., 2002.
Sotero and Trujillo-Barreto, Neuroimage, 2008.



2 - Understanding how magnetic 
fields interact with brain activity



Bioelectromagnetics:understanding how 
electromagnetic fields interact with biological systems

Time-varying MF

Induction of electric fields and 
circulating currents in biological 
systems

Functional outcomes:

Brain activity
Motor control
Cognitive functions



Effects of 60Hz MF exposure on 
human neurophysiology

• No effect detected on the EEG1,2 at 1.8 mT.

• Impairment of short-term learning in a memory task3 at 3 mT.

• Modulation of functional brain activation during a finger 
tapping 

4 task (1.8 and 3 mT) and a mental rotation 
4,5 (3 mT).

1Legros et al., REE, 2010.
2Legros et al., EJAP, 2011.
3Corbacio et al., Bioelectromagnetics, 2011.
4Legros et al., CIGRE and Electra, 2011.
5Miller et al., BEMS, 2011.

Previous research in our group at 60 Hz has shown that:



Effects of 60Hz MF on fMRI

• Higher post-exposure task induced activation after 1 hour of 
exposure to a 60 Hz, 3 mT MF as compared to SHAM (S1, cerebellum) - 
consistent in 2 studies1,2

Post- minus pre- SHAM (n=11) Post- minus pre- EXP (n=9)

1 Legros et al., Electra, 2011
2Johansen-Berg et al., Neuroreport, 2000

• Main limits: small effect, to be confirmed by adding EEG; performance 
monitoring needed by adding EMG.



Large-scale model of electric field/
brain tissue interaction

• Connectivity pattern between neural 
population derived from 
neuroanatomy.

• The model can reproduce a wide 
variety of activity patterns depending 
on synaptic function response 
parameters.

Top left figure adapted from Wendling et al, Eur. J. Neurosci, 2002.



Interaction between neuron 
membranes and electric fields

• Electric fields can depolarize/depolarize 
neuron membranes, depending field and 
fibers orientation. The perturbation in 
membrane potential writes as1

• The perturbed EEG simply writes as:

1: Molaee-Ardekani et al., Brain Stimulation, 2012.
2: Radman et al., Brain Stimulation, 2009.



Model results - effects of 60 Hz 
MF exposure on EEG alpha power

EEG power spectrum depending on the amplitude of MF-induced membrane 
depolarization (100 runs of 10s):

ΔV=0.7 mV ΔV=1.5 mV ΔV=3 mV

EEG alpha power decreases as pyramidal neurons depolarization 
is increased, theoretically resulting in an increase in BOLD1, 
possibly underlying observed fMRI data after 60 Hz MF exposure.

.

1: Ritter et al., Human Brain Mapping, 2009.



3 - Designing new brain stimulation 
therapies using neural field models



DBS for Parkinson's disease

• > 80,000 patients worldwide.

• 130-180 Hz, 24/7 stimulation.

• Battery life approx. 4 years.



DBS for Parkinson's disease

(from Johns Hopkins Parkinson's disease and Movement Disorders Center)



DBS for Parkinson's disease

(from Johns Hopkins Parkinson's disease and Movement Disorders Center)



Improving DBS: closing the loop

• We have used a neural 
field model simulation 
cortical activity in 
Parkinson's disease. 

• Adaptative stimulation 
aiming to attenuate 
specific frequencies of 
neuronal activity.

• Technique based on 
continuous time/
frequency analysis of 
ongoing activity.

Modolo et al., Front. Neurosci., 2010



Results - Neural field model
• We have tested this closed-loop stimulation technique in silico on a 

neural field exhibiting pathological activity (10 Hz oscillations):

Modolo et al., Front. Neurosci., 2010



Results - Neural field model

Modolo et al., Front. Neurosci., 2010



4 - Future Prospects



EEG/fMRI/NFT to investigate 
interaction mechanisms

• EEG has an excellent temporal resolution (sub-ms), but poor spatial resolution (square 
cm); the opposite of fMRI (several seconds, cubic mm), therefore combined EEG/fMRI 
overcomes respective limitations.

Functional brain activation - periodic 
muscle contraction

Corresponding EEG/EMG

Pilot data acquired by the Bioelectromagnetics group, 2011.



Effect of 60 Hz on synaptic plasticity 
implications for therapy

• Effects on spike timing shown experimentally and theoretically, potential 
interaction mechanism underlying our results1.

• Problem: most synaptic plasticity rules are time-based (e.g., STDP).

• Recent introduction of synaptic plasticity in NFT, by relative phase between 
pre- and postsynaptic firing rates 2,3.

• Other possibility: introducing concentration of post-synaptic Ca2+, regulating 
trafficking of NMDA receptors in NFT4.

• Translating modulations of plasticity by 60 Hz MF to therapy (e.g., 
normalization of pathological synaptic plasticity).

Reato et al, J. Neurosci., 2010.
Robinson, J. Theor. Biol. 2011.
Izhikevich, Neural Comput., 2003.
Shouval et al., Biol. Cybern., 2002.



Results - spiking neuron model

21Modolo et al., Math. Model. Nat. Phenomena, 2010.26


