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Evolution of the Nervous System

• 100 lightning strikes per second globally

• Sets up background noise level

• Solutions evolved to achieve reliable signal 
transmission

– Bandpass filters – e.g. thresholds

– Integrate signal over time

– Go digital

• Nervous system is digital-analog hybrid
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Neuromodulation & ‘Electroceuticals’

• Neuromodulation
– the application of electromagnetic fields to affect 

the nervous system
• spinal cord stimulation for chronic back pain

• vagus nerve stimulation for epilepsy

• Electroceuticals paradigm (GSK, DARPA)
– an ambitious program to decipher signaling 

through the nervous system and build devices to 
modulate it at will



The Weiss-Lapicque Equation
Simple solution to 19th century puzzle
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𝐼𝑡ℎ = 𝐼𝑟ℎ(1 +
𝜏𝑐ℎ

𝑝𝑤
)     (1)

Threshold current is measured externally through intervening tissue



Relative Strength-Duration Curve
Relative to geometry, conductivities, electrode array, waveform



COMSOL Model of Spinal Cord Stimulation



Holsheimer active fiber model
Based on Hodgkin-Huxley model of the squid giant axon (Nobel Prize 1963) 

Wesselink et al. A model of the electrical behaviour
of myelinated sensory nerve fibres based on 
human data. Med Bio Eng Comp 1999, 228-235.



Electric potential and 2nd difference along the axon



Absolute Strength-Duration Curve

An absolute strength-duration plot of different diameter nerve fibers (legend) calculated from the 
Weiss equation in which 2nd differences of electric potential along the axons (y-axis), as predicted in a 
COMSOL FEM, are substituted for potential measured at the electrode, the traditional method. 
X-axis: duration of stimulating pulse.



Effect of scarring under electrode array on spinal 
cord stimulation



Vagus nerve stimulation for epilepsy



Finite Element Modeling
A tool as important as the telescope or microscope
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