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Transcranial brain stimulation: Magnetic vs electric



Quasistatic approximation

Core assumption
Frequency is low ( 10 kHz), such that ,Ḻ„, that is‐‫ 
displacement currents negligible; tissue behaves purely 
resistive

Practical implication
E-field ╔►ȟὸ ╔π►ɇύὸsolution can be factored into a 
temporal waveform ύὸand a static spatial distribution
╔π►
The waveform modulates the amplitude of the whole 
spatial map up and down uniformly



Numssen et al., Imaging Neurosci , 2024

Dose components captured by E -field models



Dannhauer et al., Biol Psychiatry , 2025

Modeling pipeline



Electrical conductivities

Commom electrical conductivity values 
used in tES and TMS modeling

Vaveats : historically, measurements of 
tissue conductivity has been sparse , 
individual variation not accounted for , 
as is tissue heterogeneity, frequency 
dependence, nonlinear effects, age 
effects, hormonal effects, etc .

Nevertheless, using these approximately 
correct values has been shown to have 
been useful for model comparisons

Tissue/material Conductivity 
(S/m)

Scalp/skin 0.465

Skull 0.01

Cerebrospinal fluid 1.65

Gray matter 0.276

White matter 0.126

Fat 0.025

Saline -soaked sponge 1.4

Electrolyte gel 0.3ς8

Electrode/coil metal 
conductor (copper)

5.8 107



Inter -subject variability in tDCS

24 males, age 38.6 +/ - 11.2

Individual FEM models of motor tDCS
(C3 anode, Fp2 cathode)

Large differences in ŜŀŎƘ ƛƴŘƛǾƛŘǳŀƭΩǎE-
field distribution

Laakso et al., Brain Stimul , 2015



Inter -subject variability in tDCS

Variations in E -field in hand motor area 
could be characterized by normal 
distribution with standard deviation of 
approximately 20% of the mean

CSF thickness was primary factor 
ƛƴŦƭǳŜƴŎƛƴƎ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ 9-field, 
thereby explaining 50% of inter -
individual variability

Laakso et al., Brain Stimul , 2015



Inter -subject variability in tDCS

62 FEM models

16 electrode montages including motor 
cortical, frontal, and extracephalic tDCS

Group -level E -fields mapped onto a 
common space

άwŜǎǳƭǘǎ ǊŜǾŜŀƭ ǘƘŜ 9-fields and their 
variability at the group level in the 
standard brain space, providing insights 
into the mechanisms of tDCS for 
ǇƭŀǎǘƛŎƛǘȅ ƛƴŘǳŎǘƛƻƴΦέ

Laakso et al., Neuroimage , 2016Shibaraku
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Electroconvulsive therapy (ECT)



1 Current amplitude control
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1 Computational electric field modeling
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Deng et al., J Neural Eng , 2011; Lee at al., Eur Psychiatry , 2016

High current amplitude contributes to side effects



1 Fixed current amplitude contributes to variability
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For constant -current stimulation, we suggest 

that, in general clinical practice, the range of 

the threshold for seizure elicitation may be 

as wide as 40 -fold .
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Deng & Abbott, BRAIN Initiative U01 MH111826 
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Argyelan et al., eLife , 2019
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Deng et al., Mol Psychiatry , 2023
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Abbott et al., Am J Geriatric Psychiatry , 2021
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Lower amplitude 
comprises efficacy
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Higher amplitude 
associated with 
cognitive impairment

C
o

g
n

iti
ve

im
p

a
ir
m

e
n

t

Deng et al., Mol Psychiatry , 2023



Abbott et al., Neuropsychopharmacology , 2024
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