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Outline

The very basics:

1. What is EEG

2. Introduction to the biophysics of EEG
3. Origin of EEG signals

4. What we measure with EEG
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A brief history of EEG

Hans Berger reported the first non-invasive
human EEG in 1924

Established measurement
Known canonical signals
Standardised measurement schemes 1s

Emerging technology MMWMNWWW

Advanced analyses and (open-access) software
Massive investment in R&D
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Examples of EEG




EEG data

Unit: microvolts (1V)
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EEG data: a multitude of possible measures

Spontaneous activity

» Oscillatory activity: Delta, Theta,
Alpha, Beta, Gamma

» Broadband features

"Events”

Evoked responses
Event-related potentials (ERP)
All sensory modalities

Induced responses
Event-related modulation of
oscillations

All sensory modalities

Brain stimulation

Frequency tagging
Coherence to motor / kinematics
Most sensory modalities




Examples of EEG: Brain response to stimuli

Event-related potentials Event-related frequency responses

Visual event-relaled potemial (ERP)
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Examples of EEG: epileptic spike detection
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Examples of EEG: Sleep stages in EEG

Sleep stage

Awake
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Sleep spindle
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EEG in the neuroimaging landscape
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EEG and other imaging techniques

EEG

Measure electric potential
at the scalp

High temporal resolution
(sub-millisecond)

Relative non-invasiveness
A} \ \ T\ \ ) \} 1 \

Low spatial resolution® .«

Martin & Huettel (2022)
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“The brain electrophysiology family” , Greiner et al. (2016)
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Biophysical origin of EEG signals

From single cells to scalp potentials



passively flows down axon.

response to stimulus, generating
an action potential here.

? Na* channels locally open in ?Same depolarizing current

Local depolarization causes neighboring
Na" channels to open and generates an
action potential here.

Upstream Na™ channels inactivate, while
channels open. Membrane potential
repolarizes and axon is refractory here.

The process is repeated, propagating
the action potential along the axon.

Purves (Neuroscience 6th Ed)



(A) Myelinated axon Oligodendrocyte . (B)
Node of Ranv &

noes

Purves (Neuroscience 6th Ed)



Presynaptic
action potential
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Postsynaptic potentials
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Jackson and Bolger (2014)



Extracellular currents

i
NP

Return currents

+

Pyramidal neuron




Extracellular currents

Jackson and Bolger (2014)



Extracellular currents

Buzsaki et al. (2012)



Interm summary

* Electricfields generated by the bioelectric
properties of neurons

 Temporal dynamics in the form of AP and
PSP

e Extracellular fields

* The electric fields decay rapidly over
spatial distance



The equivalent current dipole (ECD)

Summation of currents in the head



(A)

Cortical surface

Apical|dendrites

Basal Somas

dendrites

Axons




Summation of currents

6 mA

6 mA



Summation of currents

6 mA

6 mA

9 mA



Summation of currents

6 mA

6 mA

6 mA

9 mA
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Spatial summation

Positive

Negative



Spatial summation of currents

The ordering of the pyramidal neurons
creates good conditions for seeing the
summation of post-synaptic potential,
but not the action potentials




Spatial summation of currents

The ordering of the pyramidal neurons
creates good conditions for seeing the

summation of post-synaptic potential,
but not the action potentials

Cortical surfac/
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Basal Somas
dendrites
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A matter of scale
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Temporal summation




TEMPORAL Summation of currents
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TEMPORAL Summation of currents

1 action potentials 1 post-synaptic potentials
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Simulation coutesy of L.M. Andersen



TEMPORAL Summation of currents

10 action potentials 10 post-synaptic potentials
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TEMPORAL Summation of currents

100 action potentials 100 post-synaptic potentials
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TEMPORAL Summation of currents

1000 action potentials 1000 post-synaptic potentials
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TEMPORAL Summation of currents

10000 action potentials 10000 post-synaptic potentials
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What can we measure outside the head?

Single neurons can only be seen
with intracranial recordings, but
generate signals many orders

too weak to be seen outside the
head

We measure the SPATIAL and
TEMPORAL summations if
there are “many” neurons firing
at the same time?




What can we measure outside the head?

Field signal

Voltage

Time




What are the single neurons doing?

)



What are the single neurons doing?

Neuron-1 AN ANAN AN
AUAN JANAN AN
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Neuron-2

Neuron 3/\ /\/\_,
Neuron 4 J\ ANTAN
Neuron-5 J\ Z\ /\ >




What are the single neurons doing?

Neuron‘./\ A\ AN J\ >
J AN AN AN AN AN AN AN AN

Neuron-2 >

Neuron 3/\ AN AN /\/\_— J\ J\ X
Neuron 4 AN J\
Neuron ‘-1/\ J\ J\ J\_— >

2




How can cellular electrical captivity be recorded?
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Summary: What we measure (and what we don’t)

\% Field signal
PSPs 5 |

%

“BEvoked” activity

Voltage

EEG measures the activity of populations of
(primarily) pyramidal neurons in the cortex.

Ascending Brain sterm
afferents afferents

Pfurtscheller & Lopes da Silva (1999)



Discussion

Under what circumstances is the ECD a
good approximation and under what
circumstances is it not?

Field signal

Voltage

Time

Jackson and Bolger (2014)



BIO-ELECTRIC FIELDS IN A VOLUME

What we actually measure with EEG



Electric currents in a volume

EEG measures the electric field at the scalp




Electric currents in a volume

Conductivity in Materials
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Jackson and Bolger (2014)



Electric currents in a volume

Conductivity in Materials

. Positive Charges
@ Negative Charges

Resistivity ©Carsten Wolters




Volume conduction
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Volume conduction

W= 597 L = 360



Volume conduction




Volume conduction




Volume conduction
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EEG 57 msec

Question: where is the i
dipole (most likely) ) B
located?



The inverse problem

EEG 57 msec

02-Feb-2018 N =
time=[0.057 0.057] @
avg=[-2.01e-06 1.94e-06]




The inverse problem

EEG 57 msec

02-Feb-2018 N =
time=[0.057 0.057] @
avg=[-2.01e-06 1.94e-06]




The inverse problem

For any measures scalp potential there is an infinite number of possible
source configurations

EEG 57 msec

02-Feb-2018 N =
time=[0.057 0.057] @
avg=[-2.01e-06 1.94e-06]




The inverse problem

* For any measures scalp potential there is
an infinite number of possible source
configurations

e Careful interpretation on the relation
between scalp potentials and neural
generators
* Spatial location can be deceiving
» Single dipole? -> probably ok

e Use prior information to interpret signals

* Importance of experimental design



More than one ECD?



Superimposition of sources

EEG electrode

™~

~/

source



Superimposition of sources

El

E2

2
>y

E3

Kappenman & Luck (2012)



Superimposition of sources

Electnc

Hari & Puce (2017)



Superimposition of sources: the case of resting state alpha activity

B. EEG lead field entries for alpha sources in the left hemisphere

3D head model,
EEG electrodes
& alpha sources

[+
LT
QL=
52
2LE
g2
<E
g2
occipital ..
parietal
sensorimotor
temporal
locations of

alpha sources

Schaworonkow & Nikulin (2022)



Superimposition of sources: the case of resting state alpha activity

3D head model,
EEG electrodes
& alpha sources

ht hemisphere

)
B
@

=
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£
@
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=
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rig

occipital -

parietal
sensorimotor
temporal

_ locations of
alpha rhythm contributions alpha rhythm contributions alpha sources
eyes open eyes closed

Schaworonkow & Nikulin (2022)



Superimposition of sources

Measurement

Generators




Superimposition of sources




EEG signals (and more)




Physiological artefacts

Brain activity few pv

Brain “noise” 10-50 pv

Physiological noise 10-1000 pVv
EEG

i

Eye-movement
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Eyeblink
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bl

Cardiac
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Observed EEG signal
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EEG signals (and more)

Measurement




Summary: the electric field at the scalp

Unit: microvolts (1V)

e Specific to location of

electrodes
w
e Summation of electric fields: GCJ
* Signal of interest (task relevant) %
e Brain noise =
&)
* Physiological noise/artefacts G
° 1 1 LLl
Environmental noise i)
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Time



Discussion

In small groups, take turns

to present an idea for an

EEG study you would like to

do (or perhaps already are

working on).

 What is your topic of
interest?

e How do you think EEG
can be used to
understand the topic?
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Basic EEG instrumentation

How we measure electric fields at the scalp



Electrodes

Electrode: A conductor used to establish electrical contact
with a nonmetallic part of a circuit
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Electrodes

1-0.2=0.8

AN

. Electric potential, the amount of work needed
to move a unit charge from a reference point to
a specific point against an electric field

. An electric potential is only meaningful relative
to a reference point




Electrodes

1-(-0.8)=1.8

v

. Electric potential, the amount of work needed
to move a unit charge from a reference point to
a specific point against an electric field

. An electric potential is only meaningful relative
to a reference point




EEG circuit

Amplifier

www.biosemi.com



Electrodes

EEG 57 msec Positive voltage (relative to ref.)

Electric Potential (V)

02-Feb-2018 5
time=[0.057 0.057] <
avg=[-2.01e-06 1.94e-06]

Negative voltage (relative to ref.)



Electrode gel
\

Image from www.brainlatam.com



Data sampling

Signal (10Hz)
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EEG data

Unit: microvolts (1V)

segment 1/976, time from 0 to 0.996 s

EEG channels
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