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Overview

Why use brain stimulation?

TMS and tES

A Mechanism

A Protocols

A Safety

A CBU equipment

Combined neuroimaging: TMS-fMRI
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Motivation

Common experimental approach: manipulate presented stimuli as
iIndependent variable, measure neural activity

Speech > Non-Speech
Non-Speech Noise >
Noise Silence

nght

Activity in some areas is stronger for speech than noise, but are these
areas necessary or causal?

MRC Cognition and Brain Sciences Unit DaViS & JOhnsrUde 2003



Motivation

TMS approach: selectively o0disrupt

compare changes in behaviour (and potentially neural activity) to a
control region/session

Speech > - Non-Speech
Non-Speech Noise >
Noise Silence

right

If TMS results in a relevant behaviour change, indicates that this
region is important
MRC Cognition and Brain Sciences Unit DaViS & JOhnsrUde, 2003



Motivation

TMS approach: selectively o0disrupt

compare changes in behaviour (and potentially neural activity) to a
control region/session

Speech > - Non-Speech
Non-Speech Noise >
Noise Silence

right

How can we established causation? (Bergmann & Hartwigsen, 2021)
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Part 1

Transcranial magnetic
stimulation (TMS)
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What is TMS?

0 Cl as s ii dM3 to tdeivipual cortex disrupts perception of visual
stimuli when applied ~100ms after stimulus onset
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Amassian et al. (1989)
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What is TMS?

TMS relies on basic principles of
el ectr oma gne t1 s m ( Time-varying Time-varying Induced current

current in coil magnetic field in conductor

A Electric charge stored in a capacitor is discharged producing a brief,
high-current pulse in a coil of wire.

A Electrical current momentarily generates a magnetic field.
A Magnetic field can reach up to about 2T and lasts approx. 100 ps

A Magnetic field penetrates scalp and skull - induces a current in the brain in
a direction opposite to the original current in the coil.

A More accuratelyi it r anscrani al magnetically i
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What is TMS?

The electric field induced is perpendicular to the magnetic field

Right Hand Rule

Thumb Points
in Direction of
Current Flow

/

\\ Fingers Point
in Direction of
Magnetic Field

\Currem-Carrylng Wire

MRC Cognition and Brain Sciences Unit



What is TMS?

The shape and depth of the electric field is dependent on the coil type, with
less focal fields penetrating deeper (Hallet, 2007; Deng, 2013)
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NB: field strength can be less than half strength after only ~2 cm! (Barker,
1999)
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of cell membranes.

A When the direction of the current is across the membrane, the induced
current depolarizes cell membranes - eliciting action potentials.

A Currents induced by TMS will most likely stimulate nerve fibres that align
tangential to the scalp.

A Stimulation occurs at a lower threshold where axons terminate, or bend
sharply, in the relatively uniform electric field induced by TMS stimulation.

llmoniemi et al. (1999)
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What is TMS?

Stimulation is dependent on the
orientation of axons and
dendrites with respect to the
magnetic field

In the case of single pulse over
M1:

A Cortical neurons at bends,
terminals, and branches

A The axons of pyramidal cells
projecting from the bank of
the precentral gyrus to the
spinal cord
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llmoniemi et al. (1999)



What is TMS?

Stimulation is dependent on the
orientation of axons and
dendrites with respect to the
magnetic field

In the case of single pulse over
M1:

A Because of the usual
orientation of the motor

cortex, a 45 degree angle is
the most likely to produce an
MEP

A However, there is some TMS pulse MEP
variation across subjects
1mV|

(Balslev, 2007)
25ms Mills et al. (1992)
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Stimulation protocols

Characterised by five main factors:
Intensity (%)

Frequency (Hz)

Duration (ms)

Inter-train interval (ms)

Online or offline

To To Do To o
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Intrinsic muscle of tha left ham Intrinsic muscle of the right hand
(left first dorsal interosseus muscle) (right first dorsal interosseus muscle)

Intensity

\TMS of the right MI-NANy &TMS of the left M1-HAND /
ReStI ng mOtor th reShOId (Optlmnl currant direction in the coll: anterior-to-posterior current flow h

' Approximate location of M1-HAND: S c¢m lateral and 0-1 ¢m anterior
'\ relative to the vertex )

A Coil orientation must be 45°, coil handle posterior, coil surface orthogonal
to skull

A Stimulate at a low level to show the participant what to expect

A Then, Rossini et al. (2015) method, participant hand relaxed
A Start around 35% maximal stimulator output (MSO)
A Increase by 5% until you consistently evoke MEPs with
peak-to-peak amplitudes of >50 pVv
A Reduce by 1% until you no longer induce 10/20 >50 pV
A This value plus 1 is the RMT

Groppa et al. (2012)
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Stimulation protocols

Single pulse TMS

A Good temporal specificity

A Single pulse effects are not thought to last long beyond the time of stimulation
(Pascual-Leone et al., 2002)

A Can for example be used for mapping of motor cortical outputs or studying motor
conduction time

Paired pulse TMS (Inter pulse interval 1-100ms).
A Inter pulse interval 1-100 ms
A Delivered to a single target or two different brain regions using two different coils

A Timing can be varied to selectivity stimulate inhibitory or excitatory neurons
(Fitzgerald et al., 2006)

A Interval of 3 ms - excitatory
A Interval of 1.5 ms - inhibitory
A Can for example be used to study cortico-cortical interactions
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Stimulation protocols

Repetitive TMS (rTMS)
Low frequency rTMS (<1Hz) reduces excitability

10s
I |
ik ;
I I I | | | | | | | |___- 10 s of ITMS at 1 Hz
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13

High frequency rTMS (>5Hz) increases excitability (Padberg et al., 2007)

10 s

Rossi et al. (2009)

MRC Cognition and Brain Sciences Unit



Stimulation protocols

Repetitive TMS (rTMS)
However, in a recent meta

analysis (Beynel et al., 2019)

' A 10Hz and 20 Hz disrupted
I I I | I I I I I I l . accuracy and slowed down
T reaction times

A No effects with 1 Hz or 5 Hz

Rossi et al. (2009)
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Stimulation protocols

Patterned TMS (rTMS)
Repetitive application of short rTMS bursts at a high inner frequency
interleaved by short pauses of no stimulation

ge (0 puben e 20 Hz application (trains of 2 s

- B - interleaved by a pause of 28 s)

Rossi et al. (2009)
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Stimulation protocols

Theta burst stimulation (TBS): Based on natural firing pattern of
pyramid cells in hippocampus (Kanel & Spencer, 1961) - theta-

frequency pattern of neuronal firing

Three pulses of stimulation are given at 50 Hz, repeated every 200 ms
(5 Hz)

A
iTBS
— 25 —b ITBS: 2s train repeated every
LT LTE 111111 | 111 10s for 190s (600 pulses)
« 10s »

ImMTBS: 5s train repeated every

|mTBS
”""m|||||||||||||||| |||||| 15s for 110s
cTBS cTBS: 40s uninterrupted train

L e
(Huang et al., 2005)
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Stimulation protocols

Continuous theta burst (cTBS):

A Depression of cortical excitability
A Reduction in MEP amplitudes

A Impaired behaviour?

Intermittent theta burst (CTBS):
A Increase in cortical excitability
A Increase in MEP amplitudes
A Facilitated behaviour?
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Stimulation protocols

However, cTBS vs. iTBS might not be as clear cut

A Hamada et al. (2013): large interindividual variability (in both directions)

A 45 cTBS B 45 . iTBs

Normalized amplitudes

B TO T5 T10 Ti15 T20 T25 T30 B TO T5 T10 Ti15 T20 T25 T30
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OVirtual | esi ono?

How usef ul | s t he (Miniessi en
al., 2010)

A TMS often described as inducing a temporary
reversible lesion in the stimulated area

A If this is correct, how can TMS sometimes lead
to enhanced performance? (Harris et al., 2008b)

A Does TMS suppress neural signals, or does it
add random neural noise in the stimulated
area?

A Adding noise may enhance performance if the
induced activity is synchronised with a weak
underlying signal
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Where to stimulate?

(Bolignini& Ro, 2010)

2 Vv ~ N 2
Neuronavigation EEG 10-20 Anatomical Functional
NN Reference Measures
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What is the best control?

Meteyard & Holmes (2028)
https://tms-smart.info/
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