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Non Invasive Brain Stimulation 
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C. Lafosse, KULeuven, RZ RevArte
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Non-Invasive Brain Stimulation (NIBS)
Publications
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Non-Invasive Brain Stimulation (NIBS)
Societies

Non-Invasive Brain Stimulation (NIBS)
Overview

Transcranial Magnetic Stimulation (TMS)Transcranial Electric Stimulation (TES)

tDCS (Transcranial direct current stimulation)

tACS (Transcranial alternating current stimulation)

TRNS (Transcranial Random Noise Stimulation) 

TENS (Transcutaneous electrical nerve stimulatie)

rTMS (repetitive Transcranial Magnetic Stimulation)

TBS (Theta Burst Stimulation)
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Non-Invasive Brain Stimulation (NIBS)
Overview

Non-Invasive Brain Stimulation (NIBS)
Overview
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Non-Invasive Neuromodulation 

Biophysics TMS

Transcranial Magnetic Stimulation (TMS)
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Transcranial Magnetic Stimulation (TMS)
Biophysics

Magnetic field generation and electrical current induction in brain 
(Faraday principle)

Electrical current
Magnetic flux
Electric field

Transcranial Magnetic Stimulation (TMS)
Biophysics

TMS coil designs
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Transcranial Magnetic Stimulation (TMS)
Biophysics

Effect of coil shape on induced electrical field  

Circular coil
Figure-of-eight coil

Large induced 
e-field

Focal induced 
e-field

Transcranial Magnetic Stimulation (TMS)
Biophysics

Effect of coil orientation

total induced electrical field 
orthogonal and parallel to precentral gyrus  
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From stimulus to response

From stimulus to response
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Transcranial Magnetic Stimulation (TMS)
Signal propagation

After local activation, induced neuronal activation propagates to distal areas

TMS-induced activity is not restricted  to the target brain region but 
spreads to remote brain regions

Ilmoniemi, et al. 1997
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Transcranial Magnetic Stimulation (TMS)
Stroke
Full effect of TMS signal propagation can only be understood in terms      
of full networks of neuron activation

Non-Invasive Neuromodulation 

From stimulation modes
to neuroplasticity
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Transcranial Magnetic Stimulation (TMS)
Magnetic Stimulation Modes

Transcranial Magnetic Stimulation (TMS)
Magnetic Stimulation Modes

Paired pulse

train

Continuous rhythmical 
stimulation

Burst stimulation
(TBS or Theta Burst 
Stimulation)

Stimulation by trains

pause

train pause

Single pulse
DIAGNOSTIC

THERAPEUTIC

1 pulse 
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Transcranial Magnetic Stimulation (TMS)
Effects on neural systems

Neuron level and neural signaling

Single-pulse TMS induced a 
highly (spatial) localized 
excitation of single neurons 
which interfere with normal 
task-related activity

TMS

No TMS

Single-pulse TMS induce strong oscillations in the firing rate of these neurons seen on the oscillatory activity in EEG

Transcranial Magnetic Stimulation (TMS)
Effects on neural systems

Neuron level and neural signaling

Single-pulse TMS induce strong oscillations in the firing rate of these neurons seen on the oscillatory activity in EEG

excitation and inhibition
Inhibition caused by the activation of neighboring 
inhibitory interneurons slightly later in time

The balance of these 
excitatory and inhibitory 
influences determines the 
overall “excitability” or 
activity level of a brain circuit 
or structure, or even of the 
whole brain
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Transcranial Magnetic Stimulation (TMS)
Magnetic Stimulation Modes

Single pulse stimulation Motor Cortex M1

Transcranial Magnetic Stimulation (TMS)
Magnetic Stimulation Modes

A single TMS pulse can evoke activity in the motor cortex resulting in a muscular motor response (MEP) 
that can be measured with EMG. TMS also activates different intracortical circuits within the M1 and 
connections from other cortical areas to the M1. These intracortical circuits interact with each other. 

Single pulse stimulation Motor Cortex M1 and Motor Evoked Potential (MEP)
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Transcranial Magnetic Stimulation (TMS)

Clinical applications

Single pulse TMS protocols can be used to: 

(a) assess the presence and severity of neurological impairments
(b) investigate the pathophysiology of the disease
(c) monitor disease progression
(d) evaluate the mechanism of actions of various therapeutic approaches

Transcranial Magnetic Stimulation (TMS)

Clinical applicationsGuidelines Diagnostic TMS 

36

37



16/10/2024

15

Transcranial Magnetic Stimulation (TMS)

Clinical applications

Transcranial Magnetic Stimulation (TMS)

Clinical applications
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Transcranial Magnetic Stimulation (TMS)

Clinical applications

Transcranial Magnetic Stimulation (TMS)

Clinical applications

the TMS data suggest a specific inhibitory deficit in patients with schizophrenia and hypokinetic motor 
abnormalities, i.e. psychomotor slowing and catatonia
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Transcranial Magnetic Stimulation (TMS)

Clinical applications

Transcranial Magnetic Stimulation (TMS)
Magnetic Stimulation Modes

Paired pulse

train

Continuous rhythmical 
stimulation

Burst stimulation
(TBS or Theta Burst 
Stimulation)

Stimulation by trains

pause

train pause

Single pulse
DIAGNOSTIC

THERAPEUTIC

repetitive TMS (rTMS)
Theta Burst Stimulation

10 pulses / sec

9 pulses / train
3 sec train
2 sec pause

Burst van 3 pulses
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Transcranial Magnetic Stimulation (TMS)
Magnetic Stimulation Modes

Transcranial Magnetic Stimulation (TMS)
Magnetic Stimulation Modes

repetitive TMS protocols can either temporarily increase or decrease neuronal excitability

Continuous rhythmical stimulation

• Low frequency rTMS stimulation (< 3Hz)

– Inhibitory effect

• High frequency rTMS stimulation (> 3Hz)

– Excitatory effect
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Transcranial Magnetic Stimulation (TMS)
Magnetic Stimulation Modes

Theta burst stimulation

• Continuous theta burst stimulation
– Inhibitory effect

• Intermittent theta burst stimulation
– Excitatory effect

repetitive TMS protocols can either temporarily increase or decrease neuronal excitability

Transcranial Magnetic Stimulation (TMS)
Magnetic Stimulation Modes

Neuroplasticity (LTP and LTD)
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Transcranial Magnetic Stimulation (TMS)
Magnetic Stimulation Modes

Neuroplasticity (LTP and LTD)

Transcranial Magnetic Stimulation (TMS)
Effects on neural systems

Neuroplasticity (LTP)

protein synthesis

gene transcription

change in synaptic exitability
driven by NMDA-mediated 
synaptic plasticity

modification of 
dendritic spines

synaptic changes
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Transcranial Magnetic Stimulation (TMS)
Effects on neural systems

Neuroplasticity (LTP)

protein synthesis

gene transcription

change in synaptic exitability
driven by NMDA-mediated 
synaptic plasticity

modification of 
dendritic spines

synaptic changes

Non-Invasive Brain Stimulation

Depression
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FDA APPROVED POTENTIALLY EFFECTIVE

Transcranial Magnetic Stimulation (TMS)
What is it used for?

Transcranial Magnetic Stimulation (TMS)
Depression
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Transcranial Magnetic Stimulation (TMS)
Depression

Transcranial Magnetic Stimulation (TMS)
Depression
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Transcranial Magnetic Stimulation (TMS)
Depression

Transcranial Magnetic Stimulation (TMS)
Depression
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Transcranial Magnetic Stimulation (TMS)
Depression

Transcranial Magnetic Stimulation (TMS)
Depression
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Transcranial Magnetic Stimulation (TMS)
Depression after a traumatic brain injury

Non-Invasive Neuromodulation 

Stroke
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Transcranial Magnetic Stimulation (TMS)
Stroke

Imbalanced interhemispheric activity

Grefkes et al. 2008

Transcranial Magnetic Stimulation (TMS)
Stroke

Paradoxal Functional Facilitation

Decreased ipsi-contralesional inhibition

Increased contra-ipsilesional inhibition

ipsilesional
decreased exitability

contralesional
increased exitability

decrease contralesional activity ? increase ipsilesional activity ?

excitatory high-frequency 
HF-rTMS (> 3 Hz)

inhibitory low-frequency 
HF-rTMS (< 1 Hz)

increased transcallosal inhibition
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BEROERTE (CVA)

Abnormaal
verhoogde 
hersenactivatie 
rechts

TMS VERLAAGT
hersenactivatie

TMS verlaagt
hersenactivatie 
rechts

Laag frekwente stimulatie (< 4 Hz)

CVA
links

Transcranial Magnetic Stimulation (TMS)
Stroke

Clinical study
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Transcranial Magnetic Stimulation (TMS)
Stroke

Clinical study

Transcranial Magnetic Stimulation (TMS)
in neurorehabilitation
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Transcranial Magnetic Stimulation (TMS)
in neurorehabilitation

Transcranial Magnetic Stimulation (TMS)
in neurorehabilitation
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Transcranial Magnetic Stimulation (TMS)
in neurorehabilitation

Non-Invasive Neuromodulation 

Other clinical applications
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Transcranial Magnetic Stimulation (TMS)
in neurorehabilitation

Other clinical applications

Transcranial Magnetic Stimulation (TMS)
Indications

Depression
OCD
Motor stroke: contralesional motor cortex
Motor stroke: ipsilesional motor cortex
Stroke: hemispatial neglect
Post-stroke non-fluent aphasia 
Stroke: Dysphagia
Concussion
Neuropathic pain
Non-neuropathic pain
MS
Parkinson’s disease: movement disorders
Parkinson’s disease: levodopa-induced dyskinesia
Parkinson’s disease: depression
 

Epilepsy
Dementia Alzheimer’s disease
Pelvic floor stimulation
Fibromyalgia
Visceral pain
Post-traumatic stress dsorder (PTSD)
Addictive disorders
Essential tremor (cerebellar stimulation)
Tinnitus
Addictive disorders
ASS
ADHD
Whiplash
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Transcranial Magnetic Stimulation (TMS)
Indications

Non-Invasive Neuromodulation 

Safety

77
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Transcranial Magnetic Stimulation (TMS)
Safety

Expert Guidelines TMS 

Transcranial Magnetic Stimulation (TMS)
Safety

Safety guidelines recommendations for TMS
• Patient screening

– Medical history
– Family history
– Use of medication

• Treatment dose/duration
– Max train duration of 4.2s for 10Hz rTMS at 

120% RMT
– Inter-train intervals

• Training
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Transcranial Magnetic Stimulation (TMS)
Safety

Transcranial Magnetic Stimulation (TMS)
Safety

• The risk of TMS-related seizures is < 1% overall.
• TMS has successfully been used in patients with epilepsy, traumatic brain 

injuries, and those with a prior TMS-related seizure.
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Transcranial Magnetic Stimulation (TMS)
Safety

Transcranial Magnetic Stimulation (TMS)
Safety

Based on the vast amount of safety data collected over the past 30 years, several publications, 
meta-analyses, reviews, guidelines and consensus papers have provided peer-reviewed evidence-
based assessments of the safety of TMS (see e.g., Rossi et al., 2020) as well as low output 
transcranial electric stimulation, TES (see e.g., Antal et al., 2017; 2022; Bikson et al., 2018a; b; 
Caulfield et al., 2022; Zewdie et al., 2020). Based on these data, the current scientific and
clinical evidence suggests both rTMS and low intensity TES are safe treatment and research
interventions with few and mild adverse effects. 

The prominent mentioning of rTMS/TES-related seizure risks contradicts the most recent 
consensus statement in the field based on actual clinical data which demonstrated that observed
seizure rates are so much lower than previous guidelines advised, that the prior caution about
seizure risk is no longer supported by scientific evidence (Rossi et al., 2020). 

To put this into perspective, the likelihood of a seizure from rTMS (0.003%) is lower than that 
associated with the use of antidepressants and antipsychotics (0.1-1, 5%), which are one of the 
most frequently prescribed treatments for depression (George et al., 2013). 
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Transcranial Magnetic Stimulation (TMS)
Safety

Uit het onderzoeksprotocol voor B-STARS2:
The most serious adverse effect is the occurrence of a seizure at a crude risk of approximately 0.02% per 
stimulation session, as reported in a systematic review of 67 studies with 1,040 subjects and >4,500 
sessions. (1/4500 sessions)
More common adverse events during and after TBS are transient headache and neck pain, reported by 
<3% of subjects.
CTBS treatment did not lead to seizures in our phase II trial (B-STARS). We only observed mild side 
effects, such as headache (<4%) and muscle pain (<1%) and the intervention was reported to be tolerable 
and comfortable.

Oberman, Lindsay, et al. "Safety of theta burst transcranial magnetic stimulation: a systematic review of the literature." 
Journal of Clinical Neurophysiology 28.1 (2011): 67.

Transcranial Magnetic Stimulation (TMS)
Training
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the end

thank you
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