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Week 1: Transcranial Magnetic Stimulation 
 
Lecture 1 28.02.17 
 
Transcranial Magnetic Stimulation (TMS): non-invasive technique to create virtual cortical 
“lesions” 

• lesions are temporary, reversible and localised (at a far smaller scale) 

• enables us to better understand the functioning of specific brain regions 
 
E.g. Phineas Gage: 1823-1860 – An American railroad construction worked, who suffered a 
serious injury by an iron rod piercing his head and frontal cortex.  
  
Issue with using patients:  

• H.M: removal of parts of patient’s hippocampus, parahippocampal gyrus and 
amygdala led to severe anterograde amnesia  

• Lesions in Broca and Wernicke areas have been linked to impairments of speech 
production and language comprehension, respectively.  

• Lesions in single, specialised areas are rare.  

• Recovery and brain plasticity might compensate for lesions over time. 
 
Method:  

• applied externally, using a coil placed on the scalp that produces a rapidly changing 
magnetic field to induce currents in the brain  

• these currents can depolarise neurons in a small, circumscribed area of cortex  

• TMS-induced current causes neurons to fire randomly, increasing the level of neural 
noise, thereby masking neurons that are firing correctly 

 
Development: 

• Fritsch and Hitzig – electrically stimulated cortex of animals  

• D’Arsonval – discovered that magnetic stimulation of the visual cortex can elicit 
“phosphenes” (stars) 

•  Magnusson and Stevens – developed the first “head coil” covering the entire head 
(not very precise, painful – can simulate all the nerves on your face too)  

 
Current technique: 

• Barker, Jalinous and Freestone (1985)  

• Great advantage of not being painful!  

• Far more precise  

• to create the current pulse, which is required to generate the magnetic field, a 
capacitor is charged and then suddenly discharged 

 
rTMS: repetitive TMS, charging and discharging one after another  

• creates a fast sequence of pulses  

• to create a magnetic field strong enough, very fast loading times (~100-200 
microseconds) and short durations (<1ms) are required  

• ‘figure-eight’ coil 
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Coils: 

• difference in type and precision of stimulation generated 

• figure-eight coil generates a magnetic field in the opposite direction, thereby 
generating offset current loops that also circulate in the opposite directions 
 more focal area of cortex stimulated (compared to round coil) 
- advantage is that researchers have a very clear idea what part of the cortex was 

affected  

• 3-4mm radius 
 
TMS in research: 

1) The injection of “neural noise” approach: using single-pulse TMS to destroy cognitive 
processing.  

• If a single TMS pulse to a specific region of the cortex disrupts a cognitive 
function, this is a powerful demonstration of its causal involvement in this 
process.  

• Tests for causality!! (impossible using other neuroimaging techniques relying 
on correlations) 

• Done by interfering with the process of interest at exactly the time window 
during which the regions are required, e.g. to delay movements or disrupt 
visual processing  inducing “neural noise. 

• Regions do not stop working completely, but “neural noise” interferes with 
normal functioning.  
 

Study 1: 

• 3 alphabetical letters as stimuli presented under difficult viewing conditions 
using illuminated frames/backgrounds. 

• Magnetic stimulation applied ~ 2cm above the inion over the visual cortex.  

• Effects on letter perception were investigated when varying the interval 
between visual stimuli and time point of stimulation. 

• It was found that during a critical period (40 – 120ms) stimulation affected 
detection performance.  

– Point where the primary visual cortex has that information and 
needs to process it in order for you to be aware of it.  

• When shifting the stimulation site from left to right, perception of letters in 
the contra-lateral visual field was predominantly impaired (right hemi-field 
was presented on the left of the primary visual cortex). 

• When moving the stimulation from top to bottom at midline and letters were 
displayed vertically, stimulation above the reference line suppressed letters 
at the bottom. 
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