
A few questions on the content of the 
previous lecture
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The mind-body problem summarizes ...

ⓘ Start presenting to display the poll results on this slide.
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If a method has high SPATIAL resolution, 
then it allows us to...

ⓘ Start presenting to display the poll results on this slide.
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If a method has high TEMPORAL 
resolution, then it allows us to...

ⓘ Start presenting to display the poll results on this slide.
4



Dr. Lavinia Carmen Uscătescu

Human lesion studies 
and brain stimulation 

methods

March 4th , 2024

5



Outline

1. Types of lesions and procedures

2. Inference and design in lesion studies

3. Stimulation methods: TMS and tES
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Types of lesions and procedures
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http://tinyurl.com/v98k9nh5 

Edwin Smith Surgical Papyrus 
~ 1000 BC (based on an older 
treatise ~ 3000 BC) 
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Science starts with observations

http://tinyurl.com/v98k9nh5


Phineas Gage

“He is fitful, irreverent, indulging at 

times in the grossest profanity (which 

was not previously his custom), 

manifesting but little deference for his 

fellows, impatient of restraint or advice when it conflicts 

with his desires, at times pertinaciously obstinate, yet 

capricious and vacillating, devising many plans of 

future operations, which are no sooner arranged than they 

are abandoned in turn for others appearing more feasible.” 

Harlow, (1868), pp. 13-14 

Executive functions
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Patient “Tan” (Louis Victor Leborgne)

Speech (Broca’s aphasia/ expressive aphasia)

“In the mid 1800’s, a 30-year-old French citizen named 

Louis Victor Leborgne was admitted to a hospital after he lost 

the ability to speak. He only spoke using one syllable. He would 

communicate entirely with the word “tan,” using it with different 

voice inflections and with hand gestures when appropriate. 

Because of his way of talking, he became known as “Patient Tan.””
https://tinyurl.com/25nbhhnp 

Pierre Paul Broca
(1824 – 1880)
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https://tinyurl.com/25nbhhnp


Lobotomy

Egas Moniz
(1874 – 1955)
Nobel Prize in Physiology or Medicine, 1949

Walter Freeman
(1895 – 1972)

The Anatomy of a Lobotomy

https://www.youtube.com/watch?v=L_5WrH80uUs 

https://www.pbs.org/video/lobotomy-qvkxii/ 
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https://www.youtube.com/watch?v=L_5WrH80uUs
https://www.pbs.org/video/lobotomy-qvkxii/


Patient H.M (Henry Molaison)

Memory (anterograde amnesia)

Brenda Milner

“When Milner first visited H.M., she saw that the epilepsy was now 

controlled but that his memory impairment was […] severe […]. What she 

observed was someone who forgot daily events nearly as fast as they 

occurred, apparently in the absence of any general intellectual loss or 

perceptual disorder. He underestimated his own age, apologized for 

forgetting the names of persons to whom he had just been introduced, 

and described his state as “like waking from a dream ... every day is alone 

in itself...”” (Milner et al., 1968, p. 217).
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Split brain patients

Hemispheric specialization

Ostendorf & Ng, (2017), https://pubmed.ncbi.nlm.nih.gov/28461749/ 

https://www.jstor.org/stable/24926082?seq=1 

Michael Gazzaniga
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https://pubmed.ncbi.nlm.nih.gov/28461749/
https://www.jstor.org/stable/24926082?seq=1


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6018620/ 

Lesions can be permanent or reversible
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6018620/


https://www.youtube.com/watch?v=SBKc_ncPzOo 

The Wada test

The Wada test
(intracarotid sodium amobarbital procedure)
Hemispheric specialization

Juhn Wada
(1924 – 2023) 

https://tinyurl.com/mmjs5uch 
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https://www.youtube.com/watch?v=SBKc_ncPzOo
https://tinyurl.com/mmjs5uch


Joutsa et al., (2023), “The return of the lesion for localization and therapy“, Brain, https://pubmed.ncbi.nlm.nih.gov/37040563/ 
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https://pubmed.ncbi.nlm.nih.gov/37040563/


MR-Guided Focused Ultrasound (MRgFUS)

Treatment for Parkinson’s Disease & Essential Tremor

https://www.youtube.com/watch?v=3Bwq2YxD9eU https://www.youtube.com/watch?v=xLgEcb447gA 

Deep Brain Stimulation (DBS)
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https://www.youtube.com/watch?v=3Bwq2YxD9eU
https://www.youtube.com/watch?v=xLgEcb447gA


Design and inference in lesion studies
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group studies

in neuropsychology, the performance of different 

patients is combined to yield a group average; helpful 

for establishing lesion-deficit associations.

single-case studies

in cognitive neuropsychology, the data from different 

patients are not combined; helpful for establishing 

how cognitive processes might be subdivided.

https://pubmed.ncbi.nlm.nih.gov/27355606/ 

https://pubmed.ncbi.nlm.nih.gov/3954906/ 
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https://pubmed.ncbi.nlm.nih.gov/27355606/
https://pubmed.ncbi.nlm.nih.gov/3954906/
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Single dissociation

Ward, (2020), p. 91

classical dissociation

performance on one task lies 

within the control range 

(shown by dotted lines)

strong dissociation

both tasks fall outside the 

control range, but one task 

is significantly more impaired 

than the other

In both classical and strong dissociation, one 

inference that we can make is that task A and 

task B utilize different cognitive processes with 

different neural resources.

Another inference may be that the patient simply 

performs one of the tasks suboptimally. For 

example, the patient may have misunderstood the 

instructions or have adopted an unusual

strategy for performing the task. 

Tim Shallice, in his 1988 book, “From 

Neuropsychology to Mental Structure”, termed 

this the “Task-demand artifact”.
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Ward, (2020), p. 92

Another inference may be that the two tasks 

share the same neural/cognitive resource, but 

one task uses it more, so the damage to this 

resource will affect one task more than the other.

Tim Shallice, in his 1988 

book, “From 

Neuropsychology to 

Mental Structure”, 

termed this the 

“Task-resource artifact”.



Kay and Hanley’s patient made 

spelling errors selectively on 

consonants 

(e.g., “record” → recorg)
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Double dissociation

Ward, (2020), p. 90

double dissociation 

two single dissociations 

that have a complementary 

profile of abilities

Kay and Hanley’s patient 

could write vowels better 

than Cubelli’s patient.

Cubelli’s patient (CF) could 

write consonants better than 

Kay and Hanley’s.



Stimulation methods
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Ward, (2020), p. 88 24
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Transcranial magnetic stimulation (TMS)

Michael Faraday
(1791 – 1867)

Faraday’s law of induction

in physics: a quantitative relationship 

expressing that a changing magnetic 

field induces a voltage in a circuit

Faraday's experiment showing induction between 
coils of wire: The liquid battery (right) provides a current 
which flows through the small coil (A), creating a magnetic 
field. When the coils are stationary, no current is induced. 
But when the small coil is moved in or out of the large 
coil (B), the magnetic flux through the large coil changes, 
inducing a current which is 
detected by the galvanometer (G)

https://en.wikipedia.org/wiki/Faraday%27s_law_of_induction 

Zhou et al., (2022)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9483183/ 

https://en.wikipedia.org/wiki/Faraday%27s_law_of_induction
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9483183/
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Figure 7. 
(A) Anthony T. Barker during 
demonstration of transcranial 
magnetic stimulation (TMS) 
in London, 1985. 

Figure 8. 
(A) Time-varying electric current flowing in the coil. 
(B) Time-varying magnetic field generated by electric current of
the coil. 
(C) Electric current in cortical layers induced by magnetic field is 
opposite to the electric current flow produced by coil, “Lenz’s law.” 
(D) Depolarization of cortical neurons activating the corticospinal 
tract during transcranial magnetic stimulation.

Vidal-Dourado et al., (2014)
https://pubmed.ncbi.nlm.nih.gov/23787954/ 

https://www.youtube.com/watch?v=1DI3EC2pQ44 

(B) Anthony T. Barker (right), 
Ian L. Freeston (middle), and Reza Jalinous (left) 
presenting a TMS device in 1985.

https://pubmed.ncbi.nlm.nih.gov/23787954/
https://www.youtube.com/watch?v=1DI3EC2pQ44
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TMS works by virtue of the principle of electromagnetic 

induction that was first discovered by Michael Faraday. A 

change in electric current in a wire (the stimulating coil) 

generates a magnetic field. The greater the rate of change in 

electric current, the greater the magnetic field. The magnetic 

field can then induce a secondary electric current to flow in 

another wire placed nearby. In the case of TMS, the secondary 

electric current is induced, not in a metal wire, but in the 

neurons below the stimulation site. (Ward, 2020) 

Klomjai et al., (2015), 
https://pubmed.ncbi.nlm.nih.gov/26319963/ 

https://pubmed.ncbi.nlm.nih.gov/26319963/
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TMS causes neurons underneath the stimulation site to be 

activated. If these neurons are involved in performing a critical 

cognitive function, then stimulating them artificially will disrupt 

that function. 

Although this process is described as a “virtual lesion” or a 

“reversible lesion,” a more accurate description would be in 

terms of interference. The neurons are being activated both 

from an internal source (the task demands themselves)

and an external source (the TMS), with the latter disrupting 

the former. 

Of course, if the region is not involved in the task, 

then interference would not occur in this way. (Ward, 2020)

Moliadze et al., (2003), 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2343567/ 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2343567/
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Moliadze et al., (2003)

Figure 4
Effect of TMS on visual responses to moving bars.

Visual response of a cortical neuron (simple cell) 

to a bar moving across its receptive field. 

For simplicity, only the response to one direction 

of bar motion is shown here (see inset of motion trajectory). 

A, visual stimulation alone. 

B, TMS alone. 

C and D, TMS combined with visual stimulation, 

with TMS given at two different times. 

Note that the activity evoked by TMS alone (asterisks) is 

less than the increase of visual activity during combined 

TMS and moving bar (see response components labelled 

with asterisks and diamonds). Arrows indicate the TMS artefact.
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Fig. 2. 

Simple repetitive TMS (rTMS) protocols consist of 
identical stimuli spaced by an identical inter-stimulus interval (ISI). 

Effects depend on stimulation frequency: at low frequency (LF rTMS < 1 Hz), 
rTMS depresses excitability in the motor cortex, 
whereas at high frequency (HF rTMS > 5 Hz), cortical excitability is increased. 

Theta burst stimulation (TBS) involves bursts of high-frequency stimulation 
(3 pulses at 50 Hz) repeated with an ISI of 200 ms (5 Hz). 

In an intermittent TBS (iTBS) protocol, bursts are delivered for 2 s, 
then repeated every 10 s (2 s of TBS followed by a pause of 8 s). 

However, in a continuous TBS protocol (cTBS), bursts are repeated 
for 40 s without any pause. 

Paired associative stimulation (PAS) protocols combine a 
repetitive stimulation of peripheral nerve afferents of the target muscle 
with TMS over its motor area. Intervention consists of 90 to 100 PAS.

Klomjai et al., (2015)

single-pulse TMS (including paired-pulse TMS => explore brain functioning 

repetitive TMS (rTMS) => induce long term changes in brain
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An in-depth presentation on TMS by Dr. Zhi-De Deng, staff scientist at the 
National Institute of Mental Health Non-invasive Neuromodulation Unit

https://www.nimh.nih.gov/news/media/2020/zhi-de-deng-transcranial-magnetic-stimulation-physics-devices-and-modeling 

https://www.nimh.nih.gov/news/media/2020/zhi-de-deng-transcranial-magnetic-stimulation-physics-devices-and-modeling


32

Experimental applications
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https://www.youtube.com/watch?v=i0GKbmbES08 

Potential clinical applications

Physical rehabilitation after stroke Treatment-resistant depression

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6649915/ 

https://www.youtube.com/watch?v=i0GKbmbES08
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6649915/
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7059162/ 

https://pubmed.ncbi.nlm.nih.gov/31271802/ 

https://pubmed.ncbi.nlm.nih.gov/32132973/ 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7059162/
https://pubmed.ncbi.nlm.nih.gov/31271802/
https://pubmed.ncbi.nlm.nih.gov/32132973/
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Transcranial electric stimulation (tES)

Electroconvulsive therapy (ECT)

Illustration: Siemens’ new electrodes relaying on 
Braunmühl’s recommendations. Source: picture dated 1
955, used in an advertising brochure in 1957, Siemens 
MedArchives, Erlangen, Germany.

https://tinyurl.com/56u99uf4 

https://tinyurl.com/m6a88up 
See also https://www.youtube.com/watch?v=LPBTEHYlZK4 

https://tinyurl.com/56u99uf4
https://tinyurl.com/m6a88up
https://www.youtube.com/watch?v=LPBTEHYlZK4
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Ward, (2020), p. 110

Unlike ECT, where the voltage used is higher 

(70 to 120 volts, for a duration of 100 milliseconds 

to 6 seconds), tES uses a very weak electric 

current passed between two stimulating pads. 

https://pubmed.ncbi.nlm.nih.gov/21819181/ 

https://pubmed.ncbi.nlm.nih.gov/21819181/
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Bhattacharya et al., (2021), https://pubmed.ncbi.nlm.nih.gov/34238393/ 

https://tinyurl.com/mw6t2cjz 

https://pubmed.ncbi.nlm.nih.gov/34238393/
https://tinyurl.com/mw6t2cjz
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Ward, (2020), p. 111

Cathodal tDCS stimulation tends to disrupt performance 

(i.e., it is conceptually equivalent to a virtual lesion approach).

Anodal tDCS stimulation tends to enhance performance. 

After a period of stimulation (e.g., 10 min) a cognitive task is performed 

and this can be compared with sham stimulation, or anodal and 

cathodal stimulation can be directly contrasted.

Yamada & Sumiyoshi, (2021)
https://pubmed.ncbi.nlm.nih.gov/33613218/ 

https://pubmed.ncbi.nlm.nih.gov/33613218/
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Cathodal tDCS stimulation tends to 

disrupt performance.

Anodal tDCS stimulation tends to 

enhance performance.

Rozisky et al., in Rogers (2015), p. 65 
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https://pubmed.ncbi.nlm.nih.gov/33658972/ 

Figure 1 Presynaptic mechanisms result in glutamate release 
that activates AMPA/NMDA receptors, modulates BDNF release 
and interaction with tyrosine kinase (TrkB) receptor, responsible 
for a cascade of intracellular events that lead to de novo protein 
synthesis. 
Electrical stimulation also modulates activation of astrocytes 
and neuroinflammatory response. 
Altogether, these mechanisms may underlie the establishment 
of LTP/LTD.

https://pubmed.ncbi.nlm.nih.gov/33658972/
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Bhattacharya et al., (2021), https://pubmed.ncbi.nlm.nih.gov/34238393/ 

https://pubmed.ncbi.nlm.nih.gov/34238393/


https://pubmed.ncbi.nlm.nih.gov/26008885/ 

https://pubmed.ncbi.nlm.nih.gov/32062142/ 

Computational approaches
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https://pubmed.ncbi.nlm.nih.gov/26008885/
https://pubmed.ncbi.nlm.nih.gov/32062142/


Let’s visualize some stroke lesions

Their code and data are freely available at:

https://github.com/dorianps/LESYMAP

(isn’t open science wonderful?!) 

Use this open-source software to load 
neuroimaging files for visualization

First download the structural file

(the template on which we can

visualize the lesions)

Then download the lesion files

(you can choose any of the 131

files/patients available)
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https://github.com/dorianps/LESYMAP


Zoom link available here: 
https://stiinta-cercetare.ro/event/lavinia-uscatescu/ 

Come to my talk ☺

It will be in Romanian

(but I am happy to explain everything in 

English as well, if necessary, just let

me know).
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https://stiinta-cercetare.ro/event/lavinia-uscatescu/
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