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Principal experimental
approaches using NTBS

Bergmann et al. 2016 Neuroimage



Neuroimaging and 
electrophysiological techniques
for combination with NTBS



Temporal and spatial resolution of
neurostimulation and 
neuroimaging/electrophysiological
techniques

Siebner et al. 2009 Brain Stimulation



Neuroimaging and 
electrophysiological techniques
may inform NTBS about…



Neuroimaging and 
electrophysiological techniques
as readouts of NTBS effects



Combining NTBS and imaging



1. Localization of target areas



2. Links between structure
and function

- correlation of atrophy and 

TMS-induced changes

- Source based morphometry

- N=17 (MCI-AD) + 17 HC
• Mann-Whitney U test, Spearman Rank-Order 

Correlation



3. Exploring neuroplasticity
and reorganization after NTBS

Study: Brain plasticity, compensatory patterns

and their modulation by noninvasive brain 

stimulation

Agency for the Czech Republic health research

AZV, 1. 4. 2016 – 31. 12. 2019

rTMS-fMRI: 80 subjects.. MCI-AD, HC (HY, HA)

6 sessions, 3 stimulation sites

cTBS a iTBS

fMRI: cognitive task: ±15 min, resting state: 7 min

blood samples for genetic tests



4. Direct/Causal proof of
connectivity

An effect of noninvasive brain 

stimulation on brain plasticity (rTMS/ 

tDCS/ tACS – fMRI human studies)

Monika Pupíková

Patrik Šimko



Offline approach –
methodological aspects

- Generally easy to handle

- Less methodological challenges as 

NTBS and imaging are separated in 

time (or space)

- Practicle hurdle: imaging as quick as 

possible after stimulation

- Limited time for testing (effects gone

after about 30 minutes)

- Comparison to sham: rule out

unspecific effects, problems with

mimicking the real stimulation



Online approach –
methodological aspects

- Methodologically and 

technically demanding

- Practicle hurdle: artifacts

- Auditory and somatosensory

co-activations (control

condition)

- Complex set-ups and needs

for special compatible

materials



Future perspectives

Closed-loop application

and tailored therapeutical

interventions
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