Cortical excitability shapes somatosensory perception with spatiotemporally structured dynamics
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Methods

» Three somatosensory stimulation paradigms in humans » EEG measures of cortical excitability

a) Pre-stimulus oscillatory activity

in the alpha band (8-13 Hz) of l'!'l“”ll”lllh"m'ﬂ"m"!l”ll”l"l”m”“””"”Uﬂ”l""lhn"(ullﬂuh«wl
the EEG 7! e

e Study 1 (N=31): “Resting-state” incl. median nerve stimulation

w
In perception, no neural response is exactly the same,

~0.7 sec
even to identical sensory stimuli — why? .

e Study 2 (N=32): Somatosensory discrimination task -

- 1000 stimuli of two intensities N20
- Task: indicate stimulus intensity
NS by button press 0 2 n 0
- - Aintensity: slightly above least time (ms)
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b) N20 component of the somatosensory evoked potential (SEP)

- 1000 stimuli of same intensity:
1.2 x motor threshold
- no task

reflects initial excitatory
post-synaptic potentials (EPSP)
in Brodmann area 3b [&10]
 direct measure of cortical

excitability in response to
median nerve stimulation

Single-trial SEPs extracted
using Canonical Correlation
Analysis (CCA) "]

 homologous component in tibial
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Moment-to-moment variability of sensory processing is asso-
ciated with instantaneous changes of cortical excitability. '

Yet it is unclear how these dynamics are organized and on TTE sec noticeable difference o

which level the modulation of perception takes place.

e Study 3 (N=38): Alternating stimulation of median and tibial ' oo nerve stimulation: P40 component
nerves 0 )23212 Canonical Correlation Analysis (CCA)
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the data: CCA components; e.g.:! |

Results

Study 1 Signatures of criticality

in excitability fluctuations
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* Neural excitability shapes the perceived stimulus it o
. . . . . Pre-stimulus N. medianus cortical stimulus
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| orem | Study 3 Local dynamics of cortical excitability with somatotopic organization
Significant DFA exponent clusters (ps<0.001)
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* No influence on effects by ISI and by peripheral nerve
activity (not shown here)

o Effects show a somatotopic organization (spatial specificity)

Discussion

Stephani, Nierula, Villringer, Eippert & Nikulin, 2022, Neurolmage
1. Cortical excitability fluctuates over time with a tem-
poral structure that is characteristic for dynamics
near a critical state.

—>Possible benefits: dynamic range, information processing
and capacity are maximized 167!

Study 3
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Conclusion:

Spontaneous fluctuations of cortical
excitability do not occur stochastically

2. Changes of cortical excitability influence how
strong stimuli are perceived from earliest cortical
processing onwards.
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3. Spatially confined neural state-response dynamics:
Excitability fluctuations are organized somatotopi-
cally.
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