Gamma-Oscillation in Human Pain: Spatio-Temporal Dynamics
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The dynamics of cortex driven by noxious median nerve stimulation (left hand) were recorde
early SEP (eSEP) and studied with gamma-band analysis. Gamma-binding has been hypo
for feature extraction and integration in perception. This study aimed to delineate the spatio-te
dynamics of gamma activation for understanding the cerebral processing of human pain.

The temporal-spatial evolution of the brain activities can best be analyzed and understood in ti
frequency domain of EEG compared to the traditional use of time-domain analysis in ERP. We
a wavelet time-frequency analysis to differentiate the brain dynamics between non-painful and
somatosensory stimulation.

Methods

ERP was recorded from 12 healthy males (age: 26.8 +/-5.2) for 31 electrodes (bandwidth
Hz, 2K Hz sampling, 600 trials with stimulation at 3 Hz). Subjects were stimulated to ¢
somatosensory evoked potentials at 2 stimulation intensities (non-pain and pain) tailored indiv|
The averaged eSEPs (window: 0 ms - 250 ms) were then subjected to a wavelet analysis of the
band. The eSEP was convolved with Morlet wavelets. In order to generate maps of activ|
extracted 1-80 Hz frequency lines from the time-frequency maps, representing the absolute
of oscillations for a certain period of time.

d wim'der to avoid a loss of statistical power that is inherent when repeated measures ANOVAs
thesigadntify multi-channel EEG data (Oken, 1986), selected electrode sites were pooled|
mfperaphical regions of interest (ROIs). The regions included the following electrodes:

Left anterior region (LAR): FP1, F7, F3, FC5
e time- Left central region (LCR): C3, C3', T3, PC5
applied Left posterior region (LPR): P3, T5, O1, PC1

pw&ons over the right hemisphere included the homologous electrodes. For statistical analy:
amplitudes were pooled across the electrodes in each of the ROIs. ERP components were define
amplitudes in the following time intervalls: 20..50 ms (early), 50..100 ms (middle) and 100..250 mg

Repeated-measures ANOVAs with factors topography (anterior, central, posterior), hemisphe
right) and condition (pain, no-pain) were conducted to assess the effects of the experimental
on a variety of dependent variables. ANOVAs were computed on averages of the aboveme]

Qéiﬂé@%tervals for both ERP and gamma data.

dirdlyanalysis of frequency-selective activity, we used a wavelet decomposition as described in Hg
getrahg1999). Maps were calculated for each of the frequencies 10 Hz, 20 Hz 40 Hz and 80
tyinvestigated the temporal smearing of the 10 % amplitude for all frequencies. The temporal sr|
lamparsinusoidal component in the decomposed signal can be up to 30 ms at 10 Hz and will be|
than 10 ms above 20 Hz. The maximum of the component will remain at the same latency.
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Maps of individual frequencies and time courses of electrode C4'.

indicated by solid arrows. Electrodes which are activated simult:
ously are shaded gray.
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We showed that the evoked response in EEG reflects many different aspects of human infoj
processing, if different frequencies are looked at individually. The spatial and temporal aspectsg
much better dissociated than in the ERP. As can be seen in Figure 3, the 80 Hz activity peaks
the central/parietal region and then propagates to frontal and occipital regions from there. Ther
Hz activity peaks in the frontal region. According to oscillator theory this could be due to the s
harmonic frequency (80 Hz) triggering the neural 40 Hz oscillators. The 40 Hz activity then s
to central/parietal and occipital regions. At 46 ms the 20 Hz activity peaks over the central/p
region. This could again be a frequency shift, as has been described by Traub et al. (1999) wh
show how gamma induces beta activity. After the 20 Hz activity has spread to occipital electrg
lasts until 164 ms over =2), the 10 Hz activity is triggered at 112 ms and propagates to frontal |
In addition, we also found a frontal/parietal 40 Hz response which has been hypothesized as c

rmiatiefrequency analysis of EEG proves to be highly sensitive in differentiating painful from
cpaibieil somatosensory stimulation. This study established a temporal-spatial EEG frequency re
s finstdel in sensory processing. Early processes are fast while later processes spread out te
, thisig@ould be due to different neural oscillators which trigger each other and propagate their

eanret the cortex.

preads

)arietal

»gi@% o
SR 3E and Tomberg C Transient phase-locking of 40 Hz electrical oscillations in prefrontal and parietal human ctstiberpfliess of conscious somatic

legionSseption. Neurosc. Lett, 168(1-2), 126-129, 1994
ONSTITOSCS, Mecklinger A and Pleiffer E Gamma d ERPs in a visual ion task, Clin.

somatic perception by Desmedt et al. (1994). Albeit, our activity occurrs in a very early time ir)

(44 ms) and must be considered pre-attentive if brought into context with somatosensory bindir

Jtef{pAPS and Chiappa KH Statistical issues concerning computerized analysis of brainwave topography, Ann. Neurol., 199883-494,
[Traub RD, Whitington MA, Buhl EH, Jefferys JGR, Faulkner HJ On the mechanism of the gamma ->beta frequency shift in seilesiaisoinduced in rat
- hippocampal siices by tetanic simulation, J Neurosci. 19(3), 1088-1105, 1999

non-
sonance
mporally.
ctivity




