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Abstract: Sensory processes involve interactions between reciprocally connected “higher” and “lower” cortical areas.
Combined MEG and MRI/fMRI studies are exceptional non-invasive techniques to reveal the engagement of these areas
during sensory perception in humans. However, the precise neural dynamics regulating these interactions remains unclear. To
make a direct link between the measurable macroscopic events, and the underlying cellular level neurodynamics, we have
developed a two-fold approach that combines non-i |nvas|ve human experiments and detailed computational neural modeling.
Our primary goal is to the neurod of 'y perception. To this end, we (1) conducted an MEG
study of tactile perception in humans and, (2) developed a laminated biophysical network model simulating activity in
somatosensory cortex. Equivalent dipole reconstructions of the MEG data on structural MRI images shows a significant evoked
signal in the primary somatosensory cortex (SI), whose magnitude correlates with perception. Model analysis leads to the
novel prediction that the polarity of distinct peaks of the measured SI dipole can be explained by the direction of signal flow,
feed-forward (“bottom-up”) vs. feedback (“top-down”), into that cortex. The validity of this prediction is strengthened with
intracranial monkey data. Further, simulating changes in “attentive state” in the model, we were able to reproduced the
measured difference in evoked SI response during perceived vs. unperceived trials. Taken together, these findings indicate that
signatures of perceptual competence are present in Sl, and that, in MEG studies, dipole polarity may be a marker for the
influence of feed-forward vs. feedback inputs on local network processes.

Experimental Methods: Subjects: 7 neurologically health,
right handed, 18-45 yrs old. Stimuli: A piezo-electric driven
device delivers brief 10ms sine wave taps to digit 3 of right
hand. Stimulus strength was dynamically maintained at a
perceptual threshold level (50% detection) with strong stimuli
(100% detection) and null trials randomly interleaved. ISI
3secs. Neural and psychophysical data were integrated with 2-
D spatial measures of finger position taken with custom
optical sensors.

Data acquisition and analysis: We
recorded 306-channel MEG signals
(Elekta NeuroMag VectorView) and
extracted somatosensory evoked current
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MEG Current Dipole Evoked in Sl Correlates with Perception

Early activity generated in SI.

Blue curve: Time course (-50,250) ms of
estimated equivalent current dipole (ECD) fit at
~60 ms from strong stimulus (100% detection,
tstep=20ms, Qstep=10nAm). Vertical lines
mark 0 and 60ms.) The ECD was estimated
after spatial filtering of later temporal
components in the data. Orange curve: %
goodness of fit of the ECD to the full data set
data (steps 10%). MRI’s: Estimated ECD
localization overlaid on structural MRI slices

Dipole polarity reflects direction of
net current across cortical layers.

Sl dipole average (n=7 subj.). Strong
stimulus: 100% detection. Threshold level:
50% detection (std. error bars). The early
(25ms) and late (100-175ms)) positive

Magnitude of SI dipole predicts
perception.

Threshold  level  stimulus  (50%
detection) averaged over perceived
and unperceived trials (=7 subj.). A
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significant difference in magnitude
emerges from 80-175ms, such that
there is more “outward” current flow
during perceived trials.

dipole polarities imply net current flow out
of the cortex (infra to supra granular
layers), and the (70ms) negative dipole
polarity implies a net current flow into the
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I Cortical Column Model Predicts Contributions of Feed-forward and Feedback Input I
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