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Face representation in the human primary and

secondary somatosensory cortex.
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The cortical organization in primary somatosensory cortex (SI), so called
homunculus, and secondary somatosensory cortex (SII) in humans were drawn by
“Penfield and his colleagues during neurosurgical operation. Since then many studies
using various methods have confirmed homunculus in both SI and SII, but detailed
distribution of face area in SI and SII have not been clarified. Unit recording studies in
monkeys showed different receptive fields in SI from homunculus, that is, receptive
fields following stimulation of chin and nose are located more laterally than that
following lip stimulation. Therefore, the objective of this study was to investigate
the somatotopic organization of the facial skin area in the SI and SII in humans using
magnetoencephalography (MEG), which is non-invasive method with high temporal
and spatial resolution. To avoid stimulus artifacts caused by electrical stimulation
applied to face, being very close to MEG recording system, we used specially made
device, which induced pressure sensation induced by inflated plastic membrane by air
pressure.

In the first experiment we recorded somatosensory evoked magnetic fields (SEFs),
obtained by averaging MEG responses, generated in SI. We stimulated six points on
the face (two points in each part of forehead, cheek and chin); lower lip and thumb.
Interstimulus interval was 0.5s and approximately 200 responses were averaged. Using
single equivalent current dipole (ECD) analysis, we estimated a dipole at the peak
latency of a constant component around 40-50 ms following the stimulation. There
were no significant differences in latency of the main component among 7 points of
face stimulation. The amplitude (ECD strength) showed a significant difference
(ANOVA) and the amplitude following thumb and lip stimulation are significantly

larger than that following stimulation of other 6 facial skin points.  The dipole
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locations for SI activities were compared among eight stimulation points. The thumb
area in SI was located more superior and medial to the lip area, which was consistent
with Penfield’s homunculus. The face area is located between the thumb and the lip.
There were no significant differences of ECD location among three parts of the face as
forehead, cheek and chin (represent for three branches of the trigeminal nerve).
However, ECDs following stimulation of the medial part of the face was located in
more lateral region significantly than those following stimulation of the lateral part of
the face.

The lips occupy a large area of the face representation in SI, whereas only a
small area located between the thumb and lip areas is devoted to skin covered surfaces.
The lip has very sensitive particularity, a great mechanoreceptor density (Stohr and
Petruch, 1979), roles in speaking and eating, and important part in tactile sensation. In
contrast, the tactile function of the face is more modest. Therefore it was reasonable to
conclude that the reméining facial area devoted to facial skin was small.

In the second experiment we recorded SEFs generated in SII following
stimulation of five body sites: the foot, lip and three facial skin points (forehead, cheek
and mandibular angle point). The interstimulus interval was longer than that used in
Experiment 1, random from 2 to 4 s, since clear SII response was recorded with a long
interstimulus interval.  Approximately 70 - 100 responses were recorded. The
consistent components with the peak latency around 100-150 ms following stimulation
were analyzed. There were no significant differences in latency and amplitude of the
main component. It seems strange that ECD strength following lip stimulation showed
no significant difference from that following foot or facial skin areas, since lips should
be more important part than the others and that in SI was significantly larger than the
other facial areas.-A Probably SII plays more higher and complicated roles than SI and

is equally sensitive for any parts of the body. With regard to the ECD location in SII,
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the lip is in the most lateral area, the foot in the most medial area and the face in the
intermediate area between the lip and the foot, but more closed to the lip area.
However, there was no significant difference of dipole localization in SII among the
three areas of the facial skin.

This is the first MEG study investigating activities in SI and SII following
stimulation of various parts of the face, and the obtained results showed unique and
- novel findings, which are different from classic homunculus and reports using
monkeys. A few recent studies using functional magnetic resonance imaging (fMRI)
were also consistent with ours, that is, activities following lip and forehead stimulation
are mostly overlapped. Of course, we notice what area of face is stimulated even
when we close our eyes. Therefore, neurons which receive inputs from each face area
should be different, but receptive fields following facial skin areas should be very
closed each other, and the distance between them should be smaller than the spatial
resolution of MEG. Therefore, by more studies using higher quality non-invasive

methods in the future, face area in homunculus in humans will be probably changed.
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