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Abstract

Alpha rhythm of the parieto-occipital area is comprised of a parade of short-lived cortical excitations (alphons),
each of which exhibits oscillations having a stable period within the alpha bandwidth. Strong alpha rhythm is
produced by alphons extending over a larger cortical area, although an enhanced cortical current density may also
contribute. Local suppression of alpha rhythm indicates when specific cortical areas become engaged in sensory or
cognitive functions. Examples are provided for mental imagery, visual memory, auditory memory, and silent

rhythming. © 1997 Elsevier Science B.V.
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1. Introduction

Alpha suppression is no longer considered as a
global phenomenon reflecting generalized arousal.
Rather, it occurs in specific regions of the cortex,
and it depends upon the tasks in which those
regions are engaged. Thus, visual stimulation re-
sults in modulation of occipital alpha activity, and
the modulation envelope fluctuates in-step with
the visual stimulus (Kaufman and Locker, 1970).
Also, as will be described here. searching memory
for previously seen visual forms results in sup-
pression of occipital alpha. Moreover, the dura-
tion of this suppression varies with the time re-
quired for the subject to indicate completion of
the task. In auditory studies, searching short-term
memory for previously heard tones results in a
similar suppression of alpha. However, in this

task the duration of suppression that best corre-
lates with the subject’s reaction time occurs over
the right temporal cortex. Other cortical sites
exhibit alpha suppression too, and these all de-
pend upon the modality involved as well as the
nature of the mental task itself. It is now clear
that changes in ongoing alpha activity, and possi-
bly in other intrinsic brain rhythms as well, pro-
vide a new dimension for the study of brain
activity. We are no longer limited to the classic
event-related potential which is time-locked to a
specific event. We shall give two examples here of
spatially selective suppression (desynchronization)
of the occipital alpha rhythm, as monitored by
neuromagnetic techniques. By having deduced the
respective cortical region that produces each
rhythm, we may infer that these same regions are
involved in the processing that supports the re-
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spective mental tasks. It is increasingly apparent
that the modulation of ongoing brain activity pro-
vides a new dimension for the study of cognition
(Basar, 1980).

We provide evidence that the occipital alpha
rhythm measured within the bandwidth §-13 Hz
can be accounted for by transiently appearing
excitations of local cortical regions. These
rhythmic excitations — here referred to as ‘al-
phons’ — are known to be associated with tha-
lamo—cortical as well as cortico—cortical interac-
tions (Lopes da Silva and van Leeuwen, 1978).
The spatio—temporal evolution in these cortical
excitations is analogous to a parade of events that
produces the changing pattern in the alpha mag-
netic field outside the head. The conceptual tools
we developed to deal with these hypothetical
alphons may be extremely useful in mapping the
locations at which ongoing activity changes while
performing different cognitive tasks. These tools
complement a mathematical procedure we have
developed for calculating the generalized inverse
for field power measurements. This provides a
best estimate for the cortical patterns of current
power that underlie observed average alpha field
power at the scalp. The latter approach deals with
average field power, while studies based on the
alphon hypothesis deal with field per se. Thus,
both approaches may provide useful information
regarding the locations of cortical events related
to sensory or cognitive processes.

2. Organization of occipital alpha rhythm

Alpha rhythm can be described in a variety of
ways, most of which are discussed in the accom-
panying papers of this volume. Among the most
popular are the spectral power and covariance
distributions across the scalp. One of the prime
aims of our research is to provide a more detailed
understanding of its cortical presentation in hu-
man subjects, so that we may gain insight for its
physiological basis and how it is modulated when
the cortex is called upon to carry out sensory or
cognitive functions. In particular, this report fo-
cuses on the parieto—occipital alpha rhythm as a
prototype. We suggest that characteristic features
of the time series recorded in measurements of

the magnetic field near the occipital scalp provide
evidence that the underlying cortical source con-
sists of a parade of excitations at different loca-
tions that individually grow and subside in
strength. At peak strength, each extends across a
cortical area of about 3 cm? for human subjects
exhibiting a strong alpha rhythm.

3. Nature of alpha rhythm

The physiological basis of occipital alpha
rhythm is well established. The initial oscillation
is generated within the thalamus by a circuit
involving neurons whose membranes exhibit in-
trinsic oscillatory behavior (Jahnsen and Llinas,
1984a,b; Steriade et al., 1990). Bursts of oscilla-
tions are projected onto different cortical loca-
tions, from which they spread at a rate (in dog) of
0.3-1 m/s. Consequently, within one period of
the oscillation, the cortical excitation could ex-
tend a distance of approximately 3 cm. It has
been suggested (e.g. Lopes da Silva, 1991) that a
function of the alpha rhythm may be to set the
mean level of the cortical membrane potential
within an extensive local area of cortex.

One of the curiosities of alpha rhythm in the
EEG is that its amplitude distribution cannot be
distinguished from that of narrow-band filtered
Gausssian noise (Dick and Vaughn, 1970). That
is, if the time series is sampled at regular time
intervals, the number of samples for a given am-
plitude plotted against amplitude has a normal
probability distribution. The Rayleigh probability
distribution is characterized by one parameter, so
the amplitude and standard deviation of the dis-
tribution are related by a muitiplicative constant.
Whether a time series can be characterized by a
normal distribution is easily established by repre-
senting the data on a probability, or ‘QQ’ plot
(Becker et al., 1988) and determining whether the
trend is described by a straight line. This feature
was demonstrated for MEG measurements by
Kalimi (1991).

To characterize the key attributes of occipital
alpha rhythm, neuromagnetic recordings were
made by positioning two cryogenic dewars at the
back of the head, one on each side of the midline
as illustrated in Fig. 1. Each dewar contains an
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Fig. 1. Arrangement for two sets of superconducting sensors, each within a cryogenic dewar for simultaneously recording magnetic
fields of the alpha rhythm over left and right occipital areas of the scalp (Ilmoniemi et al., 1988).

array of seven superconducting sensors to moni-
tor the time sequence, so it is possible to identify
coherent signals detected simultaneously over
both hemispheres. The characteristic feature of
these AC recordings shows the magnetic field
emerging from one hemisphere and entering the
other, with the locations of strongest field approx-
imately the same distance to the left and right of
the midline. This implies that the locations of the
sources are near or within the longitudinal fis-
sure. Moreover, the locations where the magnetic
field is strongest are nearly opposite each other
with respect to the midline, joined by a line that is
within 20° of being perpendicular to the midline.
We may infer that the underlying intracellular
current producing the field is oriented nearly
parallel with the longitudinal fissure. Conse-
quently, these sources lie largely within the sulci
that extend from the fissure into the left and right
hemispheres. Fig. 2 shows a time series of alpha

rhythm narrow-band filtered to include only the
bandwidth from 8 to 16 Hz.

This illustrates the typical waveform of occipi-
tal alpha rhythm, which is commonly described as
a series of spindles. There is strong phase coher-
ence throughout the duration of a spindle. If the
second harmonic component (within 16-24 Hz) is
not removed by filtering, the strongest oscillations
may exhibit an arcuate waveform where peaks of
one polarity are sharp while peaks of the opposite
polarity are flattened — or even display an inden-
tation as in the mu rhythm of the central sulcus
(Tiihonen et al., 1989). The arcuate feature has
been clearly recorded with an array of electrodes
inserted into the depth of occipital cortex of dog
where the polarity of the sharper peak corre-
sponds to intraceliular current flowing toward the
depth of cortex (Lopes da Silva and van Leeuwen,
1978).

Time series of the alpha rhythm have been
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Fig. 2. Time series within the alpha bandwidth recorded by two 7-sensor probes, one placed over the left hemisphere and the other
over the right hemisphere. Downward deflection indicates the magnetic field enters the head; upward deflection, it emerges from

the head.

analyzed in various ways to determine their sig-
nificant properties, particularly to ascertain
whether they exhibit features of deterministic or
random processes (Pritchard and Duke, 1997).

Our analyses of the alpha rhythm time series
suggest that the period stability between zero
crossings in the waveform (Carelli et al., 1983;
Vvedensky et al., 1985) is a key piece of evidence
that distinguishes alpha rhythms from pure ran-
dom noise. One way to analyze these data is to
determine how likely it is to have a series of
zero-crossings producing a given number of peri-
ods exhibiting stability that is greater than a spec-
ified level. This exercise has been carried out on
our data for the parieto—occipital alpha rhythm
obtained on two subjects. The resuits are suffi-
cient to provide a definitive answer. Table 1 shows
that occipital alpha rhythm has a much enhanced
period stability over a short time interval than
narrow-band filtered noise, even though they have
the same amplitude distribution. This suggests
that individual alpha sources of these spindles
have a temporally coherent structure.

A second aspect that appears in the alpha data
is the stability of the magnetic field pattern across
individual peaks within a spindle. One way to
characterize this is to represent the location of
neural activity for each peak by a current dipole.
Even if the active cortical area might be much
more extensive than is warranted by this model,
the dipole approach still provides a useful mea-
sure for the spatial stability of the center of the
neural excitation. Table 2 illustrates our results

by showing the PPN headframe coordinates (Wil-
liamson et al., 1991) for the dipole positions of
consecutive oscillation peaks. In general, the
movement is less than 3 mm during the time span
when the periods of a spindle are stable. When
one spindle disappears and another appears there
is an abrupt change in both location and period.
These features indicate that occipital alpha
rhythm consists of a parade of excitations that
arise in different locations of the cerebral cortex,
each excitation exhibiting a fixed period for its
oscillations. These characteristics motivated us to
introduce the term ‘alphon’ as a generic term for
these cortical excitations (Williamson et al., 1989).

In our study of three subjects, the criteria for
identifying alphons within the complicated se-
quence of spindles was conservative in order to
avoid time-series where two or more alphons are
superimposed. The peak field must exceed 400 {T
for about 300 ms at the mid-point of the oscilla-

Table 1

Number of periods that are stable to within the indicated
percentage for gaussian noise within the bandwidth of 8-13
Hz and for alpha rhythm within the same bandwidth for each
of three subjects

Condition 1% 3% 5% 10% 30% 50%

Noise recording 15 447 1337 3966 7839 8316
Alpha recording (SW) 1100 2246 4794 6063 7999 8221
Alpha recording JH) 2828 5294 6125 6904 7763 8109
Alpha recording (ZL) 2136 3891 4506 5228 6384 8171

For both conditions (noise and alpha recordings), the total
number of periods considered is 8318.
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Table 2

Cartesian coordinates in the PPN headframe indicating the
location of the center of activation (X,Y,Z) for the extensive
source model that best accounts for the field pattern at
successive peaks in three bursts

X(em) Y(m) Z{m) Q@mAm) Cor x* P

—5.69 055 677 43.7 0997 053 0.86
—5.52 019 6.93 533 0997 0.73 0.69
—5.54 010 6.81 58.8 0996 097 047
-5.40 0.08 6.67 61.8 0996 0.86 0.56
-5.26 015 6.61 56.3 0.996 053 0.86
-521 0.05 648 57.6 0.996 0.54 0.85
-531 -008 6389 48.1 0998 031 0.97
-529 -032 604 724 0997 062 0.78
-510 -022 642 77.0 0995 090 052
—-494 —-019 6.64 785 0994 099 045
-492 -032 682 71.1 0991 1.02 043
-482 048 658 70.9 0.984 1.00 048
—5.63 0.16 6.18 50.0 0987 139 019
-587 —013 634 59.8 0994 1.07 038
-556 -030 622 76.7 0998 053 0.86
-530 -028 628 835 0.997 073 0.68

Notes: Q, total current dipole moment; Corr, correlation
between the field data and field pattern of the best-fitting
model source; x2, value of chi square for the best fit; P, gives
the probability that chi square is greater or equal to the
attained value.

tion sequence, the mean amplitude over the se-
quence must exceed 150 T, and the period stabil-
ity must be better than 5%. With these conditions
the period and location of neural activity of an
alphon are stable for about six oscillations. The
spatial correlations between signals in the array
of 14 magnetic field sensors all exceed 0.9 as
registered at successive peaks. For this study,
alphons exhibiting the strongest magnetic field lie
within about 2 cm of the midline. This feature,
together with the fact that their current dipole
moments lie nearly parallel to the longitudinal
fissure, support the notion that these alphons lie
within the walls of the sulci that extend into the
left and right hemispheres from the longitudinal
fissure (Fig. 3).

The strengths of the current—dipole moments
deduced from the single current—dipole model
are much greater than the strength of long-latency
components (100-300 ms) of typical sensory-
evoked responses. A representative value of Q =
60 nA-m is considerably stronger than the value

of 10 nA-m that is characteristic of a sensory
related component. Can this enhancement be due
primarily to a greater trans—cortical current? To
assess this possibility, we fit the magnetic field
data for individual alphons by a finite-area model
consisting of nine current dipoles in a 3 X 3 square
array, with all the dipoles oriented perpendicular
to the surface of the square. The corresponding
cortical locations for alphons exhibiting magnetic
fields of average strength are substantially more
shallow than those obtained from a single cur-
rent—dipole model, as illustrated in Fig. 4. The
reason for this discrepancy is simple. A finite-area
model is represented by a field pattern whose
locations of maximum inward and outward field
are separated by a greater distance than for a
current dipole at the same depth. To reproduce a
similar separation with a current dipole requires
that it be placed deeper beneath the scalp. To
emphasize this feature, we note that the alphons
in Fig. 3 appearing to be located near or within
the cerebellum for the current dipole model are
pulled up into the cerebral cortex in the finite-area
model as displayed in Fig. 4.

The finite-area model when fitted to our data
provides an estimate for the spatial extent of the
active cortical area for individual alphons. For
our three subjects we obtained the following re-
sults based on the typical values for the sum of
the moments of all the nine component dipoles in
the model: Subject JCH has a total dipole mo-
ment of Q =39 nA-m and an active cortical area
of 2.9 cm?; STW with Q =41 nA-m has an area
of 2.7 cm?; and ZL with Q =35 nA-m has an
area of 2.8 cm?, The values for the active area are
remarkably consistent across these three subjects
who exhibit strong alpha rhythm. However, the
close numerical agreement is no doubt fortuitous,
since the finite-area model is certainly too sim-
plistic to provide such accurate values.

Nevertheless, there is a systematic discrepancy
between the current-dipole moments obtained
with the single current—dipole model and the
total current—dipole moments of the finite-area
model: the former are typically Q=60 nA-m,
while the later are typically Q =40 nA-m. Since
the estimated active area of 3 cm® corresponds to
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Fig. 3. Alphon locations deduced from a single current—dipole model, with the background depicting features of the mesial surface
of the subject’s left hemisphere. for subject STW. Axes denote the PPN headframe coordinates, with ¥ = —0.1 cm for the MRI slice
depicted. Symbols indicate the strengths of the magnetic field extrema: Circle, strongest; triangle, average; square, weakest.

Fig. 4. Alphon locations for the same subject as the preceding figure, but in this example deduced with the finite area model. Shown
here are representative cortical excitations of average or greater strength in the left hemisphere.






