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Scale-similar activity in the brain
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The spectral analysis of multichannel magnetoencephalographic data is presented. This analysis revealed a
local similarity regime in brain activityin more than two decades of frequengiesd provided new param-
eters for noninvasive experimental studies of the big81063-651X%97)50509-5

PACS numbds): 87.10+¢€, 87.22.Jb

The study of systems with strong interactions of manylarity regime (power law for, at least, two decades of fre-
degrees of freedom is one of the most important subjects iquencies[Figs. Ac) and 3c)]. The similarity parameters
physics. Examples of these systems are turbulent flows dfa,3) and the errore were determined by minimizing the
ordinary fluid and plasma, the global structure of the uni-mean square deviation
verse, and the unified theory of fiel¢superstrings Turbu-

lence is more accessiblanalytically, experimental, and nu- Q=([logF(w) -~ a=p logw]?), (1)
merically) and its study can provide guidelines for the 2

analysis of other systems. The nature of these systems and o= Q )
the mechanism of interaction can be quite different. How- (|logF(w)])’

ever, in many of these systems we may expect characteristic
cascade processes and a regime of scale similamitg[1]  whereF(w) is the power spectrum and brackéjsindicate
and references thergin averaging over the range of frequenciesThe range in this

The present Rapid Communication is a test of scalepresentation was from 0.4 to 40 Hz, but analogous results
similar activity in the brain. The human brain consists ofalso hold for the ranges 0.2—-20 and 0.5-50 Hz. The param-
about hundred billion neurons. Each neuron has up to teaters @,3,e) were calculated for the spectra of 70 channels
thousand connectiongor a description of the brain from a and for the spectra of signal differences for all 2415 pairs of
point of view of physics see recent work®—5] and refer- channels. Let us denotg for averaging over all pairs of
ences therejn Neurons are assembled in a hierarchical strucchannels. The averaged parameters and rms deviations for
ture, from a small group of neurons to larger groups, etc. Ahe range 0.4-40 Hz are
flux of activity in this hierarchy can produce a similarity
regime_ {al} = 2311,0'(&1) = 0856,{(12} = 2402D’( az) = 0913,

Data for this study were obtained from the Scripps Re- ©)
search Institute(La Jolla, CA, using a dual probe 37-
channel superconducting quantum interference devicéB1} = —0.9800(B1) =0.158{B,} = — 1.28,0(B,) =0.187,
(SQUID; see[6] for detaily magnetoencephalograph. We (4)

did an analysis of the measurements of the normal compo-
nent of the magnetic field on the brain surface from 70 chan- 181} =0.0220(e1) =0.0060{ &5} =0.026 5 (e) = 0.0070.
nels in the range from 0.1 to 115 Hz. A sketch of the relative ®)
positions of channels is presented in Fig. 1. The distance of
each sensor from the skull is between 2 and 2.5 cm. The ST
magnetometer was in a magnetically shielded room and the 2 4 6 1
power of the environmental noise was, at least, one order of
magnitude lower than that of the neural signals. Power-line 0
interference(highly correlated and spectrally localizedas s 287
eliminated from the data.

The data presented here are from a healthy fertade i
39) and a healthy maléage 38, both lying on their right 5 2
side, while resting with their eyes closed. The data were Y B 3
recorded over 30 min with a sampling frequency of 231.5 R /s
Hz. The power spectra were calculated by the FFT method, o
averaging 50 intervals with 8192 points each. 1

The power spectrum of individual channels has peaks cor-
responding to typical brain rhythni§igs. 2a) and (b) and
3(a) and (b)]. However, when we took the spectrum of the
difference between the signals of two channels, the peaks
practically disappear in many cases and we obtained a simi- FIG. 1. Sketch of the positions of channels.
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FIG. 2. Power spectra of second ordw) for the first subject
(femalg: (a) R16 (channel 16 in the right hemispherer=23.1,
B=-1.09,£=0.0217;(b) R32, «=22.8, B=—1.03,£=0.0173;
(c) R16-R32(signal differencg r=2.4 cm,a=21.9, 3=—0.783,
£=0.008 09.

FIG. 3. Power spectra for the second subjeunale: (a) L17
(channel 17 in the left hemisphere a=22.4, B=-0.795,
£=0.0199;(b) L34, =22.9, 8=—1.19,£=0.026;(c) L17-L34,
r=2.4cm,a=21.1,38=0.40,=0.007 65.

Here subscript$1,2) indicate subject$l, female; 2, male  0.5-50 Hz they arée;}=0.025,{s,}=0.026.
a(y)={(y—{y)AY2is the rms deviation for a characteris-  The three-dimensional distancesetween the positions

tic y, which can bex, B, or . For the range 0.2—-20 Hz the of the sensorgéchannelswere from 2 to 21 cm. All pairs of
averaged errors ades;}=0.015,{s,}=0.025; for the range channels were ordered with the increase of the distance be-
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FIG. 4. Averaged errofe}, as function of distance between

channels for both subjectgsee texk

tween probes. We denotg,, the averaging over the first

25

the signal difference we obtainede;=0.003 60,
£,=0.004 13. This suggests the use of the infinitely divisible
distributiong 7,1] for the modeling of brain activity, which is
an important subject for future studies.

To the best of our knowledge, the similarity regime for
such local characteristics of brain activity has not been pre-
viously observed. Brain rhythms are apparently synchronized
(at least in functionally connected arg¢asnd play a role
similar to coherent structures in turbulent flow. The signal
difference between channels is analogous to the velocity in-
crement between points in turbulence in the sense that both
quantities correspond to local structure and reveal the simi-
larity regime(see[8,9] and references thergin

From these results we can conclude that there is a local
similarity regime in brain activity. We plan to study the simi-
larity regime with a larger group of subjects and in greater
detail, including additional channels and a wider range of
frequencies. Corresponding distributions and similarity ex-
ponents may be important characteristics of brain activity,
that reflect a hierarchical processing of information. They

pairs of channels. Figure 4 shows the global tendency ofmay serve as a diagnostic tool for certain mental disorders
averaged errofe}, to increase with the distance, but for (this work is in progress and the results will be presented
some of the pairs of relatively close channels we still ob-elsewherg

served peaks in the spectra of the signal difference. Our in- After this work was completed, we became aware of the
terpretation of these data is that scale similarity is generallypaper{10], in which a power law in the diapason from 20 to
local, but there are some preferable regions in the braid0 Hz was mentioned for the spectrum of an individual chan-

(probably, functionally connectgdior which scale similarity

nel. We had noticed a similar behavior of one-channel spec-

is more pronounced. The locations of some neighboring pairga in our datdFigs. 2a) and(b) and 3a) and(b)]. However,

of channels with relatively large may indicate the bound- by standards of spectral analysis for the scale-similar phe-
aries between such regions. We plan to use the parametersmémena, the diapason of doubling frequency is too narrow to
scale similarity ¢, 3,¢) for a mapping of the brain and con- assert that this is a similarity regime. Cross-power spectra
nect this mapping with anatomy and physiology. Similar datavere also presentdd0] for two distances between channels.
were taken from 18 other subjects. The spectral analysis dfiotably, the coherence was smaller for the smaller distance,
the data from several randomly chosen subjects was pewhich may correspond to the boundary situation, discussed
formed. All the data revealed the same phenomena of localbove. However, the spectrum of the signal difference be-

scale similarity.

The similarity regime with even smaller errors was ob-

tween channels was not considered 19)].
Let us stress that the local similarity regime observed in

served for the higher order moments of the signal differencethis Rapid Communicatiorfin more than two decades of
Particularly, for the same pairs of channels as in Figs) 2 frequenciey in our opinion, places spontaneous brain activ-
and 3c) and the same frequency diapason, the power spedty in the general framework of the scale-similar phenomena
trum taken from the square of the signal difference givedor systems with strong interactions. It also provides new
correspondingly; =0.00499¢,=0.005 07. For the cube of parameters for noninvasive experimental studies of the brain.
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