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Abstract: Electrical signals (EEG, EMG, ECG etc.) in the human body fluctuate and
are used for clinical diagnosis as vital signs. Recently, there have been some efforts to apply
chaos theory to them, to make a diagnosis, and apply them to treatment. Therefore, using our
data such as EEG, pulse, ECG, and RE-EMG (H-wave), we show an analytical method of
fluctuation in the human body (focussing on frequency analysis and chaos analysis) and the

physiological meaning of fluctuation.
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SUMMARY

There are phenomena with disorderly
fluctuations in nature (such as wind, temperature,
pressure, etc.). Also, in living things the internal
state of their own physiological activities always
changes within some range. Though these internal
and external fluctuations, physiological functions
are also moving as a kind of stress; living things
have a counterbalancing mechanism. (The
principle of additivity cannot be applied to these
physiological effects, and they are called “ non-
linear” phenomena..)

W.B.Cannon called the characteristic stability of
a living thing to the environment "homeostasis",
and physiologically advocated that there was a
specific control system in living things. It has been
thought that this control system works by setting a
specific value (a set point) which was determined
by the linear method as a goal. However, recently
chaos theory has been applied to this control
system, and the idea of specific values is changing
into something random.

The characteristics of electrical signals (EEG,
ECG, pulse, respiration, EMG etc.) observed in the
human body are estimated with a statistical method
and they are applied to clinical diagnosis as vital
signs. ( For example, the ECG analysis and its
frequency analysis are used to and make a
diagnosis of autonomic nerve functions, and the
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emerging ratio of o -wave and 3 -wave and the
EEG topography are used to make a diagnosis of
abnormal EEG.)

These signals seem to move regularly within a
limited range, but their movement is very
complicated. Recently, there have been some
efforts to apply chaos theory to these
physiological signals, to make a diagnosis of the
fatigue condition, derive mechanisms of EEG
formation and apply them to treatment.

The idea of "homeostasis” by Cannon et al. is
changing into that of "homeodynamics" with a
chaotic factor. The human body can maintain its
independent character as a living individual more
stably with its own chaotic factor. In other words,
the linear phenomenon does not return to its
original state when disturbed by some external
force. "Chaos" which is found in the non-linear
phenomenon takes this force in and has a stable
tendency to get back to its original state.

For example, the pulse of a healthy human does
not beat to a regular rhythm, but fluctuates within
a certain range or beats to a non-periodic
fluctuation, and it has been reported that tge latter
case is a healthier adaptation for the human body.
It has been reported that both the change of pulse
and external stress could cause sudden death as a
peculiar case even if there is no abnormality on the
affected part (resonance fluctuation), and that the
development of pulse periodicity from infancy to
adolescence could involve the chaotic
complication with age.

Finally, on the basis of our data such as EEG,
pulse, ECG, H-wave RE-EMG etc, we show some
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examples of the analytical method of fluctuation
in the human body, acupuncture effects and
chaotic phenomenon.

The chaotic analysis enabled us to interpret the
characteristic of EEG signals under acupuncture
anesthesia (A.A.). For example, when EEG waves
are recorded for healthy adults with the eyes
closed and while physically relaxed, the alpha-

wave ( @ -wave) at a frequency of 8-13 Hz is
derived from the posterior regions of the head. On

the other hand, the same «-wave (called diffuse
alpha pattern) is also seen over large areas of the
head under A.A. However, though these two waves

are treated as the same @ -waves in the frequency
analysis, each characteristic of the waves is
detected in them, when observed clinically.

The change of EEG activities is detected by
introducing attractor and Lyapunov exponent to
psychology or acupuncture techniques (the
tonification and sedation method, acupuncture
point and inserting techniques) though it has been
difficult to observe them objectively. It seems that
acupuncture has an influence on fluctuations in
the human body, also restoring the human body to
its natural state. And, A.A. intercepts control from
the superior brain and influences the locomotive
system. Meditation practice shows a chaos state
similar to that of Qi-gong practice, but the chaos
state during visualization differs from that of
meditation practice or Qi-gong practice.

APPENDIX

A) Representation of fluctnation and attractor

Fluctuation is of various types, and its
representation can be shown by two typical
methods; one represents the locus of phenomena
which occur along a conventional time axis and
the other is a representation by topology with the
same data. According to the topological way of
thinking, each phenomenon that occurs along a
time axis in nature contains all information. By
making the relation between each adjoining
phenomenon as consecutive figures (one
dimension is implanted in a figure), regularity is
looked for (implantation theory). The locus
which represents a phase and space is called an
attractor.

B) Lyapunov exponent and chaos

The locus converges to one fixed point at an
attractor of monotonous damped oscillation and it
revolves, tracing the same pattern in a periodic
oscillation (limit cycle). But even phenomena of
nature which look chaotic are related to one
another through the spot where they occur, and
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the figure called a "strange attractor" is obtained
by superposing them. In order to confirm
whether phenomena are chaotic or not, whether
they have the structure of an attractor and a fractal
(interpenetrating structure) or not is generally
examined and discussed, and with the
complication of the superposed locus, as the
Lyapunov exponent the interpenetrating structure
is shown as fractal dimension. In this connection,
in the case of white noise, no attractor is obtained
and dots are seen all over the screen.

C) Evoked EMG of H-wave
H-wave is a late muscle action potential which is
evoked from a muscle by electrically stimulating
mingled nerves and it has a constant latency. Itis
thought that by stimulating a different fiber, the
action potential passes through a single synapse
combination in the medulla spinalis (spinal reflex;
Hoffman reflex ), a motor neuron is activated, and
the activated signal is reflected to the muscle.

The peculiarity of the H-wave is that the medulla
spinalis is included in the evoked line, and the
amplitude of the usual H-wave is in proportion to
the excitement of the spinal anterior cell. It is
reasonable to assume a complex intervention from
the central nerve. In particular, various
characteristic fluctuations of known duration
appear in the brain stem which has a facility for
motor response.
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