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Some Experimental Studies of Human Impedance for Clinical
Application
Outline and Summary

By
Yasushi Shigematsu, Takeshi Yamazaki, Toshiya Iwasa

From the Department of Radiology, Faculty of Medicine, Osaka University
(Director Prof. T. Nishioka)

(A) Introduction

The following studies divided into several chapters are interim reports of last five
year’s works of the authors.

These studies were entered upon in 1951, when in this laboratory a new method
of physical therapy using electronic instruments had been found by A. Thozumi and
several fundamental or clinical experiments were made.

In order to send a physical energy as well as an electric current into living bodies,
it is very important to have an exact knowledge how the energy is to be consumed
within their tissues : and so the authors were most interested how to catch the electrical
properties of a human body.

Based upon Cole’s works, the authers tried to examine these electrical properties
and after several fundamental experiments, the authors were convinced that this
electrical method should be used further in clinical fields.

So the first practical intention was pointed to the quantative measurement of dermal
radiation injuries of irradiated parients as well of operating radiologs.

(B) Electrical properties of the irradiated skin.

Present experiments were started from reexamining the electrical equivalent circuit
accomplished by Cole about normal or diseased skins.

There were many obstacles to measure the skin impedance for low frequency zones,
namely the variations of impedance due to supplied voltages, the galvanic skin reflex,
the 3rd effect of polarizing electrodes and the change of substance lying between the
electrode and the skin surface.

Moreover, the human skin is so high in impedance for the low frequency zone
under 1 kc/s, differing from many other animals used in experiments, that the measure-
ment results considerable uncertainty by Cole’s method using alternating current bridge
of Wien’s type, in which the variable C and R are arranged in series, and yet the
caught locus may be only a part of circular arc.

— 3 —
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But various factors to disturb the precise measurement could be taken away to the
practrical extent with various devices in apparatus, electrodes and measuring conditions.

Inspite of giving up the idea, because of the reason as mentioned above, to apply
the measurement in low frequency zones under 1 kc/s to the investigation of dermal
radiation injuries, the difficulties in measurement not only produced a new method to
decide the loss-angle, but also developed the analysis of the electrical equivalent circuit
with the admittance locus. i

After some furidamental studies the electrical properties of the irradiated skin were
examined about the patients treated in this clinic, and various processes were electrically
found out corresponding the progress of the skin reaction.

The conclusions are as follows :

1) The impedance of an irradiated skin decreases gradually until the appearance
of erythema, then recovers in wavelike progress. .

2) The downward tendency of impedance is remarkable in the skin irradiated with
one single massive dose, and it is similar in the surrounding skin of a radiation ulcer.

3) When the maximal safe dose is fractionally given, in the stadium of erythema
the decrease of impedance is not so remarkable as the former, but after several months
there occurs a marked increase of impedance mainly following a decrease of capacity.

4) In order to examine dielectric loss of a skin, a special impedance bridge was
designed to keep off the leakage resistance of a test body.

Thus an increase of loss-ang:lé was found in the stadium of erythema, and its
decrease in the dry and depigmentated skin after a certain period.

(C) The fuquency admittance loci of human body in the low frequency zone.

Besides the progress of the above mentioned study as to dermal radiation injuries,
on the other hand, some results were carried out about the impedance of normal hum-
an bodies under various conditions, as the fundamental studies of the low frequency
therapy. In these works it was proved that in the frequency zone under 1 kefs, Cole’s
method using the frequency impedance locus was not adequate to express the va-
rious electrical properties of the human body, so the next step was performed
to trace the frequency admittance locus instead of this, complexing the concept of
““ conductivity ”’ in electrochemistry.

This corresponds to complex the concept of ‘‘resistance’” to ‘ impedance” in
electrical engineering.

The reason why this method was adopted are as follows ; the frequency admittance
locus is a reciprocal expression for that of impedance, and in the huran body electrical
conditions are mainly of electrolytic nature.

Thus the freguency admittance loci of human bodies in the low frequency zone
were minutely traced, and some networks were examined as the equivalent circuit for
human body.

The conclusions obtained are as follows;

__l__.



WRFNS24E 3 AZ25H 112

1) In the measurement of the impedance of human body with the alternating
current bridge of Wien’s type, parallel arrangement of capacity and resistance in the
variable arm is superior to the series one as the equivalent circuit for human body,
especially in the low frequency zone under 1 kc/s.

2) Cole’s law may be extended from 1 ke/s to 20 c¢/s for various parts of the normal
Thuman body surface. .

3) Using only the polarisation capacity as Ag-Nacl, an admittance model may be
constituted to show almost the same properties as those of human body in the low
frequency measurements. : : '

4) The equivalent circuit for human body, corresponding to its impedance or
admittance loci, is not only that of Cole.

The most general equivalent expression for human body is the, so called, ‘‘four
terminal resistance network terminated by reactance’’, and the changes of the electrical
properties of human body may be measured as the changes of this four terminal
network and its terminated reactance, namely the changes of four values, consisting of
capacity and four terminal constants.

5) From above mentioned theoretical study, the final step was performed to adopt
the three terminal resistance network of Y or A junction as the equivalent expression
for human internal tissues.

(D) Some clinical blood examinations using electrical method.

Following to the experiment on measurement of human skin impedance, an object
-was extended to human blood.

Deducing from the results on impedance of cell suspensious by Fricke and Cole, the
experiments were made about healthy and invalid human blood treated with citrate
and Kato’s oxalate.

After some studies the electrical properties of blood in low frequency zone were
-applied to following two clinical blood examinations, that is, the measurement of ery-
‘throcyte volume concentration and red cell sedimentation test may be done through the
measurement of electrical conductance value, mainly at 10 kc/s.

1) Volume concentration measurement of red cells. It was found that the volume
.concentration of red cells can be calculated through the rate of conductance value of
plasma to whole blood, applying the formula of Fricke and Cole.

Hi-value, measured after sufficient centrifugal treatment, is well concurrent to the
red cell volume concentration, measured through above mentioned formula. This
-electrical method is little influenced by the intensity of centrifugal action, and my he
-simple in procedure. The calculation of the crude value is performed only through the
measurement of blood conductance value.

2) Red cell sedimentation test.

Through the measurement of conductance value .at the bottom of human blood

«column, in cases of normal and accelerated red cell sedimentation test, it was found
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that there should be certain variation related to time, that is, temporary increase in
initial stage, then to the maximum and long continued decrease afterwards. It was
experimentally verified that this trend of variation is positively co-related to the red
cell sedimentation test. These phenomena are considered as the results of electrical
observation on agglomeration and sedimentation of red cells, and so it may be possible
to replace red cell sedimentation test with successive measurements of the variation of
whole blood conductance for time.

This method is far more sensitive than Westergren’s method, and it is enough to
judge only after several minutes. ‘

The increasing trend of conductance value in initial stage was also investigated in
this experiment.




