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The primary objective when studying pulsed alter-

Very recently, interest m the possible
nonthermal
effects of high-frequency
temperatures which could be produced in ground horse,
meat and in the thigh of the living animal (the dog).
alternating currents has been renewed.
The secondary objective was to study the phenomenon
0
The development of the diapulse mal~~Jr~~(I~~
chine, which has been made available
in order to learn whether or not these effects were
peculiar to the intermittent short-wave machine under
for investigative studies, is arousing some
study, a comparative study was made by use of the
well-known medical diathermy equipment which genercuriosity about effects other tqan those
ated alternating currents continuously and at the same
frequency. Significant rises in temperature were proattributable to heat. This machine is
duced during an exposure time of 20 minutes to the
diapulse machine when the controls were set at the
a
high-frequency (27.12 megacycles)
two highest outputs. When the controls were set at
lower positions and when the exposure time was 20
impulse generator. It is designed to
minutes, no rise in temperature was observed by the
method employed for measuring temperatures, namely,
produce pulses at repetition rates ranging
the thermistors, and under the experimental conditions
from 80 to 600 per second. These pulses
described. Similar rises in temperature could be obtained with continuously generated alternating currents
are timed, as claimed by the designers of
when the output was properly adjusted. The pearl-chain
formation was demonstrated as easily with very low
the machine, so that the heat generated
outputs of the standard diathermy equipment as with
the diapulse. machine. The heating pattern of the
by a single pulse can be dissipated before
diapulse machine was determined by two different
methods, that is by the egg-white method in which the
the next pulse is received. This machine
egg is coagulated by heat and by a method in which
color changes occur with suitable rises of temperature.
has been used clinically for many years
1
The therapeutic use of high-frequency by Ginsberg. During this time a limited
number
of
pertinent reports have apalternating currents to generate heat
within the body tissues is well established. - peared in the literature.
This procedure in clinical use is called
· Review of Literature
"medical diathermy," and by its application the 'temperature of the tissues does
In 1940 Ginsberg1 stated that he
not exceed the level desired for reversible
successfully treated many hundreds of
effects. Medical diathermy obviously
patients with acute and chronic infecwas introduced after the discovery that
tions by means of an athermic short-wave
alternating currents above a frequency
apparatus. (intermittent high-frequency
of approximately 10,000 cycles per
field), which later was named the "diasecond caused tissue heating'. The pric
pulse machine." He claimed that this type
mary purpose, therefore, for introducing
of intermittent high-frequency treatment
high-frequency alternating currents into
stimulates the defense mechanisms of
the field of physical medicine was
the organism and has effective bacteriheating. Of course, high-frequency alcidal action without any elevation of
ternating currents are used in surgical
temperature in the treated areas or in the
extirpation or destruction of certain
whole organism. DeCamp, 2 in 1942,
tissues, but this aspect is not in the realm
explained the athermia or absence of rise
of our present study.
in temperature during application of
In spite of this historical background
such a rapidly alternating rhythm by the
the question arises repeatedly: Does
medical diathermy have effects other
Fellow in Physical Medicine and Rehabilitation.
Foundation and Mayo Clinic.
than those attributable to heat? Several MayoSection
of Physiology, Mayo Foundation and
able investigators who have searched for Mayo Clinic.
Section of Biophysics and. Biophysical Research,
the answer to this question have come to Mayo Foundation and Mayo Clinic.
Senior Consultant and Former Head, Section or"
the conclusion that all the effects of Physical
Medicine and Rehabilitation, Mayo Foundaand Mayo Clinic.
short-wave diathermy are attributable to tion The
Mayo Foundation, Rochester, Minn., is a
part of the Graduate School of the University of
heat.
Minnesota, Minneapolis.
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nullification of the heating effect during
the long "off pulse" which permits the
organism to dissipate the heat before
the next "on pulse." This he based on
the fact that "the oscillations flow for
1/ 17,000 of a second ( on pulse) and
then are completely cut off and remain
off 60 times as long." He claimed that
the athermic effect can be demonstrated
by exposure of diluted milk to the intermittent oscillations, thus bringing about
alignment of the fat globules in the milk,
which return to their original haphazard
position when the current is turned
off. However, the exposure of the
milk to continuous oscillations causes the
globules of milk to coalesce because of
the heat produced and to remain agglomerated after the current is cut off.
In his appraisal of the physical and
physiologic effects of the diapulse machine, Lion 3 suggested the probable
existence of a specific effect which
deserves investigation.
In his more recent experience,
Ginsberg 4• 5 exposed the liver. areas in
certain cases and the adrenal areas in
others, especially in allergy, and suggested that these are the most effective
means of arousing defense mechanisms.
Temperature Studies

Before we decide whether or not we
should use a new form of therapy for
controlled studies on patients, we prefer
to perform the experiments on phantoms
and animals. In these studies, we considered the following questions:
1. Is there any significant elevation of
temperature during intermittent shortwave application ( diapulse) to phantoms
of meat?
2. If there is heating effect, what is
the heating pattecn of the electrode?
3. Is there any significant elevation of
temperature in the tissues of the living
animal?
4. Is there a demonstrable difference
between the intermittent short-wave
treatment and continuous short-wave
treatment?
5. According to the technic we are
using in our studies what conditions, if
any, produced no observable rise in
temperature?
•
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Drum electrode of diapulse machine,

side view.

A quantity of ground horse meat, in a

loaflike form, 20 by 20 by 3.5 cm., was
exposed to the diapulse electrode ( a
drum with a surface diameter of 20 cm.;
fig. 1) for at least 20 minutes. The meat
was covered with a polyvinyl resin
(vinylite) to prevent evaporation and
cooling. Three thermistors were placed
at a depth of 1.5 cm. in different positions in the meat: one in the center, a
second at 5 cm. distance, and a third at
9 cm. distance from the center. The
center of the drum electrode of the diapulse machine was centered above the
surface of the meat at a distance of 1
cm. At maximal output (with the dial
set at 6-6) there was a linear progressive
rise in temperature of the most peripheral
thermistor which registered 4.1 C. after
10 minutes, and 9.1 C. after 20 minutes;
the most central thermistor showed almost 2 degrees rise in temperature at the
end of 20 minutes, and the rise in
temperature of the middle thermistor
was intermediate between these values
( fig. 2a) . A lower output resulted in
less elevation of temperature. There was
no measurable rise of the temperature in
horse meat after exposure for 20 minutes
at an output of 4-4 or less ( fig. 2b).
In other experiments, a layer of fat
0.5 cm. thick was placed on top of the
meat and was covered with vinylite. The
thermistors were now placed 1.5 cm.
under the surface of the layer of fat
leaving the distance between the drum
electrode and the surface again at 1 cm.
The distance from the thermistors to the
electrode was consequently the same as
in the former experiments. A similar
rise in temperature in the meat was again
found, but it was of lower magnitude
than when no lard was used; the maximal rise was 3.6 C. after 10 minutes and

l

COMPARATIVE STUDY-WILDERVANCK, et al

~

.
....

2

----

~-!!.----""

,,"'

.,,,.,,, ,,

____ .........

-::::-:.~- -- .. --- --,o-••·! ... -.. ___ ,., . ....

~

20

15

10

a

Minutes

,I10~---'----------~

47

----~

e

~

1

:

6

"-~
-~

4

-- ----- -8

--

---

10

b
Fig. 2 -

20

Minutes

Temperature changes produced 1.5 cm. below surface of ground horse meat in different parts of
6-6 was used. Curve A was
in the ring in which heating

the intermittent short-wave field in a period of 20 minutes. a. Output of
obtained from center of the field; curve B, 5 cm. from center and curve C,
occurred (9 cm. from center}. b. Curves A, 8 and C were obtained with
center of field. ··curve A shows no measurable rise of temperature at output

different outputs 9 cm, from
of 4-4 or les5 curve 8 shows

the rise of temperature at output of 5-5 and curve C at output of 6-6. Curve D shows rise in temperature
at 1.5 cm. from surface of the lard and at output 6-6 when a 0.5 cm. layer of lard was on top of the

horse meat.

6 C. after 20 minutes (fig. 2b, curve D).
By using a drum electrode of a continuous short-wave machine with the
same wavelength and with the meter
reading 100 ma. (Burdick M.F., 1949),
we were able to obtain a similar linear
progressive rise in temperature under the
same circumstances ( that is, electrode
distance, depth of thermistors, volume of
horse meat, and cover of vinylite) . The
magnitude of the thermal increase could
be changed by changing the quantity of
energy with both types of machine.
The heating pattern produced by the
intermittent short-wave machine ( diapulse) was in the form of a circular
band having an inner diameter of 12 cm.
and an outer diameter of approximately
l8 cm. <it a given distance, as indicated
in a study of the coagulation of egg
white after 3½ hours of exposure to the
full output (6-6) of the machine at a

distance of 1.5 cm. from the surface
(fig. 3a and b). The egg white was contained in a glass dish 20 cm. in diameter
and covered with vinylite to prevent
evaporation and cooling. The first sign
of coagulation was visible after 3 hours
and was located under the cable entrance. The temperature of the egg white
measured in this area was 49 C.; at the
same time the temperature in the center
of the egg white was only 41 C. Within
half an hour, this hot spot spread in the
form of a gradually closing ring, as
shown in figure 3a and b. With a conductive medium containing :,;.'thermal
indicator as described by .Scott6 and
Bauwens, 7 we obtained a heating pattern
similar to 'that of the egg white, as
shown in figure 3c and d.
Another study was made on th~ living
animal. The studies on the dog definite)y
showed a significant rise in temperatut'e
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Coagulation of egg white. a. After e·xposure for 4 hours to intermittent short-wave current.
b. After exposure for 5 hours, showing the heating pattern of the electrode.
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Fig. 3 - Coagulation of egg whi.e. c. and d. Red spot ("hd spot") i:i yellc-w environment in agar solution
containing a thermal indicator (s'Jown in blbck and white). :. After exposure for 20 minutes to intermittent
short-wave current. d. After exposure for 1 hour shoV'ing the f-eating pattern of the electrode.
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Fig. 4 -

Comparative temperature changes in the thigh of the dog produced in different positions in
the intermittent short-wave field at full output (6-6) and at a distance of 1 cm.

of the subcutaneous tissues and muscle.
Three thermistors were placed in the
thigh, one in the deeper muscle layers,
one in the superficial muscle, and one in
the subcutaneous tissue; all three thermistors were about l cm. apart. Figure
4 shows in the left third of the curve a
maximal rise in temperature of 2.6 C.
during the first 20 minutes when the
center of the electrode was placed above
the muscle containing the thermistors.
Maximal rise in temperature occurred,
however, in the ring band of theJieating
pattern. Whenever the thermistors were
located in the ring which showed heating
from the drum electrode, rise in temperature started earlier and became
maximal within 10 minutes. Continuation of the exposure of the ring band for
a longer period was accompanied by a
reduction in the elevated temperature
(fig. 4, middle third of the curve) which
is attributable to circulatory adjustments
in the muscles. 8
It was repeatedly observed that the
temperature was highest when the thermistors were placed in the ring formed
by the heating and was lowest when the
thermistors were placed away from that
ring toward the center or periphery.
With the technic we employed, no observable rise in temperature occurred at
an output of 4-4 or lower.
By comparing the heating effects of
the intermittent short-wave diathermy
machine (diapulse) with those of the
continuous short-wave diathermy machine (Burdick M.F., 1949) at low

output, we obtained .similar elevations in
temperature.
Pearl-Chain Formation

The "lining up'' effect of fat globules in diluted milk subjected to
intermittent high-frequency alternating
current confronted us with more difficult problems. The statement that
"lining up of fat globules by pulsed
short-wave current could not be
attributed to elevation of temperature"
suggested that this action was specific for
this intermittent type of short wave.
Ginsberg1 emphasized that the same experiments with the continuous short-wave
machine caused so much heating to the
diluted milk that there was coagulation
before lining-up could occur. However,
in consulting earlier literature, we found
that, in 1937, Liebesny9 had read a paper
before the International Congress of
Shortwaves in Vienna and presented a
motion picture demonstrating pearl-chain
formation in continuous short-wave fields
in emulsions and in blood.
In order to determine experimentally
whether pearl-chain formation can be
produced by continuous short-wave diathermy as well as by the intermittent type
of short-wave ( diapulse) diathermy, we
used a chamber as described by Bliih10
with a depth of about 0.1 mm. The
chamber electrodes were connected to a
copper wire loop of about 16 cm. in
diameter, and this loop was placed as
close as possible to the surface of the
drum parallel to the spiral coil (located

I
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in the treatment head of the short-wave
machine). Using the dial set at 1-1 (the
lowest possible output) and a magnification of 900 times, we were able to get a
definite pearl-chain effect in cow's milk,
diluted 15 times with water (fig. 5a and
b). In principle, there was no difference
in the pearl-chain effect when we used
continuous short-wave at the same frequency as the intermittent short-wave
diathermy and with low output. Furthermore, we found it much easier to get the
momentary lining-up (within 1 second)
by using the continuous form ( fig. 5c).
Pearl-chain formation occurs more
quickly in milk exposed to continuous
than to intermittent short-wave currents,
even at a distance of 2 meters between
pick-up and pancake electrode. This was
obtained with the lowest output of the
machine.
•Similar studies were done with diluted
blood. When the blood was not diluted,
it was impossible to obtain a good field
for observing the pearl-chain formation
because the field was too crowded.
Therefore, we decided to dilute heparinized blood with 0.9 per cent saline
solution 100 times by means of a red
blood cell counting pipette. With the
lowest possible output, 1-1 ( as in the
experiments with the milk), the hemolyzing effect was so strong and fast that
it was difficult to make pictures, although we could see the tendency to
formation of chains. Increasing the
distance from pick-up to the intermittent
short-wave electrode gave us the opportunity to produce definite pearl-chain
formation ( fig. 6). Here also the tendency to hemolysis and the formation of
ghost cells were present.
Because we found it necessary to
dilute the milk ( as well as the blood),
we were anxious to know what would
happen in undiluted body fluids. We
chose, therefore, the lymph of a rat in
which clotting was prevented by adding
a trace of heparin powder. Using the
lowest possible output, we easily obtained a pearl-chain formation of the
leukocytes in undiluted lymph ( fig. 7a,
band c).
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Comment

.In 1927, Muth11 described the chain
formation in a short-wave field, using the
double layer theory from Helmholtz and
Von Smoluckowsky to explain the phenomena. Liebesny9 considered the chain
formation in the short-wave field as one
of the most striking supports for the
"athermic" specific short-wave effects.
Scott12 stated that .this phenomenon of
pearl-chain formation in a high-frequency
field should be regarded at present as of
academic interest only.
Schwan, 13 however, pointed out that
the only example of nonthermal effects
which has· been a subject of somewhat
more detailed analysis is the tendency of
microscopic particles to rearrange under
the influence of electrical fields and form
chains of particles in the field direction.
Schwan made a plea for more quantitatively conducted research to clarify this
phenomenon. Moreover, he stated that it
is difficult to understand that erythrocytes have been reported to "line up" in
a high-frequency field, since erythrocytes
show nearly identical electric properties .
as plasma and should therefore not align.
However, the blood for alignment purpose, as we experienced, must be diluted
with saline, which probably changei the
electric properties· of plasma.
The pearl-chain formation of the leukocytes in lymph occurs without dilution
of the lymph. It is of importance to
determine whether the shape and form
of the particulate materials have any
influence on alignment and whether the
dielectric constant of the suspending
medium plays a role.
In our studies we used both the
intermittent and the continuous highfrequency oscillations, and we found
that bcith effectively induced alignment
of particulate matter in a liquid medium
such as diluted milk, diluted blood, and
undiluted lymph. We could not detect
grossly any major difference in effect
on pearl-chain formation in either. the
intermittent or the continuous oscillations. Therefore, we do not consider
the phenomenon of pearl-chain formation as a specific property of intermittent
oscillations.

,.
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fig. 5 - Milk diluted 15 times as seen under the microscope. a. Before expcsu:e; note haphazard di~ribution
of fat globules. b. Pearl-chain formation after exposure to intermittent hart-wave current (diaJ=,ulse) at
lowest output. c. Extensive pearl-chain formation after exposure of continrous short-w::ave current ~Burdick
M.F., 1949) at lowest output.
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Fig. 6 - Heparinized blood diluted 100 times with 0.9 per ce11t •c'line solution as -seen under the micro•
scope. a. Note haphazard distribution of erythrocytes. b. After eitposure to cort"inL•ous short-wave current
at lowest output. Note t~e pearl-chain formation. c. Three i,ir11..1es after th~ cii rrent was turned off.
·
Note haphazard distributio;i of eryhrccvtes again.
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fig, 7 - a, band c. Undiluted heparinized lymph a: see, unde- tl-e r.,icroscoF2, o. Before expo;ure; note
haphazard distribution of leukocytes. b. After expos, r,3 for 2 mi n11ies to intern-ittent s=hort-wavi2 .:urrent at
lowest output. Note pearl-c1ain fo·.m:::itio~ c. Af·er exposure fa,~ 4 minutes.
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Summary

The primary objective of this study
was to determine the temperatures which
could be produced in ground horse meat
and in the thigh of the living animal
(the dog) by the "diapulse machine."
The secondary objective was to study
"pearl-chain formation." Finally, a comparative study was made with diathermy
equipment which generated alternating.
currents continuously and at the same
. frequency.
Significant rises in temperature were
produced during an exposure time of 20
minutes to the diapulse machine when
the controls were set at the two highest
outputs. ,¥hen the controls were set at
the 4-4 positions or at lower positions
and when. the exposure time was 20
minutes, no rise in temperature was observed. Similar rises in temperature
could be obtained with continuously
generated alternating· currents when the
output was properly adjusted.
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