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I\T1cro“a\ es are electromacnetlc r'ldlatlons with wav elencrths betweelI N
1 meter and 1 millimeter.! ThlS corresponds to a frequency range of 300 to . - -
300,000 megacycles per second.. Their optical properties, which enable them - - .

to be reflected, refracted, diffracted and polarized, may make these radiations
convenient for therapeutic use, for they can be focused and directed. Micro-

waves could be used therapeutically to produce heat, when an oscillator with .

sufficient power output could be manufactured. The magnetron, an oscilla-
tor ‘which could generate microw aves, was described by A. W. Hull? in 1921,
but its output was too low. During the two decades from 1921 to 1940, a

few types of magnetrons were developed, with progressive increases in the
power output and frequency. By 1940 the British had developed the mag-

netron to the point at which there was a high power output even at the

highest frequencies of the microwave range. This multicavity magnetron =
was brought to the United States, and the first Anierican experiment was °.°

performed on Oct. 6, 1940.! Although the energy output was sufficiently
high, the use of the magnetron for military purposes pre\ ented 111\lest1crat10..
of its therapeutic potent:ahtlea at that time. . -

The first reports concerning the biologic effects of microwaves 1ppearet. .

during World War II and were concerned with very short bursts of energy,
such as were used in connection with radar work. Follis® showed that ra-

diations of this type had no ill effects on guinea pigs.- ‘Leden and associates®.
studied the effects of microwaves on tmmed and anesthetized dogs and found- "+~

that there was an increase of cutaneous, subcutaneous and muscle tem-
peratures in the exposed extremity, accompanied with an increase of blood
flow. Worden” and his co-workers found increases in the temperature of

normal and ischemic tissue in the dog after exposure to microwaves. Kemp
and his associates® reported an. increase of blood flow in the anesthetized @ :
dog after microwave diathermy. After having ob’mmed definite heating of '
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the effects of microwaves on nor-.
study was to. determine the effect
and of different periods of exposure to
heral circulation and on the tissue tem-

an.  Special attention was directed toward
ptimal effects on tissue temperature and on the

. This stud}v'was made on 50 normal human subjects, 37 men anidb 13 women. The
- total number of observations made was 254.  These were divide

d into two groups, one
d flow studies. In the
temperature, the -tem-

means of copper-constantan thermocouples,  The -muscle

of 1.5 em.  The subcutaneous thermocouple
e shaft was underneath the skin,

The cutaneous

the skin close to

It was weighted so that it w

the other two but not in contact with
ould exert identical pressure on the skin in ali

arious regions of the * -

. observations. The three thermocouples were placed in.the zone of maximal energy
according to antenna Dpattern, which in this. case is 3 mm. outside the outer margin
" "of the director of the microwave generator, in an area where there ‘were no visible
* . blood "vessels. The galvanometer deflection which resulted from the difference of
. -temperature between the reference and the recording thermocouples was recorded vis-
“ ~ually, The studies on blood flow were done on the éxposed and on the contralateral
extremity with the venous occlusion plethys
. recorder.?, i )

" The source of the microwaves to which the forearm ‘was exposed was the air-
- cooled multicavity magnetron. The frequency of these electromagnetic -radiations
. was 2,450 megacycles persecond (corresponding to a wavelength of approximately
.12 em.). The energy was transported from the oscillator 'to the director by means
~ of a coaxial cable. The hemispherical director, with a diameter of . approximately 9
.em, was used in this study.” The distance from director to skin was 5 cm. in all the
;- observations. ' S R CoE T e s L e
. Control readings of peripheral blocd flow or temperature of the fissues or both
- ‘weré .determined after the subject had been lying quietly for at least half an hour
. in a room the temperature of which did not vary during the observations. Exposure
:".to the microwaves was not begun until the blood flow and the temperature were fairly
" constant, The microwaves were applied to the volar surface of the forearm, with the
7+ proximal margin of the director approximately 8 cm. from the elbow. In all but 26
: ”observations‘b]ood flow readings were taken five minutes after the end of the period
.. of ‘exposure to the microwaves. In these 26 observations, which will be referred to
© .+ later, the first blood flow readings were taken on an average of 6.8 minutes after the
"' microwaves had been turned off. In some experiments additional blood flow deter-
minations were made ten .minutes after exposure to microwaves. In those subjects
“7=7.:on whom blood flow studies were made, the -cutaneous .temperature was taken on the
’ exposed extremity immediately'aftexj; éxposure -to microwaves and again one minute
, after. The temperature of the unexposed extremity was taken one minute after ex-
- posure to microwaves. In those subjects whose ‘temperatures were taken . by nieans
' 1 st readings were taken one minute after the end of heating,
could not be'left in place during the period ’
" cause of the heating which occurs in metals in the radiation field, m
on the skin so that they would be inserted at the same place.
: _ often taken every miinute for five minutes, while in a few
© . was continued for forty minutes, with readings taken at
In 133 observations- the oral temperature was take
“pulse rate also was taken before and after exposure to

arks were made
Additional readings ‘were
subjects the temperature study
five-minutg intervals,

n, and in 73 observations thne
microwaves, -

“+8 Berry, M. R;; Baldes, E. J.; Essex, H. E., and Wakim, K. G.1

T. Lab. & Clin. Med. 33:101, 1945, ‘




~ perature reached was 39.4 C. in the skin, 41.2 C. in the subcutaneous tissue - '
and 41.7 C. in the muscle. In 10 observations the greatest rise of tempera- . . " -

i \IICROWA\/E GERSTEN, ET AL e

W e ‘ 4 Results o e T
Tempemture Studies (Table 1; Charts 1, 2, and 3) — One Mmute of

Exposure at 80*Watts (10 Observatlons) 1he average rise of cutaneous .

temperature was 1.6 degrees C., with a range from 0.8 to 2.2 degrees the -’

average rise of ‘subcutaneous temperature was 1.8 degrees C, with a range

from 1 3 to 2.6 degrees; the average rise of muscle temperature was 1.4 de- -+

grees, with a range from 1.0 to 1.7 degrees. The maximal temperature 5'
reached in the skin was 35.8 C.; in the subcutaneous tissue and in the muscle -

the.maximal temperature was 367.C. In 3 observations the greatest rise of . .

temperature took place in the skin; in -4 the greatest rise occurred in the
subcutancous tissue; in 2 the rise of temperature was the same in skin and
subcutaneous tissue, and in 1 the rise of temperature of subcutaneous tissue

TasLe 1. — Effect of Microwaves on Temperature of Skin, Subcutancous Tissue and Muscle. . *.- .

g 2 o T g . .
;EEEE‘ I R 4-..A,'~f N 4‘_5
g:",-g? § Cutaneous Temperature, °C. Subcutaneous Temperature, °C. Muscle Temperature, °C. . ",
2cs g Before After Before After Before After R
© 28 .= Exposure Exposure Increass Exposure Exposure Increase Exposure .Exposure Incrca<e N
R R O Mean S.D. Mean S.D! Mean ,D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean $.D.Mean S.D, -,‘
80 1 10 33.8 0.30 35.4 0.26 1.6 0.47 34.3 0.28 36.1 0.31 1.80.45 34.8 0.20°36.2 0.20 1.40.23 "
80 5 26 328 0.96 37.3 1.14 4.5 1.02 33.6 1.07 388 1.25 521.31 34.0 1.28 39.5 1.34-5.51.19
80 10 25 33.5 0.97 38.3 1.07 4.8 1.38 33.9 1.20 39.6 1.42 5.7186 34.7 1.10 40.8 1.93 6.1 143 -
80 15 10 32.7 1.47 37.5.0.61 4.8 1.72 33.8 1.84 39.3 064 5.52.38 34.4 1.66 41.1 0.56 6.7 1.32
80 20 25 33.5 0.97 38.2 1.43 47 1.64.33.9 1.20 39.7 1.51 581.81 34.7 1.10 414 1.40 6.71.74 .
80 25 10 33.7 0.46 38.0 0.46 4.3 0.77 34.0 0.42 39.0 0.53 5.00.65 34.7 0.24 40.0 0.82 5.30.84. -
80 30 10 33.0 0.45 35.9 057 29 1.01 34.2 0.64 37.6 0.78 3.41.28 34.7 0.46 39.0 1.02 4.31.29
60 15 10 33.5 0.74 37.6 0.49 4.1 0.80 34.5 0.63 39.3 0.63 4.81.00 34.7 0.60 40.9 0.28 6.20.62 -
60 20 10 324 0.75 37.4 0.85 5.0 0.75 33.4 0.70 38.8 1.05 5.41.11 34.3 0.64 40.9 0.72 6.60.63"
60 30 10 33.0 0.31 36.7 0.56 3.7 0.60 34.2 0.40 382 0.79 4.00.84 34.8 0.32 40.2 0.84 54083 ~

-and muscle was the same. The preheatincr temperature was highest in the

muscle in all 10 observations. After the completion of the exposure to micro-- -
waves, the temperature was: hlghest in the muscle in 8 observatlons and
highest in the subcutaneous tissue in 2.
Five Minutes of Exposure at 80 Watts (26 Observ atlons) The averagc
rise of cutaneous temperature was 4.5 degrees C., with a range from 3.0
to 7.3 degrees; the average rise of subcutaneous temperature was 5.2 degrees,.
with a range from 2.3 to 7.5 degrees; the average rise of muscle temperature
was 5.5 degrees, with a range from 3.9 to 8.6 degrees. The maximal tem-

ture took place in the subcutaneous tissue; in 14 the greatest increase oc-

curred in the muscle; in 1 observation the rise of cutaneous and subcutane- .

ous temperature was the same, while in 1 instance the rise of subcutaneous
and muscle temperature was identical. The preheating temperature was high- -

est in the subcutaneous tissue in 4 observations and highest in the muscle - °
in 22.  After exposure to microwaves the temperature was highest in the -

subcutaneous tissue in' 4 and highest in the muscle in 22 obser\ ations.

Ten Minutes of Exposure at 80 Watts (25 Observations): The average'& |

rise of cutaneous temperature was 4.8 degrees C., with a range from 1.9 to
8.8 degrees; the average rise of subcutaneous temperature was 5.7 degrees;.

with a range from 2.7 to 10.6 degrees; the average rise of muscle tempera- -

ture was 6.1 degrees, with a range from 2.8 to ‘9.1 degrees The maximal

temperature reached was 409 C. in the skin, 43.0 C. in the subcutaneous .

tissue and 44.2 C. in the muscle. -The greatest rise of temperature occirred
in the muscle in 13 observatlons m the subeutaneous tissue in 10 observa— L
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;< tions <md in the skm in only 2 obser\'atlons The preheatmg tempemture

" was highest in the subcutaneous tissués in 3 observations, hrghest in the
muscle in 21 and identical in subcutaneous tissue and muscle in 1. The

temperature after heatmg was highest in the skin in 1 instance, hwheat in

“the subgutaneous tissue in 4 and highest in the muscle in 20.

. - Fifteen Minutes of Exposure at 80 Watts (10 Observations): Thc

" average rise of cutaneous temperature was 4.8 degrees C., with a range from
26 to 7.8 degrees; the average rise of subcutaneous temperature was 5.5

de"rees with a range from 1.8 to 8.9 degrees; the average rise of muscle

temperature was 67 degrees, with a’ range from 5.2 to 93 degrees. The

_ maximal temperature reached was 38.6 C. in the skin, 402 C. in the sub-

- cutaneous tissne and 42.0 C. in the muscle. The greatest rise of temperature

took place in the subcutaneous tissue in 2 observations and in the muscle

in 8.. The preheating temperature was_highest in the subcutaneous tissuc
.in 1 observation, hlghest in the muscle in 7 and identical in subcutaneous

Vi " tissue and muscle in 2. The temperature after. exposure to microwaves was

hrfrhest in the muscle in all 10 observattons
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Chart 1 —_ Eﬂ’ects ‘of exposure to microwaves (60 and.80 watts) on blood

flow and on tissue temperature in the treated extremity. Blood flow read-
_ings were taken five minutes after microwaves had been turned off. Tem-
. perature readings were taken onel minute after microwaves had been turned
Tl off Lach pmnt is thc average of °9 tod"b ohier\atlon¢ as mdlcated in tables
. B .., .7, 1lan

o

Twent) Mmutes of E\po=ure at 80 Watts . (23 Obser\atlons) "The
'a\eracre rise. of . cutaneous temperature was 4.7 degrees C., with a range
from'1.1 to 9.3 deﬂrees the average rise of subcutaneous temperature was

2. 58 degrees, with a range from 3.1 to 9.9 degrees; the average rise of muscle

temperature was 6.7 degrees, with a range from 2.8 to 11.1 degrees. The
—maximal temperature reached was 42.8 C. in the skin, 44.2 C. in the sub-
" cutaneois tissue and 45.0 C. in the muscle. The greatest rise of temperature-
. occurred in the skin in 1 observation, in the subcutaneous tissue in 5, and
% in the muscle in 18, while' in 1 observation the rise of temperature of sub-

.




: tutaneous tissue and musc]e wis the samie. lhe 1meemtme before e‘<-
posuré to microway es was h1é,hest in the subcutaneous tissue in 3 observa-
tions and highe8t in"the muscle in 21, while in 1 these two tlSSUCS were at
the same temperature. - After heatmg, the tempemture was hlghest mn the

. Subctitareous
Jlissue

Temperature Fise —‘~‘Cf .

Durcs.txon of heatmg mmutes\

N i Chart 2. — Eﬂects of exposure to microwaves (80 watts) on trssue tem-’
- perature in the treated extremity. Temperature readings were taken one .
minute after microwaves had been turned off. Each point is the a\erage of -

.10 to "6 obsenatrons, as mdrcated in table 1, -

.

sl\m in 1 obser\/atlon, hrghest in the subcutaneous tissue in 2 hrghest in the :
muscle in 21 and the same in subcutaneous tissue and muscle in 1.
Tw enty- -Five Minutes of Exposure at 80 Watts (10 Obser\fatlons) The
average rise of cutaneous temperature was 4.3 degrees C., with a range from~
3.5 to 5.8 degrees; the average rise of subcutaneous temperature was 50 -
degrees, with a range from 43 to 6.6 degrees; the average rise of muscle -
temperature was 5.3 degrees, with a range from 4.1 to 6.5 degrees. - The .
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" 'Chart 3 — Effects of exposure to microwaves (80 . watts) on blood flow

to and on_ tissue temperature in the treated extremity. Blood flow readings-

were taken five minutes after the microwaves had been turned off.  Tem-

perature readings were taken one minute after the microwaves had been - L

X - turned off. The height of each bar represents the average of 8 to 26 ob CE Lk

s e t. . . servauons, as indicated in tables 1 and co . © B
maxrmal temperatme reached was 389 C. in the skin, 1397 C in- the sub-
cutaneous tissue and 41:0 C. in the muscle. The greatest rise of temperature
took place in the subcutaneous tissue in 4 observations and in‘the muscle in 6.
The temperature was highest in the musc]e before arrd after e\cposure to

microwaves in all 10 observations. - . - Cea I T .‘

K R

Thirty Minutes of Exposure at 80 Watts (10 Observatlons) The aver-
age rise of cutaneous temperature was 2.9 degrees C., with a range from 1()
to 4.3 degrees; the aveérage rise of subcutaneous temperature was 3.4 dewrees
with a range from 0.8 to 4.9 d_egree the average rlse of muscle temperature
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“to 6.0 degrees. The maximal tem-
n, 38.7 C. i the subtutaneous tissue

-In 1 observation the greatest temperature rise °
occurred in the subcutaneous" tissue,
increase took place in the

_ .. perature was in the muscl

while in the other-9 the greatest
all 10 observations the highest tem-

e both before and after exposure to microwaves,

s of Equsure,at 60 Watts (10 Observations) :

‘The aver-

" . age rise of cutaneous temperature was 4.1 degrees C.,

e,

L. 32 to 54 degrees; the average rise of su

N

~*.y - cutaneous tissue-and 41.3 C. in the muscle.

AL T e o est temperaturé rise oceurred in the muscle.
i ", the temperature was highest in the subcu

observations. . After exposure to microwav
" ~in the muscle in all 10 observations,

.~ -highest in the muscle in 7 observations and

"~ 723 to 42 degrees; the average rise of sub
- temperature was 5.4 degrees, with a range
maximal temperature reached was 37.4 C.i
cutaneous tissue and 41.3 C. in the” muscle.
7 ture occurred in the muscle in all 10 observa
"+ the postheating temperatures were highest i
~_tions. R S ST T
S Rate of Cooling: In 51 observations
"+ cutaneous tissue and muscle were recorded
- .- after the microwaves had been

A

. fall"of temperature was

“.*." exposure was for five minutes at 80 watts, a
“.utes at 60 watts. In 1 of these 11 observati
70577 ture returned to: the control level forty-five
L7 7 had been turned off. Im no other instance

Site of Hiéhest_Temperature:

. . I S .oy
LT S .

., degrees, with a range from 3.2 to 6.0 degrees;

S " Twenty Minutes of Exposure at 60 Watts (I0.0bser\'atioﬁs) : The aver-

degrees, with a range from 2.2 to 5.2 degrees;

-2 «"second minute after the microwaves had been turned off
... duction of temperature occurred in-the subcutaneous tissue.

‘ greatest in the muscle (table 2; .chart 4).
- observations the temperatures were recorded for fifte
~.after the termination of exposure to microwaves.

with a range from
bcutaneous

' , the average rise of muscle

IR temperature was 6.2 degrees, with a .range from 5.1 to .6.9 degrees. The
1t DS maximal temperature reached was 383 C. in .the 'skin, 40.2 C. in the ;sub-
P RS N

In all 10 observations the great-

Before exposure to microwaves

taneous tissue in 1 observation, -
identical in the two tissues in 2

es the temperature was highest

- The a\!er;

,5‘: - .. age rise of cutaneous temperature was 5.0 degrees C., with a range from
’:E; o 3.8 to 5.8 degrees; the average rise of subcutaneous temperature was -5.4
N T, degrees, with a range from 3.7 to 7.0 degrees; the average rise of muscle
© A ‘.. temperature was 6.6 degrees, with a range from 5.5 to 7.8 degrees. The
sl ~+, " maximal temperature reached was 38.5 C. in the skin, 40.1 C. in the sub-
8 “' " cutaneous tissue and 42.1 C. in the muscle.. The greatest rise of temperature
w7 - took place in the subcutaneous tissue in 1 observation and “in the muscle
R E , " in 9 observations. The preheating and the‘jpostheating‘temfge'_ratures.‘_wer"c
(ot ~highest in the muscle in alf 10 observations. . - T
LR : -+. * Thirty Minutes of Exposure at 60 Watts (10 Observations) :

: A age rise of cutaneous temperature was 3.7 degrees- C,

cutaneous temperature was 4.0)
the average rise of muscle
from 40 to 6.4 degrees. .The -
n the skin, 39.6 C. in the sub-
The greatest rise of tempera-
tions. Both the Ppreheating ‘and
n'the

the temperatures of'the skin, sub-

every minute for five minutes’

turned off. For all three tissues the rate of
.« -reduction of temperature decreased with the passage of tinie.

During the

‘After that the
In 11
en minutes or: longer .
In 9 of thesé observations -
nd in 2 it was for twenty min-
ons the subcutaneous tempera-
minutes after the microwaves
did the temperature return to

the control value during the period of obsérvation._ ' cy el

temperature was 4.8

with a .range from

'n1u§c1e in all 10 observa-.

o

» the greatest re-

Temperature studies of the tissues w;:ré R



SR \I[CROW \/}<-—GJ~R5TEN FT AL
dun(, in 146 observatlons ~The tontrol ttmpemtule was hlﬂhcst in the sub
cutaneous tissue in 12, was higliest in the muscle in 128 and was ‘the same
in subcutanegus-tissue and muscle in 6. After exposure to microwaves the -
temperature was highest in the skin in 2, in the subcutaneous tissue ‘in 10
and in the muscle in 133 and was the same in subcutaneous tissue and mus- :

TABLE 2 — Chmue of Ttsme Temﬁeramre Aj'te: Cessaiwn of Healmg

. Tunperature Decrease, Degrees Centigrade:

Time After Cessation of

Muscle

~ these 8. observations the changes of temperature gradient were as follows:
“muscle, while, after heating, the temperature ‘was highest in the’ muscle"'

-after heating, it was in the skin; in 1 the highest control temperature was -

“of 8 per, cent in the blood flow in the exposed extremrty, with a range from’ T‘

‘turned off., The average rise of cutaneous temperature in the unexposed

Heating, Minutes Skin Subcutaneous Tissue
1t02 . . S 046 . 072 064 .
2to3 ¥ 036 - - o 044 0.53 .,
3tod 023 - " S030 & 041 .. "o
4t05 - 0.19 e 020, ‘
, 1 08—
: - 0.7
o 3
i ek
a 8
3 0.5
§
tw
0.4
¥
T 3 o3l :
Ky - Q .
. ’ § ST«
. & .
o > . [ ST
i " ;
. R ! Dunng ind 'Brd . uh
e ’ . Minutes ofwr heotmg
' ~ ’ Chart i - Decrease of temperature of skm, subcu-' :
o . taneous fissue ard muscle after .microwaves had been -
e L - turned off (for example, the temperature decrease dur-
: ) . ing the second minute after the microwaves had been
. turned off is equal to the temperature at one mipute-’
. o s minus thit'at two minutes). Each point is the aver-
_'“' . . . age, of 51 obsenanops . -‘—;i?‘
clein 1. In these 146 observanons the preheatmcr temperature gradrent was ,

changed in only 8 obsérvations as a result of exposure to microwaves. In"~
In 5 the preheating temperature was the same in subcutaneous tissue and -
in 1 the hrghest control temper'tture wds in the subcutaneous tissue, and, -

in the subcutaneous tissue, and, after heating g, it was in the muscle; in the -
remaining -1 the highest preheatmg temperature was in the muscle -while .
the highest temperature after heating was in the skin. .

Blood Flow Studies (Tables 3 and 4; Chdrts 1 and 3). — Frve Mmutes
of Exposure at 80 Watts (20 Observatrons) There was an average increase

~25 per.cent to +44 per cent. In the unexposed extremlty there was, an’
average decrease of blood flow of 2 per cent. The average increase of cu-
taneous temperature in the exposed extremity was 5.0 degrees C. imme-
diately after and 4.2 degrees one minute- after the microwaves had been -

extremity was 0.2 degree C. In 6 observations in which oral temperature was.
taken before and after e\posure to microwaves, it averaged 98. 5 F.both before '

and after exposure.’

Ten Mmutes of E\powre at SO \Vatts (20 Observatxons) There was
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‘an average increase of 13 per cent in the blood flow in the exposed extrem-
. .ity, with a range from -5 per cent to -+40 per cent. In the unexposec
-extremity there was an average decrease of blood flow: of 5 per cent, The

- average rise of cutaneous temperature in the exposed extremity was 5.2.

"TABLE 3. —Effects of Microwazes on the Blodd Flow in the Treated Extremity

-2 &, -
a1 8 : e ) o =, Percent-
~ s = B . : ! Increase aget in-
5 £g 2 FlowBefore Flow After Increase Percentage*  Flow Before Flow After  of Flow, crease,.
& 5% 9 Heatmg._ Ce. Heatmz.‘Cc. ot Flow, Ce.  Increase Heating, Cc. Heating, Cc.  Cc. Per of
"5 39 A& PerMin, Per Min, Per Min, of Flow Per 100 Cc, Per 100 Ce. 100 Ce. Flow,
oAl © Mean S.D. Mean S§.D. Mean S.D. Mean S.0. ° Mean §.D. Mean S.D. Mean §.D. Mean |
80 5 20 161 594 "176 759 15 31.0 8 175 916 314 994 404 08 19 8.
-80 10 20 162 573 179 752 17 219 12 133 910 358 1030 382 12 13 13 -
8015 .9 109 393 135 500 26 26.1 25 193 776 242 942 193 17 1.5 21 -
80 17 10 96 260 127 20.1 31 185 38 205 367 121 759 131 19 14 33
80 20 20 ‘104 502 151 61.8 48 26.1 S5 37.00 690 2350 1020 262 33 17 48 -
80 25 10 95 238 158 253 63 210 75 484 550 121 923 174 37 1.5 67...
- 8027 10 91 218 150 347 59 200 67 218 6.68 246 10.61 3.04 -39 12 359.:
-80 30 10 '109 59.2 173 59.5 63 400 76 57.3 693 242 1145 332 45 “31 65
60 15 10 ‘117 319 1353 414 36 236 33 229 827 298 1076 363 23 16 30 .,
6020 13 81 316 97 36.5 177229 27 336 658 208 812.32 15 23 23.
60 30 12 98 431 124 49.0 26231 37 365 684 246 871 212 19 17 27

. “Averggé of the percentage increase for all observations in a group (as indicated under the numhe}:;,
‘= " of observations). : .

. T Ratio  of the average increase of flow after ‘heating to the average flow, before .heating, in -cc. per- -
100 cc. of tissue. . . ! . R ! S :

s . degrees C. immediately after exposure to microwaves and 4.5 degrees one
. minute after. The average rise of cutaneous temperature in the unexposed
extremity was 0.1 degree C. Oral temperature was taken in all 20 observations.
The average oral temperature remained the same before and after heating —
©. '~ 'namely, 984 F. I P e
" . Fifteen Minutes of Exposure at 80 Watts 9 Obser\'at{oné); The aver-
age increase of blood flow in the exposed extremity five minutes after the
7 - microwaves had been turned off was 21 per cent, with a range from —1{
per cent to +48 per cent. Ten minutes after heating the average increase .

‘ "TABLE 4. — Effect of Microwiaves on the Blood Flow in the Untreated Extremity,

* 7 Duration Flow Be- . Flow . -~ -
Sl of Heat- fore Heat- After Heat. Change of Flow, . R
T Qute ing, - ing, Cc. Per ing, Cc. Per Ce. Per S.E.* . . . "~ Change
w =< %7 put,- Min- Obser. 100 Cc 100 Cc. - 100 Ce. - Cc.Per .. - . of Flow,
..A'.", - 'QVatts utes vations_ Mean SD Mean  S.D. Mean S.D. 100 Cc. t . P Percent
- 5 20 987 400 965 454 -022 198 043 049 0706 —2
.10 20910, 3359 860 340 . —0350 1.07. 024 .208 005 . . —5
15 9.776 250 696 218 —080 113 038 218 0.1-0.05 ' —10
17 10 712 " 1.73 713 . 166 4001 | 133 042 0.02->09. . 0
20 20 760 324 800 352 +040 141 032 125 0302 . 45 .
207 26 820 204 7130 226 —090 272 053. 1.70 0.1 —11
;25 10560 117 624 137 +064 077 024 266 0.05-0.02 411 " .
.27 10 665 "1.64 666- 101 +00t  1.34. 042 072 >0.09 0

30 . 10. 724 273 . 779 71.82 +055 224 071 077  05-04 - +8° ‘
15, 100 805 236 829 239 +024. 212 067 036. 0807 ) :
20 13 706 330 6.05 1.83 . —1.01- 273 . 0.76 133 03-02 14 L
30 . 12679 218 . 703 244 . +0.24 1.85 054 - 044 0.7-06

* Standard error of mean change. I

t Blood flow readings’ in this group of absetvations. were taken on an average of 6.8 minutes after -
" cessation of exposure to microwaves. . . R P

of blood flow in the treated eictvremity was 14 per cent. In the unexposed .
E S extremity there was an average decrease of blood flow of .1.0 per cent.. In
-7+ “the exposed extremity the average rise of cutaneous temperature immediately

~ ., after the. microwaves had been turned off was 6.0 degrees  C., while, one

¢ /7. minute after, it was 5.1 degrees. The average rise of cutaneous temperature -
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of the unexposed extremrty was 0.6 degree In 19 observatlons (wh1c1~
included the group in which temperature studies were made) the- average
oral temperature both before and after heating was 984 F. The average’
pulse rate in these observations was 67 per rmnute before and remamed the :
same after microwave diathermy. - : PN
Seventeen Minutes of Fxposure at 80 \thts (10 Obser\/atlons) The -
.average increase of blood flow in the ¢xposed extremity was 33 per cent;
with a range from -4 per cent to 493 per cent. In the unexpected extrem-
ity thére was no change of blood flow. ; 7
Twenty Minutes of Exposure at 80 Watts (46 ObSCI‘thlOHS) In 20
of the 46 observations the first blood flow readings after heating were made
five minutes after the completion of the twenty- -minute exposure to micro-’ '
waves. The average increase of blood flow. in these 20 observations was 43+
per cent, with a range from: —4 per cent to +174 per cent. At ten mmutes
the-average increase of blood flow was 43 per cent. In the unexposed ex- =
© tremity there was an average increase of blood flow of 5 per:cent. In 26 -
of the 46 observations the first studies were made on an average of 6.8
vmmutes after the twenty- -minute exposure to microwaves. In these 26 0b- :
servations the average increase of blood flow was 40 per cent, ‘with a rénge:-
“from -37 per cent to +120 per cent. In the unheated e\trenuty there‘
was an average decrease of blood flow of 11 pér cent. Immediately after.
heating, the average rise of cutaneous temperature in"the heated extrémity. -
‘was 5.6 degrees C., while, one minute after, the rise was 4.8 degrees. The"
rise of cutaneous temperature of the unheated extremity was, on the average
0.7 degree C. Oral temperature was taken before and after heating in 30,
observations. The average preheating temperature was 93.2: F_ whrle the
average postheating temperature was 98.3 F. ' el
Twenty-Five Minutes of F\pOSure at 80 Watts. (10 Observatlons) The :
average increase of blood flow in the treated extremity was 67 per cent, was
with a.range from +30 per cent to +202 per cent. Although it is this value
(67 per cent), which is plotted in the curve analy sis to be considered later, it
.should be noted that 1 observation was far“above the range of increase of:-
the other 9 observations. If this value (+202 per cent) is omitted, ‘the -
. average increase of blood flow becomes +359 per cent, with a range from"
+30 per cent to +83 per cent. This value is much closer to the theoretlcal
~ curve derived. In the unexposed e\tremlty there was an average mcrease
of blood flow of 11 per cent. . S ‘ v

Twenty -Seven Minutes of E\posure at 80 \Vatts (10 Obser\ atxons) The
average increase of blood flow in the extremity exposed to microwaves was
59 per cent, with a range from +32 per cent to +98 per cent. In the unex- -
posed extremity the average flow before e>\p05ure to mlcrowaves “was the
same as that after exposure. S , "

Thirty Minutes of T\pOSLlre at 80 Watts (10 Observatlons) The aver?
age increase. of blood flow in the heated extremity five ‘minutes after the’
» microwaves had been turned off was 65 per cent, with a range from +11
per cent to +199 per cent. At ten minutes the average increase of ﬂ0w e
was 59 per cent. In the unheated extremity there was an average increase”
of blood flow of 8 per cent. Immedlatel) after exposure to microwaves the -
average rise of cutaneous temperature in the heated extremity was 4.4 de- »
grees C while at one minute the average rise was 3.6 degrees. The average '
rise of cutaneous temperature in the unheated extremity was-0.3 degree Oral
temperatures were taken in 19 observations (including the group in- awhich *
temperature studies were made). . The average preheat_m emperature was
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28.53 F., while the average postheating temperature was 98.5 F. In these 19.
~ Observations the-average pulse_ rate before heating was 67 per minute, while -
“after heating it was 65 per minute.” ‘- © I
" Fifteen Minutes of Exposure at 60 Watts (10" Observations) : “The aver-
. age_increase of blood flow in the heated extremity five minutes after the-
_;nicroy\{;lves had been turned off was 30 per- cent, with a range from -3

.. per cent to +73, per cent. . Ten- minutes after "exposure to microwaves ‘tha
" Taverage increase of blood flow was 37 per cent. In the unexposed extremity

there was an average increase of blood flovw of 3 per cent. In 12 observa--

"~ tions (including the group in which temperature studies were made) the
~ average preheating oral temperature was 98.1 F, and the average postheating
. temperature was 932 F. " In these 12 observations the average pulse rate
S before heating was 66 per minute and, after heating, it was 67 per minute,
7 AP . Twenty Minutes of Exposure at .60 Watts (13 Observations): Five .

‘minutes . after exposure to microwaves the average’ increase of blood flow
of 'the. heated_extremity was”23:per cent, with a range from -30 per cent
“~to +92 per cent. - Ten minutes after heating, the average increase of flow - .
. was still 23 per cent. In the unhc,a'tedjextremit_\'r there was an average de-
’ réase’of ‘bl‘ood‘.ﬂp\‘v of 14 per-cent. : Immediately after exposure to micro-
Waves the average rise of Cutaneous temperature in thé: heated extremity
‘was. 5.9 degrees C., ‘while_after one minute the average-rise was'5.2 degrees..
" The average rise of ‘cutaneous temperature of. the unheated extremity was
- 0:5-degree. In 13 observations - (including the: group in which temperature -
- Studies were made)_the average -preheating- oral temperature was 984 F.,
“while 'th_e‘.a\"/ér'age't'e‘mpefaitu_re;af‘tér_,he'a_ting was.98.5 F.  The average control
" “ pulse’rate in 8 observations was 05 per minute and, after heating, it was 69
.. .. .per minute. S ‘ B

.

- - Thirty Minutes of . Expostire at. .60 Watts™ (12 Observations) : - Five
mifiutes after the microwaves had been turned .off there was an average in-
.. Ucrease 'b_f;th__e blood flow of ‘the heated extremity of 27 per cent,” with a range
’”‘.“frfbih:;;_, Per cent to’ ';‘_E1~0§F£Cr;;Q¢nt.;;:At:‘ten’..mir‘mtes the ‘average increase
““of blo6d* flow "was 19 per cent, .. In the-unexposed” extremity there was an
average inc"r.'g_és'e,'df',_blpoq;ﬂ_ow--.oE_ 4 per cent:- Immediately ‘after the micro-
ves had been turned off, the average rise of- cutaneous temperature in the -
neated extremity {\'{J's 49 degrees C-and one ‘minute affer, it was 4.2 degrees.
The- a.\v:e"r‘age.fi's'é‘,#df cutaneous temperature of“the “unheated extremity was
"‘0.7‘d~eg:i';e'»e.:_ In 13 'obsér\}ation_s,v(in.cluding the group in which temperature..
Studies” were made) the average preheating oral temperature’ was 983 F.
“while after heating ‘it was 984 F. .The average -control pulse- rate- was 67
" per iﬁ‘i’nt;tgz, and the pulse rate reinained;:unc}mnged after heating. Lt
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Statistical AhaIyéi_s of Data

jzf\l_@h_'o_tfg”_h7fchéw,'av_:e§aéé increase of temperature was greater for muscular

t:i'gét:n.q than for skin or subcutaneous tissue-in every group but one (exposure
for one minute at &0 watts), it'was important to-determine how significant
..At}.\'ivs.-vc_l_i»ffer@n,c,e-i,t} temperature rise was.- In tables § and 6 a’ comparison .
‘between -the’ heating; of - skin, subcutageous fissue and muscle is given. “The
- té.‘r'ﬁpe'r“a'tﬁ_rg:f,ri*sé::.of_ muscle- was significantly greater than that of. subcuta-
~néous tissue, while -the temperature rise of :subcutaneous tissue .was sig-
*niﬁgangly_‘g_;ﬁgatﬂe&th;t_n_,that,of;skin.:.'. I TR TT TR e R
" A'ﬁélfhﬂt‘z‘xtirﬁportant' problem’ was -the  comparison of blood’flow- and tis- | )
.*Sue temperature after identical periods of exposure; but at different outputs, . )
“.. Chart 5 shows the difference in effect between 60 watt and 80 watt exposure.

P




TdblCS 7 zmd 8 gl\/e the statxstlcal data wlnch emb]e one to compare the
effect of the two outputs used in this study. T Gl
After compasing the effects of dlfterent outputs at’ any ‘given tlme in-
terval, we studied the effect of various durations of heating at one output.
The temperature changes after exposure of the forearm for different periods’
at 60 and at SO watts and the change of blood flow after exposure at 60 wattq

TAI}LE 5 - C ompamon of Temperature Rtse of Skm Subcutaneous Tz:sme and Muscle s
After Exposure to M1crowa7/es ) . 3 DR

_ Difference
. = _Between
. Means, °C.

1010

'Standard .

Data Compared - - - Obsewrvations ‘Error, °C."

“minute heat; 80 watts e
Subcutaneous > skin- B 0 020 ..
Subcutaneous > muscle .. -~ 4 016 -
Skin . >muscle o v w0200 017

minutes heat; 80 watts _ P PR
Subcutaneous > skin-- 7 -y, s 2070 7 703300
Muscle > subcutanecus . ., : - i 0 035 -l
Muscle > skin - - ST e 0 ] 030

minutes heat; 80 watts .
Subcutaneous > skin* .
Muscle > subcutaneous .
Muscle > skin- -

minutes heat; 80 watts
Subcutaneous > skin
Muscle > subcutaneous _
Muscle > skin "~ 7 el

minutes heat; 80 watts
Subcutaneous >"skin
Muscle > subcutaneous
Muscle > skin

‘minutes heat; 80 watts -

Subcutaneous > skin

Muscle > subcutaneous |

Muscle > skin

. 003—002
0403 . -
0.01 -

minutes heat; 80 watts . _
Subcutaneous > skin
Muscle > subcutaneous
Muscle > skin "

0403
02-0.1 -,
0.02-0.01.

minutes heat; 60 watts -
Subcutaneous > skin .

Muscle > subcutaneous O i

Muscle > skin o

’01 -
10.01-0.001

<0001

minutes heat; 60 watts

10410,

ous
70010001 %
<0001, - -

Subcutaneous > skin o s 0, R ) S :0.95': .
Muscle > subcutaneous -~ . -7 0 L2 040 300 .
Muscle > skin. . .- e L0160 - 031 --516

minutes heat; 60 watts S e
Subeutaneous > skin 7 - T v 0307 33 . 091
Muscle > subcutaneous .. I B - 038 " - 368
Muscle > skin- . R L v .32, 5.30

04-03, -
0.01-0.001 -
<ogor.

for 15 and 20 minutes are anal) zed from a statnstlcal starldpomt in table 9
The changes of blood ﬂow after e\posure at 80 watts wxll be treated sep-
1rately:*.'-~::-‘ S P S T IR
In charts 6 and 7 the change of blood ﬂow in the exposed e\tremxty (at
80 watts) is related to the duration of exposure.. In chart 6a this .change is:
- expressed in cubic centimeters per minute, while in chart 7a it is e\plessed

as a percentage increase. The curve forms are smnlar an:i are more or less.
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v, After Exposure to Microwaves at 80 Watts. ; .
SR v Mean Dif- Standard . e
) Data Compared ference °C* Error, °C. A R P
., Muscle > subcutaneous .05 T 020 . 2.50 . 0.05-0.02
" Subcutaneous > skin ' .07 : 0.11 . 6.36 <0.001
« " *Mean of average difference in rise of température after 80 watt exposure for uuc,'ﬁ\‘é, ten, fifteen,
_twenty, twenty-five and thirty minutes. Lo L : T
” 4 s o ’ " .. - . . T - .
N oo T - R - — — - o S
‘.f' L0 D 60 watts e o R h
= 5*50'. g K » EIR, ) s .
: - ¢ § . 7 80" watls T .
o N L ' .
v " %G § 40 oo oL / %
- By ~§ A - o / } P
: cw T 83 30 L
©U e . .
- ’ ;-S 20 - . N
id . — . .
i oL 10f- :
. . ; o g ‘- o . . . -
. 3 -3 < X : v
O Q [ . :
TR A g h - S
PR S %; R % g b - C 7
- 3303 0 32 g - g Y
ol L & T d g o8
Y 9.2 q 3 v k]
oA § 33 -3 87 33
RN 5} el P g9 N
a 33 .
I e} .
- Y A
~» ~
3
. ‘& 2 .
R _5 )
s . - 15 minutes 20 minutes 30 minutes
N ° 1 .
LT - ." Duration of heuting . . -
“Chart 5. — Comparison of effects of exposure to microwaves at - . _ X
60 and 80 watts on blood flow and on tissue temperature in the . . R
treated extremity. Blood flow readings were taken five minutes. ST
" -after the. microwaves had been turned off. Temperature readings - S c
were taken one minute after the microwaves had been turned off. L . 4
~The height of each bar represents the average of 9 to 26 ohserva. . R
S tions, as indicated in tables 1 and 3. . R
0 Calculated .
- - -t PR b .

ST

Y . >
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“ symmetrical and signioid, ~ This;"type of function is knowr as a logistic func-
‘tion and may be represented by the following formula: ' RN

 'TaBLE 6. — Comparison of Temperature Rise of Skin, Subcutaneous Tissue and Muscle

®0bsarved

15 - 20 25 30

5

~ - 77 " Duration of heating - minutes

10

S

Chart 6. — Effect of exposure to microwaves (80 watts) on blood flow in the treated extremity. In g the
-ordinate indicates the increase of flow in cubic centimeiers ver minute, while in b the ordinate indicates a
logarithmic function of the increase of flow in cubic centimeters per minute.  Blood flow readings were
taken five minutes -after the microwaves had been turned off. FEach observed point in figire 6a is the

B average of 9 to 20 ohservations. 3
. . - | "L . seL N -
. .3 . VL RO
‘ I g , ) -
. ¢ . R N .




I‘ABLE 7. — Comparzso:: of Eﬁect on Tu.mc Temperature of Exposure to Mmowaw: ar
60 and ot 80 Watts. ; c .

. . . Difference " - B N

. . R ) - Between Standard R .
Data Compared Observations . Means, °C. Error, °C. Tt ' P L
15 minutes heat .- ° 10410 . . o LET e et
60and 80 watts . T Lo TS e A A
Skin (80 >60) - e 07 . 063 1 0.3-02:
Subcutaneous (80 >60) Lo 0.7 . 0.82 08 - 0.5-04 .
Muscle (80 >60). ~. - - - . 0.5 : 0.45 111 0.3-0.2
20 minutesheat . .. - .. " R ST
60 and 80 watts * .. * - 'A , R S T
Skin (60 >80) . .. Lt . 0.3 -, 041" 073+ 0.5-04
Subcutaneous (80 >60) S 0.4 050 7 .0.80 . 0.5-04 - -
Muscle (80 >60) L ) - 01 - 0.40 0.25 08 .
30 minutes heat 10+ 10 . - o s
60 and 80 watts ~ - - - R 3 S . ST
Skin (60 >80) - : S - 08 0.37 216 005 -
Subcutaneous (60 >80) - 06 0.50 - .1.20 0.3-02 =~
‘Muscle (60 >80) L Sl 1.1 : 0.48.,_' 229: ©0.05-0. 02

TABLE 8 — Compamon of Eﬂ'ert of Exposure to Murowaw: at 60 aud at 80 Watrs on
Blood Flow.. - -. . . . . o

Difference Between Standard’ -

A - Means, Ce.  Error, Ce.” “rv 27 -
Data Compared B Observations  Per 100 Ce. Per'100 Ce. 7t P
15 minutes heat (60->80) . 9410 ° 0.8. : 0.70 1.14 0.3‘—0:2'
20 minutes heat (80 >60) 13420 . 1;8_ 0.73 : 246 0..02 -
30 minutes heat (80 >60) 10412 E 26 - 110 2.36 0.05-0.02
] L ) Y= s - ;
. . : 1+C€d ) . E _' -

\\here y is the dependent variable (mcrease of blood’ ﬂow), ;
tis the independent variable (duration of exposure),
K is the distance between the two asymptotic values of ¥

tote

ris a paremeter assocxated \nth the rate of the reactlon and

Cis a constant of mteoratron

If the lower asy mptote is at o =0, then K represents the \'alLC of the upper asvmp- A "

" The value of the parameters may be determmed oraphrcall\‘ bv plottmg ‘

‘K-
log s against the duration of e\posure \Y arrous values for K are chosen and

E:
a curve is plotted for each value of K. That value of K is chosen which glves
‘a linear relationship which fits the eXperimentally determined points most closely.
The line thus obtained can be used to obtain the parameters  and C. The lines

’.

fitting the data obtained-in this study most closely are shown in clnrts 6b and .

7b. ’lhe equations whrch result are the followmg U e v;_

(where 3 is the mcreqse of blood ﬁo“ m cuh:e centlmeters o

80 .
y=C " per mmute) o R N
1+ 1432 -0133t . o ST
80 - (where 3 is the mcrease of blood ﬂow in per cent) o
1+ 231e -0.158 el ma T

“The theoretical curves obtamed from these equatrons are compared with
determined points in charts 6a and 7a. It is to be noted that .

the experimentally
the greatest discrepancy occurs at time equal t
" this pomt there was one unusually hlgh value

o twenty-five minutes. At -
The point which would be
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ordinate indicates the increase.of
. percentage increase of flow.

“ value, ‘ :

- equal to plus infinity, the blood

flow in per cent
Blood flow: readings

o
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. :55 oCatcutated .' ST .-

4 R
. - doayo0 . c.
(Yeper cent inceease in Slod flow -

.

-

N s Ll Il 1
0. . s 10 Is. ‘20 25 30

Duration of heating ~ minutes

(80 watts) on, blood flow in the treated extremity. In g the

. This equation may be interpreted

, while in b the ordinate indicat'es.a function of the
were taken five minutes after the microwaves had been
i + * turned off. Each observed point in figure 7a is the average of 9 to 20 observations.

. “obtained with this value omitted ‘would b_‘? much closer to the theoretical

in the following manner. At time |

flow approaches an asymptote of 80 cc. per

'_TABLE 9. — Comparison of Eﬁ'eetx of Different Durations of Exposure to Microwaves -on
. ) " Blood Flow and on Tissue Temperature. .

. L "Obser- . Difference . ]
Data Compared . vations Between Means Standard Error. - t P
60 watts—15 & 20 ~10+13 .. - 099 cc. . . 080cc.: 1.24 0.3-0.2
*.. minutes heat’ . S "per 100 cc. . per 100 cc. ‘ P
. (15 >20) | -7 C e :
80 watts— 5 & 20 25426 - ) TR T, Ry S
- minutes heat T . | : T
<~ - Skin (20 > 5) L w2 C .0.39° C. 0.52 06
Subcutaneous N ST .
(20> 5 . - 06 045 1.35 0.2-0.1
i Muscle (20 > 5) 1.2 0.42 -286 .. 0.01-0.001
o o . 80 watts—20 & 25 25410 ) R e
2.7 - .minutes heat - S R I L o
R Skin (20 > 25) ' .04°C. . 041°C. ~.0098 - 0403 -
ubcutaneous o L el : ’
(20 >25) . ) . .08 042 “1.91 0.1-0.05
, Muscle (20 > 25) v 14 0.44 3.18 0.01-0.001
- . 80 watts—25 & 30 10 + 10 ST . e
- minutes heat . oo e o R oo
" Skin (25 > 30) i 14°C. 0.40° C. - 3.50 0.01-0.001
Subcutaneous’ . - S S < ,
{25 >30) | SE e 1,6 0.45 Y356 0.01-0.001
o Muscle (25 > 30) S . 1.0 0.49 . 2.04 0.1-0.05
T e 60 watts—15 & 20 10410 . e A e
L minutes heat T STl S
Skin (20 > 15) 090 035°C.. - 258 0.02
- - Subcutaneous | oE o s .-
o - (20 >15) 0.6 047 127 -0.3-0.2
LT Muscle (20> 15y . =+ 04, . 0.28 1.43 0.2-0.1
“a. 60 watts—20 & 30 10410 - o e e ¥ _ e -
S minutes heat P . R ' o
Y. .. -Skin (20> 30) - 1.3°C. 0.31° C. - -4.20 . <0.001
* - ..+ .z Subcutaneous e B D
(20 >30) . 1.4 0.44 . 3.18 0.01-0.001
Muscle (20 > 30) “12 0.33 - 3.64 0.01-0.001
u ! T " ',’{. ;\ ’ |- v
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minute increase of blood flow, or 80 per- cent incr'easé'df blood flow!
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MICROWAVE ~“GERSTEN, ET'4L."

An in- "
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flection point in the curve is present at K/2. At this point, which_occurs. a‘ftgf e LA

twenty minutes of heating, the increase in cubic centimeters per minute or .~
in percentage is 40. The slope of the curve is maximal at this point, which
is the point of symmetry. Before this point is reached the curve is concave
up, whereas beyond this point it is convex N T S N,

sy

ST .. . . General Observations - "« T e Ly
" No harmful effects were noted in any of the subjects. - Minimal cuta- .
neous erythema was present in some subjects who had fair skins. This
erythema disappeared in-all cases within one hour after the termination of .
the exposure to microwaves. The only sensations noted were those of local -.
and general warmth. W hile heating with an output of 80 watts, it was noted.
that the subjective feeling of warmth_ decreased at some time during the = “i
period of exposure to microwaves. In 6 "subjects who were exposed for' .-
{wenty minutes or longer this sensation of decrease of local temperature ap-:
peared between thirteen and twenty minutes after the beginning of exposure
to microwaves. . Of 18 subjects:who were exposed to‘microw'ave’s for fifteen
minutes, only 2 noted any subjective local cooling. This occurred at nine-
and ten minutes after exposure to microwaves -had been started. . oo

ST  Compent. . U T

The amount of energy absorbed by muscle aftér exposure to microwaves
is greater than that absorbed by subcutaneous tissue or skin, as indicated -
by the greater rises of temperature occurring in muscular tissue one minute .
after the microwaves. had been turned off. The rise of temperature alone":,_
does not indicate the disparity of energy absorption between muscle and sub-
cutaneous tissue.” If the specific heats of these two tissues are taken-into

consideration, the difference in the amount of energy absorbed becomes even - ..
greater. Muscle, with a higher specific heat (0.82) than subcutarieous tis- -
suel® (0.4-0.5) has a smaller rise of temperature than subcutaneous tissue for
equal amounts of energy absorbed.. This apparently greater effect of micro- -
waves on muscular tissue than on subcutaneous tissue may be due to the [~
fact that the conductivity of muscle is greater than that of fatty tissue - v
On comparing the findings at 60 and at 80 watts, certain observatons’, ‘. -
concerning the relation between ‘energy. output, peripheral blood flow and rise
of temperature may. be made.. After fifteen minutes of exposure, the in-
creases of blood flow are approximately the same for 60 and for 80 watts” ©.. °
The rise of temperature, however, is greater at the 80 watt output than at.the
.60 watt output, corresponding to the greater energy output of the former. .
After twenty minutes of exposure the tissue temperatures following 60 watts
were gréater than at fifteen minutes. With exposure at 80 watts, however, the .
temperatures of the tissues do not rise above the fifteen-minute level. Fur-- 7
ther increase of temperature has been prevented by the increase of blood. .
flow at this time. After thirty minutes of exposure the increase of circula-*' .~
'tion is sufficient to remove heat ironi the tissues faster than it is accumulat-, o7
ing, thus leading to a decline of tissue temperature from the twenty-minute” "~
Jevel.. The increase of blood flow was much greéater at 80 watts than at 60, -
watts, and the fall of the temperature of the exposed tissues was correspond- v
ingly greater at 80 watts than at 60 watts. . - L, e
‘TADuBois', E. F.: - Basal Metabolism ix"x Heait:ll ax;d Disedse, ed 3, Philadelphia.,. Lea & febiger, 1936,
pp. 69.70, Bdrker, K.: In Tigerstedt, Robert: Handbuch der physiologischen Methodik, Leipzig, S: Hirzel, -
1911, vol. 2, pt. 1, pp. 39-41. Rubnmer, Max: “ibid.r vol. 1,'pp. 168-172, i A S
11, Holmquest, H. J., and Marshall, J. G.: Brit. . Phys. Med. 11:70, 1936. Osborne, S- L., and -
Holmquest, H. J.: Technic of Electrotherapy and Its Physical and Physiological Basis, Springfield,; Il 7~
Charles 'C Thomas, Publisher, 1914, pp. 483-485, . .- - . "t . = 00w BT BRI
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=" .. The fall of temperature of subcutaneous tissues during the second min-
- ute-after the microwaves had been turied off is greater than that of muscle
. iee . -Orskin, - Subsequently, the decrease of temperature in the muscle js greater
© % than the subcutaneous tissue." The.low_specific heat of subcutaneous
: ©' - tissue may be a factor, for a relatively small amount of energy loss will re--
“Z. sult in a relatively great temperature decline. In addition,, some of the
-+ factors responsible for the cooling of muscle may not be operating maxi-
=. ~mally immediately after completion of the exposure. Leden and her co-
- workers® found, in the dog, that the_" blood flow in the femoral vein usually
oo .o.did not reach its peak until some time after the microwaves had been turned
e 4"bﬁ"..-‘_Finally,'continue_d production of heat within the muscle after exposure
~ may alter its cooling pattern. - e S
_ " In this study the logistic "curve was used to describe the increase of
. :--'. blood flow resulting . from 80 -watt exposure for. various durations. The
- logistic curve has been used to describe growth of population? and of or-
_.*7".- ganisms,®® data on bioassay!* and autocatalytic:reactions.’® Tn the autocataly-
<7t reaction. the a'ccel‘erationjduring the early phase is explained by the for-
" mation of a_SLl_bs_ﬁahce,wvhich_is either a product or a by-product of the main
-reaction and which atcelerates the reactron: The phase of retardation may
<%=} be’the result of éichaustim} of the substrates of the reaction and the accumuy-
- “lation"of ‘the ‘reaction products. with acceleration of the reaction in the re-
FY Cvefse. direction.” With . this in.mind, some suggestions ‘may be offered to
"= explain the ‘acceleration and. retardation :phases in the increase of circulation
_:résulting” from_exposure to microwaves.. Heat may cause vasodilation . by
“diréct action or by action on vessels through: the.axon reflex.®. The accelera-
_“tive” factor ‘may be found in the metabolites which ,are formed within the
tissues,” _A‘s_'t_.he_, temperatures. within the tissues increase, the metabolism
increases and the production of metabolites is enhanced. -These metabolites
~aid"in"the dilation of the vessels.- . Two. factors may be present which act
to” retard the circulatory, increase. One is'the -presence of a maximal vas-
cular bed. The other is the removal by: the circulation ‘of the factors which
“increase the blood fow — namely, heat and metabolites. Thus, as the cir-
‘Tculation increases, it exerts. 2 ‘damping effect on further increase. It is to
.. be noted that .the.retardation phase in. the increase of "blood flow and the
"2 “decrease. of tissue temperature occur at; the same ‘time, - S
OIf the “Aushing action” of an increase of blood 'ﬂow_iS‘deSi;ed- for thera-
peutic purposes,. exposure at 80 watts for thirty’ 'minutes may prove more
_desirable than exposure at 80 watts for twenty mirfutes’and is also preferable

et e T

e e

"o 60" watt. exposure. for, any of. the:durations used in ‘this study (this is
" true for the hemispherical director of 9 cm. diameter placed 5 cm. from the
= skin). Theadvantage of the 80 watt exposure for thirty minutes is indicated
by the decrease of tissue temperature from its peak value at.twenty minutes.

a . '

T L S c o Summary U 0 L

" Two hundred and fifty-four observations” were ‘made on-50' normal human
subjects concerning the effects of microwave radiations (2,450 megacycles

per second) on the periphéral %irculation and on the temperature of "skin,
- subcutaneous tissue and muscle: _The’ director used was hemispherical and
- ...about .9 cm.. in- diameter .and'was 5 ¢m! from the skin during the period of

-1 77 1207 (a) Pearl, Raymond: Introdiiction to Medical Biometry and Statistics,ged. 3, Plifadelphia, . B.
- Saunders Company,- 1940, pp. 459.470, - (b)" Thompson, D. W.» On Growth and Form, New York, The
- Macmillan Company; 1942, pp. 140-171, 255.261, L L C :
<.~ .13:-Robertson, T. B.> The Chernical Basis of Growth and Senescence. Philadelphia, J.. B. Lippincott
:* Company, 1923, pp. 1-16, §1-91, 138-150. ’ . : S . . .

R - 14, Berkson, Joseph: J. Am. Statist, A. 39:357, 1944, R L :
"T+. 15, Reed, L. 7., and Berkson, Joseph: J. Phys. Chem. 33:760, 1929. Thompson.12b. Robertson.13,
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exposure. The output used was 60 or 80 watts, and the duration of exposuré. .
varied from one to thirty minutes. The following observations could be made: - ‘
1.-. Significant increases of blood flow and of tissue temperature in the
exposed extremity resulted with both outputs and all durations used. There
~were minimal general effects and no ill effects.” FRE T T
2. The greatest amount of energy absorbed was, on the ‘average, in the
muscle, - -0 T T B R T R R ﬂ'” -
3. After absorption of energy reached a certain’ point, the increase of -
blood flow was sufficient to remove heat at a greater rate than it was ac-" .’
cumulating, resulting in a fall of tissue temperature from the peak reached . [
at twenty minutes of exposure. The greater the increase of circulation, the :
greater the decrease of the temperature of exposed tissues from the maximal ::
" values reached. After thirty minutes of exposure significantly greater in-~ :
creases of blood flow resulted  from 80 watt exposure than from 60 watt ¢%

“

exposure.” © . o RO e _ [P
4. The curve relating increase of blood flow to duration of exposure -

at 80 watts is S shaped and indicates an early phase of acceleration of t

increase of bloeod flow, followed by a phase of retardation.

-

S

-

We acknowledge with gratitude the helpful sﬁggestionsv and guidance given by Dr. Berkson and Mrl"]

Gage ir_xhthe statistical analysis of the data.
S

Dr. Stafford L. Osborne (Chicago): T
think all of us who have been here’ this
morning have really had an intellectual
treat, not the least of which is the paper
to which we have just listened. T shculd
like to congratulate Dr. Gersten on' his
able presentation. The only thing I re-
gret is that we have only a
teen minutes to present such valuable and
important data. Therefore, 1 am sure that

“some of the points which I shall” bring

up, when the work is in final published
form, will have been answered.

““The first question I should like to ask is
about the statistical method which was
used to determine the significance of -these
changes which occurred in-temperature
and blood flow.. . : )

© T T lDiseussion, Ut R T e BT

tor. Our own studies, which were pres e

meager fif--.

make the statements, or if it was not clear -« -

Second, the: essayi

st states that the av-

< - S . S ) - . v

cented this week, apparently do not show = )
a good correlation factor.: B T A

The material was presented rapidly, and * -
I had the good fortune to- go over Dr. .
Gersten’s paper, which he kindly -sent me-
well in advance, so it was easy for .me
10 sit down and listen. I am one of those.
individuals who have-to get things by the
eve; at least I get them much better by :
the eyve than I do by ear,’and so Dr. Ger- -
sten, 1 am sure, will be able to .put me- .- -
right if 1 misunderstood, or if he did not . ° -

v

.to me. - - T ] A
Dr. Gersten, 1 believe, stated that after- -
fifteen minutes’ exposure at 60 .or 80 watts '
the blood flow is approximately the same, . |
although there was a greater temperature: -

erage ‘temperature rise was greater n .

muscle than in the subcutaneous tissues
‘and the temperature rise was higher in the
‘subcutaneous tissues than the rise on the
curface of the skin. In otlier words, the
heating gradient was reversed. - T
1f this is actually true, then the micro-
wave diathermy might very well be a dan-
gerous method to use clinically, because
dangercusly high temperatures might be
secured in the deeper structures with a
tolerable surface temperature. Our own
tudies do not show this reversal of the

_heating gradient. T wonder (and it is pure

conjecture) if these differences are not
more apparent than real and due in large
measure.to differences in the technic used
by the laboratories in taking the temper-

ature readings. One certainly cannot ques-’

tion the results which are presented to us.

Third, 1 should like to know whether
‘vou found, Dr. Gersten, a good correla-
tion bhetween temperature rise and blood

flow, if you worked out a correlation fac-

[

increase at 80 watts.

Tt was stated that = "

with additional time exposure at 80 watts
there was no further increase in tempera- . .-
ture because of the increased blood flow.
Yet it is stated. that after twenty minutes’
exposure at 60 watts ‘there was an in- -’
‘crease in the temperature rise. ol

I just wonder whether this is an error,
or. whether T have not read correctly. If "~
I have read correctly, I am sure Dr. Ger- ..
sten can clear up thzt slight apparent dis- .
crepancy. s T T

Probably what I am going to say next. -~
_is a little trite, but there are many of us ~
who are using these things clinically; we*
are essentially a group. of clinicians, ‘and
some of us in the laboratories are so’
familiar with certain terms that familiar- ©
ity breeds contempt. - So if the laboratory -~
workers v-iil pardon my presumption -for ..
‘once, I should like to raise this point. -~ .

It would seem wise, I think, in most of . -~ &/
our papers, when we write them, to point -
‘out -that the increased temperature and ~
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backward from the bones,
heating of the muscles pro-
duced in this way? If this is true, you
.cannot be sure that the muscle tissue itself -
has a  higher absorption rate for micro-
waves than the.other tissues,

Dr, Ludwig W, Eichna (New York): I
am glad to see the tendency to talk about
the changes which one measures. Here
we have 3 demonstration of a difference
in the ‘changes’ of two associated meas-
urements, temperature and blood flow,
both , idered at times to measure the
- same’ function. - S )

The point ] raise i

s as follows: If T
. understand correctly, the microwaves were
directed toward the forearm, The tem-

perature measuremen ;
area to which the energy was directed,
the forearm. The blood flow, however, if
I understood again correctly, is'a summa-
i hich occurred within

ts were made in the

-was subjected to
the forearm, plus
subjected to the
and. :
“Therefore,

the microwave energy,
an area which was. not
‘microwave energy, the

one wonders whether the
measurements and the blood
flow measurements can really be com-
pared, because, after all, there are meas-
urements, in the one case, of the area
which received the energy — that is the
¢ changes — and, in the other
he area which
n area which
energy, the blood flow.

ed the energy and a
did not recejve the

Dr.

Louis B, Newman (Chicago): This
pPaper on the heating and circulatory ef-
fects of microwaves, was very interesting

Howey

er, there are sey.
eral questions that enter
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enhanced if the
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¥ the authors that the .
tissues dropped after
ty . minutes of treat.
the blood flow - increased,
ould the temperatare of the tissues con-
rther if the treatments
ger than twenty min-

It was observed b
emperature of the

given for lon
? . M :

Another question that I s

hould Tike to
ng the eff

ects of microwaves
the tissues, as well
arkedly traumatized

ation. when m




H A e -
. N e

tissues are exposed to these high fre-
quency waves: o -
Dr. Gersten (closjng):” I do not know

whether I can answer all the questions; I

will try: S : _ .
The statistical method which was used
was the accepted one of determining the
sandard deviation, standard error and f
value, and we accepted as significant any
change in which the p walue was 0.02 or
smaller; 005 was accepted as borderline,
and anything above that was insignificant.
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““this twenty-minute period we ¢
“the relationship betweenthe_increase in
‘blood flow and the temperature is no long-
‘er a direct one but that, as the blood flow ™"

L

s Y .
R k3 %N R

an say-that "

increases further, the temperature will de- -~

- cline more and more.” . . .. . e
Dr. Fischer mentioned the rate of en- .~

ergy absorption. We' did not want. to, -

mention the rate of absorption of energy; -~

the only thing we could say was that the

" quantity of energy absorbed was greater .-

in the muscle. The evidence for this lies

. We found t

hat
not

the normal preheating
changed by micro-

not only in the greater rise in temperature "
of the muscle but also in the difference in™" "

gradient was
waves. The preheating temperature was,
on thé average, greatest in the muscle and
least in the skin, and the final temperature
also was greatest in the muscle. . This
was true for all durations and both out-
puts. ’ S : . .

As ‘far as burning is concerned, we
found that the highest average tempera-
ture in the muscle was achieved after
twenty minutes of exposure at 80 watts
and that at this point it was 41.4 C. This
did not approach the temperature at which
normal tissues are burned. .

The question of the correlation between
increase in temperature and blood flow has
been answered to a great degree by Dr.
Bierman. 1 wish.I could diagram here
what we feel we have determined. . .

This sigmoid curve which was described
today, and which has been called a logistic
function, is typical of the autocatalytic re-
action.- If heat is one stimulus for an in-
crease in blood flow, the autocatalytic re-
action would require the presence of an-
other factor which would enhance the re-

action and, thus, cause an acceleration of’

the increase in -blood flow. We feel that
this catalyst is represented by metabolites
in the tissue. As the temperature rises,

the metabolism in the tissue increases, the -

production of metabolites increases, and
we have an added. factor which causes an
increase in blood flow. Therefore, we can
say that during this early period, the pe-
riod up to twenty. minutes, there is a di-

rect relation between the energy output,

the temperature rise and the increase in
blood flow. . . g

At this point, however, it seems that the
increase in circulation is so great that the
factors which are causing an increase in
the flow — namely, the metabolites and
the heat, are being removed at a greater
rate than they are accumulating. Thus, even
though the blood flow rises further, the
temperature declines as a result of this

specific’ heats between muscle and subcu-
taneéous tissue. With subcutaneous tissue
having a -much smaller specific heat than

‘muscle — for muscle it is 0.8 and for sub- 2
“cutaneous tissue abou: 0.5 — the amount .

of energy absorption by muscle is greater-
for an equivalent rise of temperature. For"

the explanation of' this we feel that the
conductivity of muscle is an important fac-’
tor, for tissues of greater conductivity
would absorb greater amounts of the elec-

.

Dr. Eichna is right in sayi

tromagnetic radiation.. .- . . [
ng that.we . -

liave taken the flow of two areas, the hand

L

.alone or the combined flow of forearm -

" an example of what would happen if we :

increase-in blood flow. Therefore, after.

and the forearm. We have tested the hy- = .-~
pothesis in other experiments, and we have - :
found . that the increase in flow in-cubicv - . *
centimeters is approximately the same -
when -we take thé fiow in the forearm .. ‘..

and hand. As far as the percenfages are’. . -
concerned, the percentage change would- -
be much greater if we took the flow in" K
the forearm alone, but the cubic centi- «
meter change would be approximately the _ .-
same: We have plotted the data from the - .-
standpoint of cubic centimeters per minute .” -
increase and per cent increase of flow and. 7
found that the curve shapes were approxis
mately the same. ~ . -
Dr. Newman questioned what might.oc-.
cur with an jncrease -in the distance of *~ ..
application. We are not quite certain. It -
is possible that the decrease in energy out- .~ .
put, as with the 60 .watt output, might be . .’

Bpemr

used 80 watts at an increased distance. Inl
other words, we got temperature rises
which were approximately the same as ...
with 80 watts but blood flow changes *: |-
which were not as great. That may or may, ~
not have been the case had we increased -
the distance rather than decreased the
output. A I AR,

The effect on the other extremities was
consistently insignificant. " There were no .
increases or decreases of blood flow great- .~
er than 14 per cent... ... 7 - BN
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