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l\Jicrowayes are electromagnetic radiations with wiHlengths betweer·! 
meter and 1 millimeter.1 This 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 radiation's 
co1wenient for therapeutic use, for they can be focused and directed. l\1icro
w,n-es could be used therapeutically to produce heat, when an oscillator with 
sufficient power output could be' rnanufactured. The magn·etron, an oscilla
tor which could geneiate ·micrmvave·s, was described by A. \V. Hull2 in 1921, 
hut its output ,,,as· too low. During _the two decades from 1921. to 1940, a 
iew types of magnetrons were developed, with progressive increases in the . 
power output and frequency. By 1940 the British had deYeloped the mag~ · 
netron to the point at which there was a high power otitput even at the 
highest frequencies of the micro"·a'-i:e range.3 This multicavity magnetron 
";as brought to the United States, and the first An1erican experiment was: 
perforrned on Oct. 6, 1940.4 Although the energy otitput was sufficiently 
high, the use of the magnetron for military purposes preyented investigation 
of its therapeutic potentialities at that time. 

The first reports concerning the biologic effects of microwaves appeared 
during, \Vorld·\Var II and were concerned with very shoi:t bursts of energy, 
such as ,\·ere used in connection with radar work. Follis5 showed that ra
diations of this type had no ill effects on guinea pigs. Leden and associates6

. 

studied the effects of microwaves on tr.ained and anesthetized dogs and foun(i- · 
·that there was an increase of cutaneous, subcutaneous and muscle tem
peratures in the exposed extremity, accompanied with an increase of blood 
flow. \Vorclen7 and his co-";orkers· .found increases in the temperature of 
normal and ischemic tissue in the dog after exposure to micrmvaves. Kemp __ · 
and his associates8 reported an. increase of blood flow in the anesthetized ' 
dog after microwa\:e diathermy. After ha,·ing obtained definite heating of 

• Abridgment of a thesis submitted by. Dr. Gersten to the Faculty of the Graduate _School, _Univers1_t}'. of . · 
Minnesota, in· partial fulfilment of the requirements for the degree of l\Iaster of Science m Physical l\1ed1cme. 

* Read at the Twenty-Sixth Annual Session of the American Congress of Physical· J11edicine, \Vasbing- . 
ton, D. C., Sept. 11, 1948. . · , . 
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tissues in animals in (1Ur laboratories Oil exposure of various regions' ~f the body to microwaves, we dec1decl to studv the effects of micro,vaves on normal· human beings. TJ:ie purpose of thi~ stt;<ly was to_ determine tlie effect of variot1s otttputs of microwaves and of different periods of exposure to niictowave diathermy. on the peripheral circulation and on the tissue tem-
''l,J, -. -perriture: in the exposed lin1b of n1an: Special attention vvas directed to,vard '· the determination of the optimal effects on tissue temperature and on th~ · _,peripheral. circulation. · 

;_· ,', 

J - , 

- Method ~ ,lfl - - · ... 
"'

1 ;-f) · ~ This study_ was made on SO normal human subjects, 37 men and 13 women. Tht 
M ·,. -

-· 1t1. ·- · . ~~t:~h:~;
1
~~~s~!t~is:;~:~opnesr;~~r~e s~:~ie~

5
!·n/;~:s:t~:;\t~;~~~ i;~~- t;~~d!T

1

p1s~ ~;~: · -t~ · · ;;· <, group in which attention was directed primarily toward tissue temperature, the tem-:J _ · _peratures were recorded by means .of· copper-c"onstantan _thermocouples. The -muscle l. · thermocouple· was inserted to a depth of 1.5 cm. The subcutaneous thermocouple , ;~ . was 1.9 cm. long and was insert~d so that the entire shaft was underneath. the skin, N•1 .. -.- with tht! recording _tip near the shaft of the muscle thermocouple. The cutaneous : t!J,[.·: :._, · thermocouple was placed on the skin _close to the other t\vo but not in contact with • either. It was ,veighted so that it would exert identical pressure on the skin in al, : ')i -• -~·\•. observations. The three thermocouples were placed in. the zone of maximal energy · d. ._;,, according to antenna ·pattern, which in this. case is 3 mm. outside the outer margin l ,\l! of the director of the microwave generator, in an area where there were no visible 1: blood· vessels. The galvanometer deflection which resulted from the difference oi · lH ·' :~: , ,._. - ··temperature between the reference and the recordinQ" thermocouples was recorded vis-
· -11 

~ il! -- ually. The studies on blood flow were done on the exposed and on the contralateral 1; .. · ··, : extremity with the venous occlusion plethysmograph and the ·compensating spirometer :r, • ·. • · recorder.9• In the group in which observations· on blood flow· were made, the cu tan e-l ~- ous temperature was taken both on the exposed and on the unexposed extremity by 
1 
';1; _ means of a thermistor. . - -' •}f; The source of the microwaves to which th~, forearm was exposed was the a1r-

, -::i1 
, i'•I cooled_ multicavity magnetron. The frequency of these electromagnetic radiations -'11 · was 2,450 megacycles per· ·second ( corresponding to a wavelength of approximately 'h'.J · 12 cm.). The energy was transp·Jrted from the oscillator :to the director by means ~t_:j_·1•-·_:>,_·-> of a coaxial cable.· The hemispherical director, with a diameter of. approximately 9 ·- ·· -- -J~,. ·- _ cm., was used in this study.· The distance from director to s_kin was 5 cm. in all the ',,, : . -observations. -?i: ·; .. _ Cont~ol readings of peripheral blocd flow or temperature of the tissues or both ; ,.- . , ,. . , ' ·we,re 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 obser"\"ations. Exposure ~ ;,; · to the microwaves was not begun until the blood flow and the temperature ,vere- fairly •'U · constant. The microwaves were applied to the volar surface of the forearm, with the /l;" · nrpximal margin of the director approximately 8 cm. from the elbow. In all but 26 :._ 

11

'_;_-~,•.: •. ;,._r.:;:,· ·' ·observations_ blood 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 reaq.ings were taken on an average of 6.8 minutes after the .-l} · microwaves had been turned off. In some experiments additional blood flow cleter-;lit .,·,. minations were made ten minutes after exposure to microwaves. I-n those subjects ,•~i .. • ·-, '' · ~: ~: on whom "blood flow studies were· made, the· cutaneous ,temperature was taken ·on the '·_1\_ .. _' - ·• • ·• exposed extremity immediately after· exposure to microwaves and again one minute r;/. : after. The temperature of the unexposed extr{'..mity was taken one minute after ex0 ,, ,,::/ •, posure to microwaves. In those subjects whose temperatures were taken . l:iy ni"eans . _.'-jl of therJTioco(1ples the first readings wrre tak~n one minute after the end of heating. I' ..... ,,. ,. Since the thermocouples could not be~ left in place during the period of exposure be-·s ; . ·_. ;·.~ cause of the heating which occurs in metals in the radiation field, marks were mack .-- . •· on the skin so that they would be inserted at the same place. Additional readings were . often taken every minute for five minutes, while in a few subjects the temperature study _ was continued for forty minutes, with readings taken _at five-minutQi intervals. . . In 133 observations the oral te.mperat~tre was · taken, and in 73 observations th~ · pulse rate als·o was taken before and after exposure to microwaves. ----
.. 9. Berry, 11-I. R.; Bal1es, E. J.; Essex, H. E., and Wakim, K G.: J. Lab:&_ Clin. Med. 3:l:101, 1918. t \l .. ' ,, ,,._ I I •, ' ,..._ 

-: • '.' < .. ~ ' i ~lr ·. ~ -
. ; .rn _._. .. ;i : - : ; . . . . 

"'-"'1 l1:· . . . -•~'\.,'l . 
... ~~.~'?-~~~~~~!!" { ·'· ~ .... i/r,!<.1'~""'9':"-~""-'+'"1>"1""~ 
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Temperature Studies (Table 1; Charts 1, 2, and 3). - One Min.ute of:' · · 
txposure at 80• \i\T atts ( 10 Obse.rvations): The average rise of cutaneous :; _:.: ·.~ •,.;._ · ;\ 1 

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 ,vas 1.4 de:. ··:: · .. · .. , ' . . 
grees, with a range from 1.0 to_ 1.7 degrees.. The maximal temperatur~ _: •·. ·· ·i,::,-.> .· 
reached in the skin was 35.8 C.; in the subcutan¢ous tissue and in the muscle ' _- :/• ·1 >:.-,~ 
the. maximal ternperature was 36.7. C. . In 3 observations the greatest rise of" · . ·: · · .. ·: · _. · 
temperature took place in the skin; in -4 the greatest rise occurred in the · • •· ; · 
subcutaneous 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 ,·· -:-. · · 

.; \ .~(~ "':: 
TABLE L- Effect of Microwaves on Temperature of Sllin; Subcutaneous Tissi{e and .Muscle. 

!l . - = 0) 

-~'o~ -~ . \' 

.. , 

.. C ti ~ . 
~ .2 ::: > Cutaneous Temperature, ° C. 
: ~-~ & Before After . 

Subcutaneous Temperature, °C. Muscle Temperature, °C. , · · ;·. : :~.(· 

i~~R~~i~ii'. ~~ft;i~i. ~i~a~i~b: ~t!~~~J.i>. ·frif~~;. J~f;~~- ; . ,: F :: )({). ' '3 :: " -"' Exposure Exposure Increase 
pµ;: 0 )!can S.D. )f,,an S.D: M•a~ ~.D. 

so 1 10 33.8 o.30 35.4 0.26 1.6 o.47 34.3 0.28 36.I o.31 1.s 0.45 34:s 0.20· 36.2 0.20 t.4 0.23 ·_ .. , . -.•. 
80 .5 26 32.8 0.96 37.3 1.14 4.5 1.02 33.6 1.07 38.8 1.25 5.2 1.31 34.0 1.28 39.5 1.34· 5.5 1.19 -. ;- ~-- ~~· i:-. ~'. 
80 10 25 33.5 0.97 38.3 1.07 4.8 L38 33.9 1.20 39.6 1.42 5.7 1.86 34.7 uo 40.8 1.93 6.1 1.43 
80 15 10 32.7 1.47 37.5 0.61 4.8 l.72 33.8 1.84 39.3 0.64 5.5 2.38 34.4 1.66 41.l 0.56 6.71.32 
80 20 25 33.5 0.97 38.2 1.43 4.7 L64. 33.9 1.20 39.7 l.51 5.8 1.81 34.7 1.10 41.4 1.40 6.71.74 
80 25 JO 33.7 0.46 38.0 0.46 4.3 0.77 34.0 0.42 39.0 0.53 5.0 0.65 34.7 0.24 40.0 0.82 5,.3 0.84 
80 30 10 33.0 0.45 35.9 0.57 2.9 1.01 34.2 0.64 37.6 0.78 3.4 1.28 34.7 0.46 39.0 1.02 4.31.29 
60 l 5 JO ,33.5 0.74 37.6 0.49 4.1 0.80 34.S 0.63 39.3 0.63 4.8 1.00 34.7 0.60 40.9 0.28 6.2 0.62 · •.. ·-
60 20 10 32.4 0.75 37.4 0.85 5.0· 0.75 33.4 0.70 38.8 1.05 5.4 1.1 I 34.3 0.64 40.9 0.72 6.6 0.63 · ' 
60 30 10 33.0 0.31 36.7 0.56 3.7 0.60 34.2 0.40 38.2 0.79 4.0 0.84 34.8 0.32 40.2 0.84 5.4 0.83 ·" .. 
----------------------------------- : ... 
and muscle was the same. The preheating temperature was highest in th~ •. ·., . ' ·:~ ,. 
muscle in all 10 observations. After the completion of the exposure to micro
waves, the temperature WllS highest in the muscle in 8 observations and 
highest in the subcutaneous tissue in 2. 

Five Minutes of Exposure at 80 V\Tatts (26 ·observations): The average 
rise of cutaneous temperature was 4.5 degrees C., with a range from 3.0. 
to 7:3 degrees; the ayerage rise of subcutaneous temperature was 5.2 degrees,-.·. 
with a range from 2.3 to 7.5 degrees; the ayerage rise of muscle temperature 
was 5.5 degrees, ,\·ith a range from .3_9· to 8.6 degrees. The maximal tem
perature reached was 39.4 C. in the skin, :f1.2 C. in the subcutaneous tissue 
and 41.7 C. in the muscle. In 10 ·obser,,ations the greatest rise of tempera-
ture took p'lace in the subcutaneous tissue; in 14 th·e greatest increase oc
curred in the muscle; in i observation the rise of cutaneous and subcutane-
ous temperature was the same, while in 1 instance the rise of subcutaneous 
and muscle temperature was iden.tical. 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 observations. \ . • , , ;·<: '· 

Ten ?vlinutes of Exposure at- 80 \Vatts (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 w_as 5.7 degrees;. _ .. _ ., _. · .. , , 
with a· range from 2.7 to 10.6 degrees; the a\'erage rise of muscle tempera-
ture was 6.1 degrees, with a range from 2.8 to ·9.1 · degrees. The maximal 
temperature reached v<1as 40.9 C. in the skin, 43.0 C. in the _subcutaneous 
tissue and 44.2 C. in the muscle. The greatest rise of temperature occurre4 ·' '· 
111 the mu.scle 111 13 observati_ons, in the ·subcutaneous tissue in 10 observa- •·· ·~ 
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tions and m the ·skin in only 2 observations. The preheating temperature 
\Vas highest in the subcuta~eous tissues in 3 observations, highest in the 
mt1scle in 21. anci identical in subcutaneous tissue and muscle in 1. . The · 
temperature after heating was' highest in the skin in 1 instance, highest in 

'the sub<;utaneous tissue in 4 and highest in the muscle in 20. 
. · :fifteen Minutes of Exposure at 80 ·watts (10 Observations): The 
average rise of cutaneous temperature was 4.8 degrees C., with a range from 
2.6. to 7.8 degrees; the av_erage rise of subcutaneous temperature was 5. S 
degrees, with a range from 1.8 to 8.9 degrees; the average rise of musc\t:: 
temperature was 6.7 degrees, ·with a range from 5.2 to 9.3 degrees. The 
maximal temperature reached was 38.6 C. in the skin, 40.2 C. in the sub
cutaneous tissne and 42.0 C. in the n1uscle. The greatest rise of _temperature 
took place in the subcutaneous tissue in 2 observations an_d in the muscle 
in. 8. The preheating temperature ·was highest in the ·subcutaneous tissue· 

.in 1 observation, highest in the muscle in 7 and identical in subct1taneous 
- tisst;e and muscle in 2. The temperature after exposure to· microwaves was 

hi~hest m the muscle in all 10 observations. 

70 

7 

. , ~ b 

'' 

--· 60 watts 

E,O watts 
x· Skin 

• Muscle 
o · Subcuton-,ous . tissue 

a------------'-----'-----'---~--' 0 .," 5 10, 

Duration 

15 .. ,o Z.5 --30 

of. heotinS? ~ minut-,s 

Chart 1. - Effects ·or exposure to microwaves (60 and. so watts) on blood 
flow and on tissue temperature in the treated extremity. Blood flo\v read

_ings were taken five minutes after m:crowaves had been turnecb off. Tem
perature readings were takc"n onet minute after microwaves had been turned 
off. Each p">int is the:: a\·era:;e of ·9 to 2fi ohservations, as indicated in tables 
· - · 1 and .3. · 

T,venty Mi~utes of Exposure· at 80 \Vatts, (25 Observations): The 
~ average rise_ of. cutaneous tempet:1.ture was 4.7 degrees C., with a range 

from 1.1 _to 9.3 degrees; the average rise of subcutaneotis temperature wa_s 
5.8 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. Th~ 

;:__; maximal temperatme reached was 42.8 C. in the skin, 44-~ C. in the sub
cutanecitis· tisst:1e and 45.0 C. in th.~ muscle. The greatest rise of temperature 
occurred in the skin in 1 observation, in the subcutaneous tissue in S. and 
m th<;! musde in 18, while'. in 1 observation the rise of temperature of sub-

.. r 
'' , 
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cutaneous tissue and' musc]e W<lS the same. The te1~~perature before ex
posure" to microwaves wa~. !]ighest _in the. subcutaneous· tissue ,in 3 ·observa
tions and highe§t' in·· the muscle in 21, while in l these two tissues ·were_ at 
the same temperatiire. After heating, the temperature_ was: highest i11 ,the 

--~· 
7· 

I 6 
<l, 

-~ 
5 i; -.-7..--x-:-. --: 

.Skin 

· I 

/o~----s~----10~----'1s ____ _.,o __ -_ ----'zs-.~. ---_-3 ... 0 . 

Dura.tion of hea.Hng - minutes · 

Chart 2. - Effects of expos.ure to microwaves ·(80 watts) on tissue tern-· 
perature in the treated extremity. Temperature readings w,ere taken one 
minute after microwaves had been turned off. Each. point is the anrage of . • 

~ .10 to 26 _observations, as indicated in table ,L- ~ ._ : ·. ,. .. _ 

skin in 1 observation, highest iri the subcutaneous tissue in 2, highe~t in the:. 
muscle 111 21 and the same in' subcutaneous tissue and muscle in 1. _ · R 

Twenty-Five Minutes of Exposure at 80 \,Vatts (10 Observations): The:·.· 
average rise of cutaneous temperature \vas 4.3 degrees c:, _with a range from· 
3.5 to 5.8 degrees; the average rise of sub'cutaneous temperature ~as 5.0 ,• 
degrees, with a· range from 4.3 to 6~6 degrees; the aYerage rise of muscle "'' 
temperature was· 5.3 degrees, with a range from 4.1 to 6.5 degrees. The<:.-::<'. 

. I ' ....... 

. __ ·,." .... _ 

70 

•0 

m Skin. 

D Su.bcut~~eo~~
1 

t1.5.sue 

[ID Muscle - ~--·:..:,. 

I. B!o~~ ' flow 

I 0 
minutes 

15 -
rr .. inutes 

zo 
rninute.::i 

. .. . -. 

Du~o.:ion . of ~eating._ 
. . .. 

Cha;t 3, - Effects ~f exp~s~re to ·microwa\'es (80 watts) on blood flow 
and on tissue temperature in the treated extremity. Blood flow readings 
were taken five mmutes after the microwayes had been turned off. Tem
perature readings were taken one minute after the microwaves had been 
turned off. The height of each bar represents the average of 9 to 26 ob• . 

. servations, as indicated in tables 1 and 3. · · 

, . 

;,,- -... 

't, 

maximal te1~1perature. ·reached was 38.9 C. in the skin, i>:7 C. i\1 tl_le ,:sub.: ,. , 
cutaneous.tissue and 4LO C. in the muscle. The greatest rise of temperature.'> 
took place in the subcutaneous tissue in 4 obiservations and in ·the muscle in 6; . 
The temperature \vas highest in the muscle before and after exposur_e to 
microwaves in: all 10 observatiQnS. . . .. 

Thirty Minutes of Exposure at 80 ·watts (10 Observations): The av~r~ 
age rise of cutaneous temperature was 2:9 deg1:ees C., ,vith a range from )'.O ·. 
to 4.3 degrees; the average rise of subcutaneous temperature was 3.4 degrees;· - .. • 
with a range from 0.8 to 4.9 degrees; the average rise of muscle tcmperatur<\' 

. '.,. 1 ·\ 
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· .. :..~l l\ , .. _'I· I._:.·~ . ~ ....... ~ ·.;. ..... .... )\ ; f• I~~•••~ ~·, .• ·•., .: ~ _. ~ .' .,_- :.,.;;••· \ ••• ;~,~-~•-•-~ ~ .•• _1.• . ;;ti, iii··-.,· .. ,··•·--' . 12 ... ·.·,·'. ·.•:ARCHIVES OF PHYSICAL MEDICINE.· .'JAN'.,tnrn 'h~il .• ~ \i11-r--r, :>:<~-·,:: .:-.\vaif 4.3 _de;;~c~,· ,vith ~ ra~~e -fr~~l~ .L3 to 6.0 d~grees. The maximal tcm-: :~;! ·. • tl!l. -~ ·.: · ... · · -..,., . · perature reached was 36.7 C: · in the skin, 38.7 C. iri the subcutaneous tissue ~ iJ tJ ~'.- · ·\' ·• :, and 40.3 C. .. in the muscle. _In 1 ·observation the greatest temperature rise ':.:._:,i .. ~.·.~_:. •"1 " . : •· . .- . occurred in the subcutaneous tis~ue, while in the otlier -'9 the_ greatest ·· P: ·. , · ., · i~crease took place in the muscle .. · rn· all 10 observations the highest tern-

~. t' . ' -!1 . : ... · ... _' . -~, • ,,. , . ·perature was in the muscle both before and after exposure to mi:trowaves . 

-:';-,,, .. · 

. ~/}~; ·fi\/ · (_ -·.·:_ · Fifteen Minutes of Exposure at 60 ·watts (10 Observations).: The aver~ 
, . • :. • w .. ~'.'i:fi: · :, . .• .. , ... age rise of cutaneous temperature was 4.1 degrees C., . with a range from_ • , .. :~ , , .. · 3.2 to 5.4 degrees; the average rise of subcutaneous temperature was 4.8 · 
,~--(, .. ;.. ......... 

, ~\l .f · \',- ... ,_ I'- . degrees; with a range from 3.2 to 6.0 degrees; the average rise of muscle. '• ,.~ i'l temperature ,vas 6.2 degrees, with a range from 5.1 to .6.9 degrees. The ·..,;1i1 . li; · · .. · maximal temperature reached was ,38.3 C. in .the ·skin, 40.2 C. in the :suh-. ·~~ ; !\i .. 1 cutaneous tissue and 41.3 C. in the muscle. In all 10 observations the great-.• :, .. :~: : ',f~ ;· .· "· • ; • . est temperature rise occurred in the muscle. Before exposure to microwaves . , :, ,,i i'fo . · · . the temperature was highest in the subcutaneous tissue in 1 observation, •··\ .. ·._::).·_. ,,.,_.\_z_._~,·=.~;-_,~l .. :. . · 
1!f:·~ '., _·.•_:·~-•~- .. · hi&'hest in the muscle in 7 observations and identical in the two tissues in 2 .;! •\¼ > :·/. · · · ·: observations .. After exposure to mici:owaves the temperature was highest •, ' '" •· , "'1 hf~;:: -i· ·.-~ i. ·:_ .. ·in the muscle in all 10 observations. : ·," <,< ... /:~; : It~;//.\~--:··. · Twenty Minutes of Exposure at 60 ·watts (10 ()bsen·ations): The aver-... ·\·:,/::. '·'.._;,s~l '.hr~-':-:.· ·. _- ·. age rise of cutaneous temperatur~ was_ 5.0 degrees c_., with a range from . ..... :_;Ji ~~~i',i::· _ ;; . · 3d.8 to 5.$ _dehgrees; thefavera

3
g
7
e ns

7
e

0
otdsubcutanheous t~mper~turefwa;;_ S

1
.4 

. • , '"" · l~l ., ·· ·. ,. · . egrees, wit. a range rom . to . egrees; t e average nse o muse e · : : ~-; <· ' ~:~ ' .11 ·. ;, '. temperature was 6.6 degrees, ,vith a range from 5.5 to 7.8 degrees. The 
.
. _::_ -: · :·: ·-:.·· ... :~•.~;f_-,:;··· : ~!i ', \ ·;. · maximal -~'emperature reached was 38.5 C. in the skin, 40.1 C. in the sub-, - .• ~,. , ;! .•:·:, :. cutaneous tissue and 42.1 C. in the muscle. The greatest rise of temperaturf' -~:•:>,<·,~S-~· ·-·~ . .-· 1• ·:-- took place in the subcutaneous tissue in 1 observat_ion and.in the muscle .• - ; .... 

1 ,ti>:-tcy;. : ~Ii·.,'_,. ; . i~ 9 obs_e.~vations. Th~ preheating and _the postheating·temr:;ratures .. ,.~~-dc . :;~~_;··.·')_;,'?f., , .. ii . ._ -~-- ;-_. highest m the muscle m a!I 10 observat10ns. . .. , . , . ; , J ·· .:_ '· :·.: ~.- . .-, , , : Thirty Minutes of Exposure at 60 Watts ( 10 Obs~rvations): The aver--~~~~~:· _/~~- : -~ ~--,'f_'.· · ·; _age rise of cutaneous temperatur: was_ ·3.7 degrees C:, with a range from . , • - • ·• .1:<it •I'.!:: . _. . · 2.3 to 4.2 degrees; the a:verage nse ot subcutaneous temperature was 4.0 . 
~ ·i · ·. ,, ;}1f; ·, L -~:;· ·- · · · degrees, with· a range from 2.2 to 5.2 degrees; the average rise of muscle t 111 · ~'-_:: . .'· ( .. :: · .. ~ temperature was 5.4 degrees, with a ra. nge from 4.0 to 6.4 degrees .. Th?. i r : . :· ·· ·1. ·:-· ,· maximal temperature reached was 37.4 C. in the skin, 39.6 C. in the suh-: :·: ,: , _ :,_>: cutaneous tissue and 41.3 C. in the muscle. The greatest rise of tempera-· '·( ':-::• ·:. · :·, . ture occurred in the muscle in all 10 observations. Both the preheating and 

, ; J f, .. I \, ~" ~ • 
• ; 

• • ' , • '. ;tf.<:/:·.:':··':~·, t?e postheating t~mpera!ures ,vere highest in the mu~cle in a·11 10 observa~ , ,., , .. . , ... ·_. .t10ns. I,] . - · I 
_ . • ;n:C 7 -~. :_ .. :_''.<:, Rate of Cooling: In 51 observations the tempera_tures of the skin: sub-; 111,'I ., .. ..·' · • • cutaneous tissue and muscle were recorded everv mmute for five mmutes •:~ :' : .. : . :. · __ - ,- . . . after the microwaves had been turned off. For ;u three tissues the rate of 1 fi. : . · · ,·. reduction of temperature decreased with the passage of time. During the .1:J .' . '.'. .. ·: / , second minute after the microwaves had been turned off, the greatest re-. , . ___ .

1;,:~ ( ~;q-. .::. ·: -~.:- ._· ... _duc!ion of temperature occurred i~-the subcutaneous tissue. After that the 
·_.--.. ·,,.·-.·,-~~:•_··,· ... :<:.f_·.',•.: .. ~.:.:tf:,t_,.:_~. , · h-,<;:_ · ·, - :. ~~!e~\!fC:~-e~~~u::~;:~af~;:t~!e~: ~~;o~~~clf:}~f~~:;;m~~~~~/~~ l~~g~~ . ,· .. -;:· ~,: 1fj ·_:/:_ ·::·: · : .. : after the termination of exposure t9 microwaves. In 9 of these observatio11s · , ·:·,: : t•;i; ti -!.- '.i• : exposure was for five min~1tes at 80 ,ntts, and in 2 it was for twenty min-t · ·. ~~- ·• J- ·::,: ., ·· :, utes at 60 watts. In 1 of these 11 observations the subcutan·eous tempera-. ·, · i,:\: 'i·~ ~- {<:··;• · ·': ture returned to the control level forty-five minutes a:fter the microwaves . ;:·}( ·; ( :"-:· :··: : ,. - . had been turned off. In no other instance _did the tempetature return to .:·,_~ :·<. ,:--;.j. ''\ : . , the control value during the period of observation. •.: < ·· ',:•.> · /~ .· '.jJ \ '< :., >. ·. · sll~ br Hi;ihest Tempecatu,., Temp'.iatuce studies of th~ '.issues wm . ...... ·<(c} ~-J; , ... . :· ·;" ,f:· ' .. ,. :~• tj 

r . 
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done 111 146 observations:. The control tc;~1perature was l~ighest in the s~b- ''. 

cutaneous tissue in 12, was highest in the n1uscle in 128 and was 'tpe same · · - .~ 

in subcuta11e~us ·tissue and muscle in 6. After exposure to microwaves the·.· .::: -

ten1perature ,vas highest in the skin i~ 2, in the subcutaneous tiss~e •in 10. -·.:/,~.:. .. , .."-:-~~-.:~ 

and in the muscle in. 133 and was the same in subcutaneous tissue and mus- f ~·t;·,:\::· ~ 
. . r,::t·~/ -~~-

• T~BL~ 2."-. Cha11ge of Tissue Temperatz_ire Afte,· Cessation of Heating.'.; ·_ ; . C .. .:\ . .. ·, ',r.., •'IT".,. 

: ::·/~-}/t 

-~· 

Time After Cessatioil of 
Heating, l\Iinutes 

1 to 2 
2 to 3 · 
3 to 4 
4 to 5 · 

.:..-,, ;~ ... ,; . 

. '~ .. 

~ 
I 

-• ~ • • b 
~ 

t 
-~ 

e -• 

0.6 

o.' 

o .• 

0.5 

o., 

0.3 

Skin 

0.46 
0.36 · 
0.23 
0.1~ 

Tcmi,erature Decrease, Degrees Centigrade 
Subcutaneous Tissue 

... _ 

0.72. 
'0.44 

0.30 
0.20. 

· _Subcuton~ou.1 _ ti~s"'e· 

~-. 

' . 
✓-

...... ·-· •.· ,, 

Muscle · ·· · 

0.64 
0.53 
0.41 
0.33 

;,_ . i· 
•:- ·•, t. 

'··. 

\.'. 

~ O,l ~l > • 

: :~ 7·.J:•-:\:;·'1-. . ~ 
.-

~ 
0.1' 

:· ,:. ·· ... : , 
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..; -~ . ,,-.:,;~-~--"'~ ........ : 

Durin~ •;:.nutos. :!:or. ~oQ\i:;h .St~ L~:.=: ·-.-::_-: "~<~~-\_- :-::.' ~ _>. -•;f }fr•.:•:. 
Chait 4. - Decrease of temperature of skin,· subcu-· :- · · ·, 
tancous tissue ar;d muscle after .micro,vaves had been · , .... · ·-.. · 
turned off (for example, the temperature decrease dur- 1 :-"· c 

ing the second minute after the microwaves had been 
turned off is equal to the temperature at one minu~-• · 
minus that ·at two minutes). Each point is the aver-

.~~~- of 51 obser~•a_ti9ps. . ... 

cle in 1. In these 146 obs~rvations the preheating temper~tu~~ gradi~nt was. -

. changed in only 8 obs_ervations as a result of exposure to· micrciw·aves. In ; __ :' :· ,· ·:\:~~:.:: -

these· 8. observations the changes of temperature gradient' were as follows: .. ., ,. · c 

In 5 the preheating temperature was the sap,e in subcutaneous tissue and·-.. -::·.-., ·.>: 
·· rriuscle, while, after heating, the temperature was hi.ghest in the muscle; · ·; >:· ,: : · 

·, 

in 1 the highest control temperature· was in the s_ubcutaneous tissue, and, 

after he<1t.ing, it was in the skin; in 1 _ the highest control temperature was 

in the subcutaneous tissue, and, after heating, it was in the muscle; in the 

remainii1g · 1 the highest preheati11g temperature was in the muscle, while 

the highest temperature after heating was in .the skin. · 
. ~ . 

Blood Flow_ Studies (Tables 3 and 4 j Ch~rts 1 and 3). - Five Minutes·' 

of Exposure at 80 \Vatts (20 Observatio1is): There was an average .increase · 

of 8 per, cerit in. the b~ood flow in the exposed extremity, with· a range from~·• 

-25 per, cent to +44 per cent. In th!! unexposed extremity there was_ an· 

average decrease of blood flo,v 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 m~crowaves had been 

turned off., The average rise of cutaneous temperature in the unex;posed .. · 

extremity was 0.2 degree C._ In 6 observations in which oral'temperature was,:_'

taken before and after exposure to microwaves, it averaged 98.5 F. both before ' / · 

and after exposure. 
Ten Minutes of Expos_ure at 80 Watts (20 Obse~vations):. T~ere· ~V<\!i 
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' 

-,. 

,;· 

{ 
"i\. -~- _ ..... 

,/")~~·/,.'": ~·-~ . , 
('t!:.,··i\<" 

1.r.:r;J;r. _~(; 

~c\•· 
:~. •. : 

•it\•;J ,.•..;. . "f ,~~ 

1!;:;~,/_,:-
. Ji; :;-:·\. -~:,,::1 

.4! \. . ~ 

f~· ..... ;~>-t~ ~'•? ' 
t,,y,,), .. ,, 

it~f; 
~..;;..' 

liF 
.. ,ft::~ :~;/:: ,;_._ \:. 
-~f~t·--- ·,}:-·. 1t:r-~· ., ~:, 
·''tl''-\1,, t;r:'. _, 
-i~r·.,, ',.. tf~:·· -- .. ,; 
.}JV;. 
-~~ .. ~'j~~! t 
. :\-<' ~ ~ • 

.:~ ~~ ..... '· 

!t.\--~-:,. 

r._,. 



· · ~ · · · · .· .. · i-~. ~,~i··~·.,<•; ,:1~~:a~-:~~~~.·,~_•;:i;:~~:.r.::,:~"r ti;'~~:,~d·.'_'~ •· '";~-~~ :..:_:;:;:, ;:~:~:.;,...;;~: . .,.~----. r:·~£':W-' .,(':1-,,::.· - -• -- ... - - ----
,. l w - -

,,> - . J ,. ) - - ,. -~ ' - ., . .. - ... ,1~;,:-..·~ .\, t·~ "':- .. :;<· 
.. ... , .. --~ .. A ' i~l

1
ill' ~--~-'. ;. ')'· ,· • :_: :.~v·e.~m i~;,,.:::~:IYP:.: c::, ::~::~:::,:::CinN~h: :,posed e:tN;~:

1

~~ 
~- :.~~~ . 

'-' · ;j,~ / ·-. , 1ty, Wfth a range from -5 :per cent to +40 per cent. In
5 

the _ ttnexposec :;,l t;.i: • ·· -extremity_ there was an average decrease_ of blood flow, of. per_ cent: The ·· •·\'ti,· t!.f · , - average nse of cutaneous temperature in the exposed extremity was 5.2. 
!ti' . - . ''.l •,j 'lf TABLE 3.-Effects of Microwa1.1es on tlze Blood Flow in the Treated Extremity .)b£ 1tJ: -: :~- · ~ .. ! ~j ~ 

· •, :.;/; '._:J.~

1
..::: £~_·' · · · ~ g~ ·! 

Increas:~';e'T;1~--
.. ,:,'.lt"'· · ' ~ •- c > Flow Before Flow After · Incre~se Percentage• Flow Before Flow After of Flow crease 

, ; ·: •. -.. -~;., .t 6. 1.,::: t Heating, Cc. Heatin~. Cc. ot Flaw, Cc. Increase Heating, Cc. Heating, Cc. Cc. Pe; of •· 
, ·.~lj;.· ',.l · •:. · 

0
~ t~ 

0
.o Per ;\!in. Per Min. Per Min. of Flow Per 100 Cc. Per 100 Cc. 100 Cc. Flow, 

. ",;JJ; ;t ~ '"'"" l\Iean S.D. l\Iean S.D. l\Iea.n S.D. l\Iean S.tl. · Mean S.D. ~Cean S.D. Mean S.D. Meato .. /);.: ·,i,:i _· .. , ·:~. ·_ 80 5 20 161 59.4 '176 75.9 15 31.0 8 17.5 9.16 3.14 9.94 4:04 0.8 1.9 8 ·. 
·• ; • 80 10 20 162 57.3 179 75.2 17 21.9 12 13.3 9.10 3.58 10.30 3.82 1.2 1.3 13 · · : .• \:·-· .. :\j ·-rr;;_:.> ... '.' . :g g lg 1ii l~:J g~ ~K? ~t ft~ i~ ~i:t ~--~~ ttf ~:1~ t~~ t~ u n. ' . •i;!· "1{/ . 80 20 20 104 50.2 151 61.8 48 26.1 55 37.0 6.90 2.50 10.20 2.62 3.3 1.7 48° . . ;.ft~ J(,. .· .,.. :g ~~ rn ~r g~ ~~i :u ~g iJ:g ~~ jti ~:~i 1-.!~ 1i:it tb! t~ 1:~ ~t • !~;t: :t, .: .:. . 80 30 10 · 109 59.2 173 59.5 63 40.0 76 57.3 6.93 2.42 11.45 3.32 4.5 3.1 65-

<"":f) · ~:.i ·. (i() 15 10 117 31.9 153 41.4 36 23.6 33 22.9 8.27 2.98 10.76 3.63 2.5 1.6 30 . 
. ,., ~."~ i';i : 60 20 13 81 31.6 97 36 5 17 22.9 27 33.6 6.58 2.08 8.12. 3.26 1.5 2.3 23 

·: ~,·it iH:
1
·.:·· .. ~--: · 60 30 12 98 43.1 124 49:o 26 23.l 37 36.5 6.84 2.46 8.71 2.12 1.9 1.7 27 

, ... ·J£~··' h'· .·. / .... , ,; .. " ·r ' ., * Average of the percentage increase for all .observations i11 a 'group (as indicated! under the numbe~ .... 
~· ;•,,t ·~ t,· /fJ · ·'• ·~· ~ ~ > ~ ~~ of observations). · . / '.-~ ,; , . ·.··:\ ;\~.·~.•.r._,_;_~_: ti} . : . · . 100 Jc~!tl°tisso!e.the ave~age increase of f~w after_.heatin~ to t~e _average f!o--;. befJre_.heati~g,_ in cc: per-. ~ ;~ i:;! " ~- - .. deg~ees C. i~mediately afte~ exposure to microwaves and 4.5 degrees one . :_:;;

1
; .. • : <--1 d1 

• ~-> .. ·, . minute after. The average rise of cutaneous temperature in the unex:poserl .... '.i:' :;U. < extremity was 0.1 degree C Oral temperature was taken in all 20 observations. ; • · ; ! • "~ .. • - The average oral temperature remained the same before a!1d after heating -· 
· ,.··.~.:·_.·,;;-.. · ,;-f\l, ,.:: ·: .- namely, 98.4 F; · · . •·;•c J/~ '; !•'tti ;f' , • . ~ ~.•.:,: :·· 

1 
'I"._:;.: '·'.1 .: •.• · Fifteen Minutes of Exposure at 80 Watt.s (9 Observation.s) :_ The aver-.··'•· ,- --~·« ~.1.~

1
··.,· .. ·., .. · · ... ·- ag_e i_ncrea'se of blood flow in the exposed extremity _five minutes .after the 

,·,.·. _ -~r~1~t , _ _ ",.• ,:·• -t"'iJ,!~• ~?. ·.,. ~ _':···microwaves had beeq turned off. was 21 per cent, with a. range from -W ~-:,· .. /{~~! ·;_Ji\._,_:: ,··_·.,· .. per -:ent to_ +_48 p_er cent. Ten minutes after heating the average increase ••· ;· • • • · · 

0 

:. ,;J .· :1 · i ·C,,', ·' • ,' i; ·' ' T .,;,, 4, - E ff"' of M ia'~"av" ,;, "" Bfood Fl;,,, ;,. th, U "'"'" ,d Ert,,m;ty, 

<:_ :- .>I!j }-!'.? .. ':· ;ifif~~:,; ,'.~l~::•~ :;1~I?::~ :::r;iv:·:· ?i.it; p ~:~:;.. · · . · · < .f•!i .. t 80 5 20 9.87 4.oo 9.65 4.54 --0.22 1.98 0.45 0.49 o.7-0.6 -2 
,: .:.:.·-;_.~_,,··,:··.:.~.:.·:'._:···.:•~·:·: .. ::~.:.:~.·.·".:.;.~.;_:_~ .. ~ .... w.·.,;•:.·_:·, . ~,['.' f~;: :·· '· . ~g rn 23 ~:~~ . I~~ i:~ . ~:1~ . --O+o:~8 UI. g::: . ~:?~ 8:~~-05 . ~Ii " -.·"):;~ 1{: it<'_· - ~g 16 18 rJt gi ~:JJ 1:ig +8:Jci L1t 8:;~ ~S[ >gto.2 +~ 

.. ,. .,,. ,"';,~ ;, · so· 20t 26 s.2O 2.04 7.30 2.26 -0.9O 2.72 o.53- 1.70 0.1 -11 
,.._,, .. • ,-,,.,.-,;,;i ,1· . 80: · 25 10 5.60 1.17 6.24 1.37 +o.64 o.77 0.24 2.66 0.05-0.02 + 11 
' . ·, -:• · >,.':__::j~_- I'. .:. . 80 · 27 10 6.65 . 1.64 6.66 1.01 +O.O1 1.34. 0.42 0.72 >O.O9 0 

·i ,+ · 1v .. ;_ .- 30 , 30 10 7.24 2.73 7.79 , 1.32 +o.55 2.24 0.71 o.77 o.5-0.4 . +8 
.• ' 1·,1 .. : ' '60 15 10· 8.05 2.36 8.29 2.30 +O.24 2.12 0.67 0.36 0,8-0.7 +3 

.. ~ ·ft; ... __ ~... . 60 20 13 7.06 3.30 6.05 1.83 -1.01 2.73 0.76 1.3J 0.3-0.2 _:_14 t;~,: .... ;

1 

... :,:,:_.,:_-_.·,_-.,· :_:.• :< .. 60 . • S:~ndarc/:rror 6~:9 mea:· ~!ang:..03 . 2.44 +0.24 1.85 0.54 0.44 0.7-0.6 +4 ; . . , t Blood flow reading5i' in this grOUJll of ,)bsefvations. were taken on an average of. 6.8 minutes a
0

fter· 
cessation of e.xposur'7. to' microwaves. 

, ,. f ' - ' " ,of bl9od flow in the treated extremity was 14 per cent. In the unexposed :•4l 3· ·.. . •· · (. · extremit_v there· was an average .decrease. ·of blood flow of_ 10 per cent.. In 
''-{ .,t:; ·:,~J ,:• t-- .. ;., · : : .· the exposed extremity the average rise of cutanequs temper.attire im_!Ilediately ~ '}¼} :~f-..... ' . •.. .1,after the. microwaves had been turned off was 6.0 degrees C.• while,· one ,- , . :-· { :-~~ff, :;'1; .'·· · · -': ~ . minute after, it was 5.1 pegrees: The average rise ot cutaneous temperature '- ·1~'.½~) lit' t · ·- ,. ' ' ·. · .... :••·· •cc:.: .... · 
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of the unexposed extremity· was 0.6 degree. in 19 observations: Jv;1hici: ,. 
included the group in which temperature studies w~r_e niade) the-~average" · · ·, · 

-,.-1 

oral temperatme both before and after. heating was 98.4 F. The· averag< · .. _ ., ·,· •. 
pulse rate in these observations was 67 per minute before and remaj1ied th~ · · ·:. 
same after microwave diathermy. · . . · . ' · · . · .. ·- '-, · •.• 

Seventeen Minutes of Exposur~ at 80 Watts .(10 Obser,,ations): The" ., · .. 
-average increase of blood flow in the·· exposed extremity was 33 per cent: . - , ·; -,-. , .·. 
with a range from -A per cent to +93 per cent. In the unexpected extrem-,' .. · •-.\~., · ·· · · 
ity there was no change of blood flow. · . . . . . ..: ~: ,' 

Twenty Minutes of Exposure at 80 \i\Tatts (46 Obser,,ations): ·rn 20 . , .. :•:. 
of the 46 o·bservations the first blood flo,v readings after heati!lg ,vere n~ade ... ~ -·;:. :_ · ._ 
five minutes after the completion of the t,venty-minute exposure to micro~/<"· •. '-'. ' 
waves. The· average increase of blood flow. in these 20 observatfons .\vas 48 · : : . -· ... ·. _·, · '- : 
per cent, with a range from' -4 per cent to + 174 per cent. At ten miriutes . >.: ; . •. 
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 cerit. In 26 · -
of the 46 observations' the first studies were made Ori an average of 6.8 ' - .. •, . 
minutes after the t\venty-minute exposure to microviaves. In these 26 ob-· - c •• 

servations the a yerage increase of blood flow was 40 per cei1t, with a rarige·: / ·::· 
· from -37 per cent to +120 per cent. In the unheated extremity tliere_ ~- -~- · 
was an average decreas~ · of blood flow of 11 per c~_nt. Immediately _ after . _·,: ',:: _:." · 
heating, the average rise of cutaneous temperature in 'the heated extremity.:.-' .. <::- .:_' __ 

. 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 takeri before and after heating in 30. :·; · .. , .. , 
obsen.,ations. The average preheating temperature was' 98.2 F., while the> <--<··,. 
average postheating temperature w_as 98.3 F. · . · · '· 

Twenty-Five Minutes of Exposure at 80 Watts. (10 Observations):. The 
a,·erage increase of blood flow in the treated extremity was 67 per cent, w·as 
with a range from +30 per cent to +202 per cent .. Although it is this value 
(67 per cent), ";hich is plotted in the curve analysis to be considered later,, it · -: ., -:, 
should be noted that 1 observation was far•·above the range of increase of'~ 

-- \•~ 

.:•; · .. :, .. 

'. 

' 
I"' • · .. ,, 

.... •·· 

the other 9 observations. If this :value ( +202 per cent) is omitted, the - . 
av~rage increase of blood _flow becomes +59 per cent, with a range from 

' . :·· .. : .. fl.'.~·~ ·i, 

+30 per cent to +88 per cent. This value is much closer to the theoretical 
ciirve derived. In the unexposed extremity there was an average increase:· ·., . _ . .,, : 
of blood flow. of 11 per cent, · -· ; 

Twenty-Seven Minutes of Exposure at 80 Watts (10 Obseryations): The·. 
average increas~ of blood flow in the extre~ity exposed to microwaves was .. 
59 per cent, with a range from +32 per cent to +98 per cent. In the unex- · 
posed extrem'ity the average flow before exposure to microwaves ·was the 

/., same as that after exposure. · · · 

Thirty Minutes of Exposure at 80 \i\Tatt~. (10 Ob~ervations): _ The aver:, _ ·':· -~ _.. 
age increase. of blood flow in the heated extremity frve minutes after thP. .. _ 

' micro,vaves had been turned off was 65 per cent, with a range from_ + 11, . 
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per cent to + 199 per cent. At ten, minutes the average increase of flow._ 
was 59 per cent. In the unheated extremity there was an average increas_e. 
of blood flow of 8 per cent. Immediately after exposure to microwaves the:· , 
average rise of cutaneous temperature in the heated extremit)' was 4.4 de~. ·· . :-: . ':-'·. 
grees C., ~vhile at one minute the average rise was 3.6 degrees. The average : . ~-_,:'// ,,., 

·•·.-.., f<°': •.. ' 
~ ~;~•:.<, ,· . ~ ~ .. - · ... 

, .. 

rise of cutaneous temperature in the unheated extremity was 0:3 degree. Oral ... -•. ,~ ·. ,;,; • ·; 
temperatures were taken in 19 observations (including the group in which ..... ,·_::,- · '._._: 
temperature studies were made). The average· preheating temperature was : .. :.~,_:·--, . 
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.]AN., 10.rn :~ ·, }.[R .· -~ :_: .'>/_.: -,· 98.:(F., while the average postheating temperatur~: ~vas· 98.5 F. I~- t~ese 19. \'.lj' ... · ·., //; _,observatio_ns t~e-average pulse_..rate before heating was_ 67 per minute, while 

,, . 

~ ,· 

-r:· 

'., } ~. ,: 

l:·i'.. , • ... , .. after heat mg 1t ,v_as 6S per minute: - _ .. · _· · -~]lj -·· ;~- ·:·~ :·/-:, ·_.·::Fifteer.i :fy,Iinutes of Exposure at 60 Watts (10 Observatio~s): The averit\i · !~ • '_ • --~: ·•• age_ increase of blood flow in the heated extremity five minutes after the . /.f •:, ., ' .. ·> --~::. -microwaves ·had been turned off was 30 per cent, with a range from -3 · /]: ''.._ ,~\>--"·:·.~:per ce.hf to +73. per :cent. Ten- minutes after ·exposure to microwaves th-! . ~J · ·: ; · --~ '. ·--average ·increase of blood flqw was 37 per cent. In the unexposed extremity. /!. ,' ·· :. ·:. : : there w_as an average increase of blood flow of 3 per cent. In 12 observa- · · ~\! .. ;'.- _-_:_. ... -·'.-~: :: ~-io_~s (!ncludin~ the group in .which temperature studies were made) ~he 
, 

1 tj' .·'.:;; . • ~ av.erage preheating oral temperature was 98.1 ·F. and the av·erage postheatmg 
· ;f:r<; :, '-. ~~-: ·temperature was 98.2 F. · In these 12 observati'ons the average pulse rate >:~l ~~·': :-, -· . '. before heating ,vas·66 per minute a11d, afte·r ·heating, it was 67 per·minute. 

,. ',:if_ . • ifJI _'·:".-. · :"'_:._·· .. Twenty ·Mi~utes of Exp?sure at 60 ·watts (13_ Observati~ns): Fi\,e · 
· · · '> td .. • ! : - · ;·: _nunutes after exposure to n11crowaYes the average increase of blood flo,\; .• · .• ·.-,_-_·~--.·;·'_"_·.

1
~~~-~.~ ••. ~_,_,\·•··:_·.•.,· •:ft.;· :,--:!.::\::.•-~·.:·_of ~t+h0e

9 
__ 
2

heatecl, extre
1
~ity ~as·z3:_per cent, _,·vith a range fro_m -30 pe~ cem 

~ :'t.' ; ,'£'.'! -. ~ ._ ·:.-. - · -to per cent. en mmutes after heating, the ·a,·erage increase ot flow· . 
'.t;J· · ,··".:.·. was still 23 per cent. In tll'e unheated extremit-;, there was an average de-'.P,f:::_ ' .. · -~_;:~-~e_a~~:o~ blood_r~:)~V _of 11 r.er.cen.t.-. Immediate.ly ~her :xposure to mic:O· 
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, f.:J -· .-_-<·-. ,: ""'\.'av~s _t_he averag_e nse_.·of C!Jtaneous_ temperature m the heated extremity , ~f]'_ ·:'i >, ✓- .;· .. ___ -was: 5.9 ·de~vee? C.; \\!hile_afa~r one minute the_ average rise- was· 5.2 ~egrees. 
-~:;:) :' .<-.,._-·The· ~verage_rise of cu_t~neou§ temperature .ot· the.unheated ex.trem.1ty was 
hit ·.·: · .· · ~: _i·- 0:5-d·egree. In 121- obs~ryations (including "the: group in which temperature. f ;Jt ~';':· . .-· >::- studies_ ,~ere_ 11].ade) _ the_ a.verage :PFeheating- otal temperature -was -98.4 F.; '. j .·-'. '.? '. ~ :~ .:~;:white_the_ a~erag-~ telllp_e:-atuxe after heatin? ,vas. 98.5 F: The a:'era~e control ! -:a ·. ·:·,. _•'; ·. : -~ulse· :afe m 8 _obseryati<:>ns was 6S per mmute and, __ atter ~e_at1ng, It was 69 

'iJ·. ' ' .. , .per minute. ' .. - . . . ,. •· :_ .. :·c_:. ••,• ·,• ' '.' ·' ' \•.1}li: .:.-:':,:,, :-:~. ~ Thirty_ i\'.finutes ~f .Exppsiir~ ~t.:.60: vVatts~ (12 Obserya·tio~s): Five ?.tl:: : ;<:· ·-. ;:\~ ~m~~u!e_~. after the ~i'croivav_es had be€n turn:d :off there was a_n -~ ~erage in. 
: A.· .. :"•i ,, • '-'.<i_f_e_~s-~ o_f_th_e blood fl?_,v_of..the hea-ted extre!'mty ?f 27 per cent, y,.1th _a range ~ t:[l;. --~ ~~-r _·. :~-~rom_:;:28: ~e"r -~-tnt.Y) f}.04._per_;c_enL:~ :At.ten .. mthutes _ ~he _-ayerage_ increase ; iJ~j'-'. :. :",:.': -.~?_t~l?6~}?~v_ ~vas_ :19 .per. se11t,, IQ the:.unexp<;>sed e~trenirtt _there wa? an 
: './~ ·, .'i- ,·, ,:--·'average __ I_~S~~?se. 0Lql9o~)low-of 4 _per. c-en_t:.· Immediately after the m1cro-!;t:: . :. :_:'•• --~~a\es)1~}tt~~p t11r~~~-_off,_th_e ?verage rise of-_culaneo_us t_emperature in the·· 
• ,;R;:::- •· -· , -0 heated ~~t~e111.1ty w,a,s 4.9 cjegr_ees_ <;::.-and one mmute after, It was 4.2 degrees. : ~•.r· .:: ·-:·· ,·_·: ,:::The-~·,:er_age_rise·.f>t p'.1til:~eous _tery1perature of the ·unheated extremity wa5 , ~j1 ·, - .', : ··0.7 ·degree._ In .1.3 observations_ (in.eluding the group in which temperature : ,'.:~j, · , ... ;studies; ~ere made) the average preheating oral temperature was 98.3 F .. •, }~1

1
· ··, •·_ . -:,~hil~--~after_ heatin:g ·it ,vas 9$.4 F. _-The ayerage ·contr~l puls~ rate· wa~ 67_ '. /'., ' . : ·per minute, and Jhe ;pulse _rat~_ remamed:.unch..,nged after heatmg. 

::·-~•:"· -, .. • . ;c~_:: :,•· ·,:; .. ':•' ... · ... - ' . ' ... - ' , .... -' . )'l ·: . · •,. : ''. · .. · · .. .. •· .. -.,- .-.-~~ Statisti~al '?nal?si~ o(Data. : ,_ .. _ . ; !~:FL}.'.: .:·. :· ~~~:t.'!-1:th,o_tigh 'th~: ~{~-~ai"~ ~-n-ne~~e ~(t~mp_erature was· ~reaterfor ~H~~c~lar , l'l,:: .· ·: ~ .-._ ,: t!~s~,-~ th_a~for sktn_.or ~.ubcut~ne~us ~1ssue·1n every gr_oup_ but one \ ex~o;,m:~. 
· ,1~;,- • ·. ;-, .•• • ::•· • for one nunute at 80 watts), 1t was Important to· determine ho~, s1gnifican ~ ~ i11\:;\ ' . .'_'.;,,-' . t~js_· _<;l_iffer~pce •in. temperature rise was. - In tables S ~tnd <;i. a ':ompa,i:ison • 
1 !--' 1 ·;.· •• • ::· :betweeq -the_: heatirig· of. skin, subcutaµeous tissue and muscle is given. The ! ~/ · ·,: ,- :. /, ·· tiril;peri'tur~ ·· ri·se ;e>{rri~;s~le was_ significantly greater than that. of. subcuta-. 
" ~.; . .. ' . . . ... . . 

. . 
H1 '_/=~:.\.<· ,.ri~o-us tissue, while the temper~ture· rise of -~ti~-~-uta?~ou~ _tissu_~_ .. wasyg-. 
if :11 °:-, : . • · · · nificantly: greater th?-n ,that .. oLskm ... : • ,>::-: = .:, .. ; .. • -~· ~ . .· ••• - • . : • . 
, rn; r:t-~-- ~-.". ;?4n'o•tliif~:imp~rt;~~ pro?lem' "?s· the· c~m_pari~oh of. blo~d' flo,v- and tis~ .. 
· i-.h.·:. -.,-~ •.' ;-st1e·.temperat_ure after .Identrcal penocls of exposure; but at cltfferent outputs .. int>:"•_':·:.·= __ Chart S shows the difference in effect between 60 watt and 80 watt exposure. !tt?,:.,./.t:}~_:_·•~:,·:_---·::: _·.. >-·;_ .. - ~ ' ---~--- . .. . . ·. ~ ·:~--::, - : .. :'-;·.:,. • f JAl · ~ ., ·• 
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Tables 7 and 8 give· the statistical data which enable one to· co.mpar_e t~e· 

effect of the two outputs used in. this_ study. ·•· , . .> · · _,: •:...---:----,. 
After compaJ;ing the effects of. different outputs ;it any given time 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 80 watts and the change of blood flow after exposure at 60 watt~· 

- : : . . . . . ' .. - ';. 

TABLE 5. - Co111parisoii of Te,;1perat1tre Rise of.Skin, s;~bwtaneourTissite and ,11us~le 
.After Exposu,re to Microwaves. · · 

Difference 
Between ·standard 

' Data Compared Obsen-ations .Means, °C. Erroc, •c.· t ... p' 

minute heat; 80 ";atts 10 + 10. 
Subcutaneous> skin· 

.. 
Q.2 0.20 1.00 0.4-0.3 

Subcutaneous > muscle .. 0.4 0.16 . 2.50 0.02 
Skin > muscle ,,.. __ ·r 0.2 . 0.17 1.18 0.3.:..0.2 

5 minutes heat; 80 watts 26+26 
Subcutaneot1s > skin -l,.._,..·. 0.7 . 0.33 2.12 0.05.:..0.02 • 
l\fuscle > subcutanec-us 0.3 0.35 ".0.86 0.4-0.3 
l\foscle > skin 1.0 0.30 .• 3.33 0.001 · 

JO minutes heat; 80 watts . 2? -f-:25. ~-
1.96. Subcutaneous > skin' 0.9 0.46 0.05 ' ' 

Muscle > subcutaneous . 0.4· 0.47 0.85 0.4-0.3 · . . 
Muscle> skin 1.3. 0.40 3.25 0.01--0.001 

, . 
.... ·~ . :~- ' ~ .,.,_ ,..-

15 minutes heat; 80 watts 10 + 10 .·· 
Subcutaneous> skin 0.7 0.93 0.75- .. 0.5--0.4 
Muscle> subcutaneous_·_ 

t:. 
1.2 0.86 1.39. 0.2-0.1 :., 

l\!uscle > skin -~. _,-
.. 1.9 0.66 2.88 0.02-0.01 

20 minutes heat; 80 watts 2s+2s .. . 
Subcutaneous > -skin 1.1 0.49 2.24 · o.os::0:02 
Muscle> subcutai:ieons 0.9 0.50 1.80 0.1-0.05 
Muscle> skin 2.0 0.48 4.16 · <0.001, 

25 minutes heat; 80 watts · 10 +10_ 
Subcutaneous > skin 0.7 0.32 · 2.19 0.05-0.02 
Muscle > subcutaneous 0.3 0.34 0.88 0.4-0.3 
Muscle> skin 1.0 0.36 2.78 0.01 · 

30 minutes heat; 80watts 10+ 10 
0.52 Subcutaneous > skin· 0.5 0.95 0.4-0.3 

0.9 0.58 1.56 0.2-0.1 · ;' Muscle> subcutaneous 
Muscle> skin·· 1.4 0.52 ·2.70 0.02-0.01 i ' . 

15 minutes heat; 60 watts• rn+10-
(74 Subcutaneous> skin 0.7-- 0.40 0.1 

Muscle > subcutaneous.· . 1.4 0.37 3.78 0.01-0.001 
Muscle> skin . 2.1 0.32 6.56 <0.001 

20 minutes heat; 60 watts 1,0 + 10 ,· 
0.~.3 Subcutaneous> skin 0.4 0.42 0.95 

Muscle> subcutaneous 1.2. 0.40 3.00. 0.bl-0.001 
Muscle> skin 1.6 0.31 · 5.16 <0.001. 

30 minutes heat; 60 watts 10+10 .• 
Subcutaneous > skin 0.3. 0.33 0.91 0.4-0.3 .... 
Muscle > subcutaneous 1.4 0.38 3.68 0.01-0.00t 
Muscle> skin 1.7 0.32 5.30 <0.001 

for 15 and 20 minutes _are analyzed from a statisti~al standpoint in table 9'. · 
The changes 0£ blood flow after exposure at 80 w;itts_ will be· treated sep-
':trately. ·.· ·· · · ·. ' 

In charts 6 and 7 the change o·f blood flow· in the eX:po~ed extremity (at 
80 watts) js related to the duration of exposure. In chart 6a this change . is:· 
expressed in cubic centim~ters per minute, _.while in cha_rt 7a it is expressed 
as a percentage in.crease, The curve forms· are similar arid _are more or less 
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symmetrical and sigmoid.· This type ~f ft;nction is knowri as 
··tion an<;f ~ay be represe~ted by the following formula: .-..... . . . . : : ', ~ , . , . . " . . . . , 

a logistic func-

'TABLE 6. '.:_ Comparison of Temperature Rise of Skin, Subrnla11eo11s Tissue a11d llfosl'lc After Exposure to Microwaves at 80 Watts. 
. . . . . 

Data Compared 

Muscle > subcutaneous 
Subcutaneous > skin 

Mean Dif
ference °C* 

0.5 
0.7 

Standard 
Error, °C. 

0.20 
0.11 

t . 

2.50 
6.36 

p 

0.05-0.02 
<0.001 

· • Mean of average difference in rise of temperature after 80 watt exposure for one, fi'"e, ten, fifteen, twenty, twenty-five and thirty ,minutes. 
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·- Chart 5. - Comparison of effects of exposure to microwaves at 
1 6Q _aµd 80 w~tts .01t blood flow and on hssue temperature in the treated extremity. Blood'. flow readings were taken· five minutes ·after·the. microwaves had been turned off. Temperature readings Were taken one minute after the microwaves- had been turned off. ---The height of each bar represents the average of 9 to 2n observa-. _., tions, as indicated in tahles 1 and _3. 
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Chart G. _- Effect o( exposure to microwa,·e~ (SO ":atts) on blood flow in the treated extremity. In a the . ordinate illdicates· the increase of flow i11 cubic centimeters pt!'r minute, while in b the ordinate indicat~s a logarithmic function of the increase of flow in cubic centimeters per ,minute. Blood flow readings \\'ere taken fi,·e minutes after the microwaves had been turned off. Each observed point in fig·ttre Ga is the · · averag~ of 9 to 20 oh.::.er:vations. 
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TAllLE 7. 
'~-, . 

Co,;1pariso11 of Effect 01l Tis;IIC Teni.p~rature of Expositre to Microw,iv(r 'ar 
60 and at 80 Watts. '-' · 

\,,•· 

i 

• .. Difference 

Data Compared Obser~ations 
Between Standard 

Mean_s, °C. Error, °C. p 

l S minutes heat • · · 10+ 10 ·-
,60 and 80 watts · ·.,. 

0.7, 0.63 1.11 0.3-0.2 
1 -~ ". 

Skin (80 >60) ·. 
Subcutaneous (80 >60) 
Muscle (80 >60) · 

o.7 . . 0.82 
0.5 0.45 

0.85 0.5-0.4 
1.11 0.3-0.2 

'· . ~ -.· r 

------------------=-----,-~--------,----------
20 minutes heat _ . 

. .... · 
10+25 ·',•. -· ' 

60 and 80 watts.''. 
Skin (60 >SO) . . . · 
Subcutaneous (80 >60) .· 
Muscle (80 >60) 

30 minutes heat 
60 and 80 watts 

Skin (60 >SO) 
Subcutaneous (60 >SO) 

. Muscle (60 >SO) · 

10+10 

.' --
0.3 

· 0.4· 
0.1 

0.8-
0.6 
1.1 

0.41 ·· 
0.50 
0.40 

·o.37 
0.50 
0.48, 

,·.·, 

0.73 ·. 
.0.80 
O:Z5 

2.16 
l.20 
2.29_ 

0.5-0.4 
0.5-0;4 
0.8 

0.05 
0.3-0.2 ., . 
0.05-0.02. 

--------------------------,------------- .. -,~ 

TABLE 8. _.:_ C on;parison of Effect of .Exposure to Microwaves ai _60 and ~t 80 _Watt,s. on 
. . . Blood F_low. : - . . · . · : · · . · _ 

Difference Between Standard· . 

Data Compared 
Means, Cc. Error, Cc.· • ', 

Observations Per 100 Cc. Per 100 Cc. · · 

15 minutes heat (60 >SO). ·9+ 10. 0.8 0.70 -

20 minutes heat (80 >60) 13 +20 1.8 0.73 

30 minutes heat (80 >60) · 10 + 12 26. uo 

y - -----·•· 
1 + Cert . 

"·here y is the dependent v~riable (i~crease of blood· flow), . 
t is the independent variable (duration of exposure), 

.·P 

1.14 0.3-0.2 

2.46 0.02 

· 2.36 0.05-0.0~ · 

,..,_. 

- . 
' 

K is the distance between the two asymptotic values· of y. . . ·• , . 

If the lower asymptote is at y = 0, then K,represents the value of the upper asymp- ·r - · 

tote. . · · · · · ,. • '' 

r is a parameter associated with th"e• rate of the reaction, and . 

C is a constant of integration. 

The value of the parameter_s may be determined graphically by plotting· - · · 

log K-y agai~st the duration of expo~me. Various values for K a_re ch.osen an,l. 
. y ~--:-- . . . . 

a curve is plotted for each value of K. That value of K is chosen which gives 

·a linear relationship \\ihich fits the experimentally determined points most closely. 

The line thus obtained can be used to obtain the parameters r and C. The lines 

fitting the data obtained in this study most closely' are shovm in charts 6b and_ ·, 

7b. The equations whi,ch result are the foil_owing: · · · :: 

80 . 
y= 

1 + 14.3e ~.l33t 80 .• 

y = ---------

(wh<;,re y is the i~crease of blood flow in c~hi~ centimeters 
per mi_nute) · ' 

(where y is the increase of blood _flow in per cent) ·: 
',-,c '. 

1 + 23.le -0.1531. 
~. . . . 

. .. 
The theoretiC:-al ~urves obtained from these equations are compared with·--, 

the experimentally determined points in charts 6a: and 7 a. It_ is to be noted that. · 

the greatest discrepancy occurs at time equal to twenty-five minutes. At : 

this point there was one unusually high value. The point which would b.e.. 
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·char:t 7. - Effect. of ~xposure to microwaves (SO watts) on, blood. flow in the treated extremity. In a the ordinate indicates the increase. of flow in per cent, while in b the ordinate indicates a function of the percentage increase of flow·. Blood flow readings were taken five minute9 after the microwa.,·es had been ·• · turned off .. Each observed point. in figure 711 is the a,·erage of 9 to 20 observations. · 
obtained with this value omitted would be much closer to the theoretical value . 

. This equation may be interpreted in the following manner. At time equal to ~!us infinity, the blood flow approaches an asymptote of_ 80 cc. per 
TABLE 9. Comparison of Effects of Dijfere11t Duratio11s of Exposure to Microwaves .. 011 Blood Flow and on Tissue Temperature. 

Data Compared 

60 watts-IS & 20 
minutes heat 

(15 >20) 

60 watts-JS & 20 
minutes heat 

Skin (20 > 15) 
Subcutaneous ,· 
(20>15) . 
Muscle (20 > 15) 

: . 60 watts-20 & 30 
·· minutes heat 

· Skin (20 > 30) 
:..:-Subcutaneous 
- (20 >30) . 

Muscle (20 > 30) 

Obser• 
vations 

10 + 1J 

25 +26 

.. ' 

25 + 10 

10+10 

., 

-10+tn 

10+10 

~.: 

·, 

Difference 
Between Z..Ieans 

· 0.99 cc. 
· per 100 cc. 

.0.2° C. 

b.6 
1.2 

0.4° C. 

. 0.8 
1.4 

1.4~C 

1.6 
1.0 

0.9° C. 
:-

0.6 
0.4. 

1.3 :c. 
L4 

.. 1.2 

Standard Error. 

0.80 cc. 
per 100 cc. 

0.39° C. 

··.0.45 
0.42 

0.41° C. 

0.42 
0.44 

· 0.40° C. 

0.45 
0.49 

0.35° C. 

0.47 
0.28 

0.31° C. 

0.44 
0.33 

: ~ 

- -

., . 

·, .· 

l.24 

0.52 

1.35 
2.86 

._0.98 

· 1.91 
3.18 

3.50 

3.56 
2.04 

2.58 

1.27 
1.43 

-4.20 

3.18 
3.64 

p 

0.3-0.2 

0.6 

0.2-0.1 
0.01-0.001 

0.01-0.001 

o.oi-0.001 
0.1-0.05 

0.02 

0.3-0.2 
0.2-0.1 

<0.001 

0:01-0.001 
0.01-0.001 

. .I 
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minute incre~se o( blood flow, or 80 per cent incre~se of ulood flow'.. An ii,~ ->,·~ .·.:: ·. : /r,·· 
. flcction point _in the curve is present at K/2. At this point, which_occur~ after . .. . · :: : . ,.:) • 

twenty minutes of heating, the increase in cubic centimeters per minute or · ·, · .. , . :: .,{{·> .. 

in percentage is 40. The slope of the curve is maxim.al at this .point, which ·. ,;._,.- .· : · ·-·<:' · ::/ · 
is the point of symmetry. Before this point is reached the curve is concave: . ,'~ . ·.-"·? 1>/t., \.- ~-
up, whereas beyond this point it is .convex up. · · .. · .. ··.'.;; ·: _/.-·'.':/-:, /:~/~ . 

. . . General Obser'vations . . .. ,,::?(' <;-?_(;\:·: · 

No harmful effects were noted in any of the subjects. Minimai ctita-'->. ·.-- :, .. •>~';_:·-: .• 1 ·-. 

neous erythema was present in some S!lbjects ,vho had fair skins. This-/\;' . :• :_;-, ~ .. 

crythema disappe~red in -a. 11 cases within on~. hour after the termination of·_.· ·--~· :2::j"i~f:::i, 1·, 

the exposure to n11crowaves. The only sensations noted were those of local ... · ~, • .. ·::;·•·t t· 

and general ':'an:1th. \.\~hile heating with an 0'7tput of 80 wa~ts, it w~s noted · -'.· --:.-• \ { .• -.;~ .,l!; 
that the subJectlve feeling of warmth. decreased at some time d11nng the •• · ; · :••'. _ .. ~ ';; 

period of exposure to microwaves. In 6 subjects who were exposed for·_ · <: ·, : :-'-'./ 
twenty minutes or_ longer this_sensatio~1 of decrease of loc~l ~emperature ap-. ·;.' .. ,'.·-'5J~:··;,_ -
peared between thirteen and twenty mmutes after the begmmng of exposu~e. , .. ., , ~ •. 

to microwaves .. Of 18 subjects- '.Vho we_re exposed to. microwaves for fifteen ,;, , . 0

'" .:: 

minutes, only. 2 noted any subjective local cooling. Thi,s occurred at nine· · · 

and ten minutes after exposure to microwaves· had been started. : , .... :: '" ';. , 
.. _-~ . ; 

Comment . · .: ·. · · .. · • · · 
.. - : •, •'. ; ·,: 

The amount of energy absorbed by muscle after exposure to micr6waves· 

~sy ~~1eea~;e:~
1
earn r::e:t o~bte%!:~a~!res~~~~~;~;;~: ~;~ceul~~ :t~:-e a;i1~

11!~!~~!. ·/?;<}}<: 
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 ·. · ·· ~,tz; :/:>}·: 
consideration, the difference in the amount of energy·absorbed becomes even: ' · ~: · ;;·:,:-:•,~;,, · ~: 

greater. Muscle, with a higher specific heat (0.82) than subcutaneous tis- . ·; . :.·.- . 

sue10 (0.4-0.5) has a smaller rise of temperat!-lre than subcutaneous tissue for · · · 

equal amounts of energy absorbed .. This apparently greater effect of micro

waves on muscular tiss1.1e than on subcutaneous tissue may b·e due to th~: 

fact that the conductiYity of muscle is greater than that of fatty tissue.11 -: · · . ·.. . . 

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 flo'"'' _are approximately the same for 60 and for 80 watts: :.'· ::, , 

The rise of temperature, howeYer, is greater: at the 80 watt output than at _the .,.. . ·,: /\< ,.- t · 

. 60 watt output, corresponding to. the greater energy output of the former. .,;-· ,. .:/ . . -: . 

After tw~nty miniJteS of e:•q)osure t)1e tissue temperatures following 60 watts 

were greater thar\ at fifteen minutes. \i\Tith exposure at 80 watts, howe,,er, the 

temperatures of the tissues do not rise above the fifteen-minute level. Fur-•· -

ther increase of temperature has been prevented by the increase of blood: 

. -"·-.. ~--~··' :. ,, 

flow at this time. After thirty minutes of exposure the increase 0£. circula~ '· · .• . 1 .:. 

'tion is sufficient to remove heat froni. the tissues faster than it is accumulat-· .. : '· ._/ _,,/~·.;: Y 

ing, th1is leading to a decline of tissue temperature from the twenty-minute .. · •. ,~- .. /' ·'; .· . 

levcL The increase of blood flowwas much greater at 80 watts than at60,.',.·~- .•:: . .':." ;~: .· 

watts, and the fall of the temperature of the exposed tissues was correspond-':~,_,:_;\;";\ .. •. 

ingly greater at 80 watts than .at 60_ watts. · ,- .: .... -'· · 

10. DuBois, E. F.: · Basal Metabolism in Healt-h and Disease, ed. 3, Philadelphia, Lea & Febi~er, 1936, 

PP. 69-70. Burker, K.: In Tigerstedt, Robert: Handbuch der physiologischen llfethodik, Leipzig, S, Hirzel, · 

1911, vol. 2, pt. 1, pp. 39-41. Rubner, l\Iax: ibid.i vol, 1, ·pp. 168-172. · · ;, '· 

11. Holmquest, H. J., and llfarshall,· J. G.: Brit. J:O. Phys. l\Ied. '11:70, 1936. Osborne, S.· L., and 

Holmquest, H. J.: Technic of Electrotherapy and Its Physical and Physiological Basis; Springfield,. Ill.-

Charles ·C Thomas, Publisher, 1914, pp. 483-485. · 
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· ·: ,: ~ - _ ·; .. _The fall of teniperature of subci:1ta11eous tissues during the seco~d min-<_:1,,·._:·l';,'_ .. ··:· > .. ·_:'. _ute-after the rnicro,v:aves had been turned off is greater than that of mu~cle_ .or:s_kin: · Subsequently, the decrease_ of temperature in the muscle is greater ··:.4· .. ~ than in the subcutaneous tissue. 1 The . .low.specific heat of subcutaneous !;j\. _ · tissue may be a factor,for a relatively .small amount of energy kiss will re.;:.' · -sult in a relatively grC:at tempera-fore _decline. In addition,. some of the : :1t-- · · ' factors responsible for the cooling_ of niuscle may not be operating maxi. ; f · - mally immediately after completion of the_ exposure. Leden and her co:::: i·· . , •. -,vorkers6 found, in•the dog, that the blood flow in the femoral vein usual\, .; H ' .;, --.. , : .. did not ,reach its peak until some time after the micro,vaves had been turned 
I .i' 

~:- ' ~~.- ~ .. ; ~~-•,l,·:_'.1' :.·· · · . off. '_ Flinallr, ·con_til· ~ued .production of heat ·within the muscle after exposure . _ _ may a ter its coo mg pattern. · · ~· ,• -

' ~
,,,: ,._~, <t 

-~ - .. · 

~' . -. .. ,. . r 
., ... ~-

·,i.•' 

' ~) 

·, :::~ . : . '· In fh1s study the logistic · curve was used to describe the increase of •;} ·. :· blood flow resulting_ from 80 -watt . exposure for. various durations. The · {,1 :· ··: -· ·_ logistic curve_ has b·een used to descri_be growth. of population12 and of or'..,'.il _: -·" __ .:. _. _ -ganisms,13 data on bioassay1f arid autocatalytic:reactions.15 In the autocataly- _.; , : .. · tic reaction the acceleration :during the early phase is explafoed by the for-fl · ,. . -: : mation· of a su_bstance which is eit-~er a product or -a by-product of the main '. !(l .;, .. -reaction and_ which accelerates the reaction: The pliase of retardation may • f..-, ,. - ~ _:_, ·be:•the result of exhaustion of the substrates of the reaction and the accumu. 1 .. ,J-·. · lition -o( th~ reiction _pro.ducts with acceleration of the reaction in the re-i tii ' :._ . _.vetse direct:iqn._- ·=¼~ith :. this in_ min<l, •some sugge~tions 'may be offered to n~t > · .--~_-: ·expla}~ -the ·acc:e!eration ~nd. retarclation ,phases in the increase of circulation · .q ·.. ;·:.,·;resulting: from ex-po.sure to miq_owaves.: .Heat ·may cause vasodilation by ; i;it .' _·.-. _ ~irect action qi b): ac.tion on vessels through· the a,xon ·reflex.6 · The accelera; ':/t •-i~ '. ,. c. 'th;e·: factor ·ma,: be found in the metabolites ~vhich ,are formed within the ! l}f:t ' : ~_·:- tissues.:_. As :·the tempe~~tur,es. ',_:\_'it_hin the . tissues i•ncrease, the metabolism 
l~ -1 ::t;1 _ . • . . < ,_-" i'n'ci-e~~-e) an;:Cthe-_pr_odu.ction of metabolites is· enhanced. ~These metabolites : : '.fl : · ;··· -. : · ·_;,:. :·:·aiifli;· t~e'· dilation l'.>f the· ,=es~_els. · Two_· factors may be ,present which a_ct : ,; ·- · _- 4. · _;.~ ::;~-fo- reta_rd. the i:irctila:t_ory_ increase. One is :the -presence of a maximal vas-. :1 ·_. --. ,.:··}':~:::til~r.bed, /hi oth~:f.!S. the _remova_l- by:·the· cirtulati~n "of the factors which ·~! j .. ! '.~ ~-· .. · - ·_--increa·se the blood flo,v - n.~.t::~ly1 _ _1).~at and metabolites. Thus, as the cir-1 ~) ·; , _ _;.:.: · ·;"cul-ation incr~ases, it exerts a·~cramping effect on further increase. It is to , \~J .. , .: ·<::"/: -, · be note~~.}h,~t 0t~~:r~tar~ation pha~e in. ~he ·incre_~s_e: of'blqod flow and the }1,_,;f , . -: ·• • . _, , .. ' d~crea.se_:of. t1s~ue temperature occur ati the same ttme. ; ti~ . .. -,~ '· ;.,_,:,·. · ~-. If 'the. ''flushing acti"on'' of an increase of blood ·flow ii;' desired for th era-';~{} _ .. -. ,:cs~:pe~'tic purposes,. expost1re at -80 watrs for thirty· minutes may prove more . { f. :L ·1~si.r?-~.le ~!~an ex:posure _ at SO watts, for twe~ty minutes:· and -.is ilso prefe~ab~e , ,, .. f - . · :· to 60- ·watt .exposure.for. any of. tne·:durattons used m ·this study (this 1s \ ;[' l . . ' _, ... t1}1e for the-.h~m1sphe;ical directo~ of 9 cm·. di"amefer 'placed s.· cm. from the 

.. ,,., . - .. . 
' - . ' . ' . -• '1'.'.:{ ·.· .:..'.-.. _ -~ • · skin.). Th_e·adv31ntage__of. the 80 watLexpostire for thirty minutes is indicated ; J.l. /·\::.\: -: . : ~-: .~~-th~~-:_t~~:~~ie of _tiss:·:· tempe~a:re fr_o~ ~-ts-peak valu_e_at :.twenty ~inutes._ v'i , -.- . ,._, ----~-, ~mmary : --;.--.··---- .. • 

: ~~
1
1· , . ' .. : :,:~---' . :1\~0- hun4_r_ed and fifty-four observations" were :made o·n so- _normal human · ,, "'-. , - . "s'ubjec:'ts concerning the _effects _of microwave radiations (2,450 megacycles · ~) -. .. - - - per second) on the periphei-aP'circulat1on and on the temperature of ·skin, ' • li • :· subcutaneous· tissue and imiscle: ·The' director used was hemispherical and , 'Jl · --.~-- . -,-·,abput:_,~ op,__in-diameter .and·was 5 cm>ft:om the skin di.n:ing the period of ':.i ' ... ~ ---.- . . .- .. . :.... - .. - ~· ·:- .... . ·. ~. . ~ ~~ . .. - . .. ' ; ·,,-_;_~ _.~~ . ' . - 12:. · (a) ·pe'j,r1;·R;;.m~nd: · ln-trodi,ction io l\Iedical_ Rion_1etry and Statistics,,edL 3, Pltiladelphia, W. B. • Saunders Company,- 19,0, pp. 409-470. · (b)' Thompson, D. \V.: On Growtl1 and Form, New York, The 

- 1} ·· - .. ·_-·; ,·' .. Macmillan Company;·1942, pp. 1-10-171, 255.261. __ . . - · :,·· .. ·.'.1 '' ·._.~ .-_-- -/:. . 13.- --Robertson,• T. TI.: The Chemical Basis of Growth and Senescence. Philadelphia, J .. n. Lippincott 
., .. Company, 1923, pp. 1-16, 81-91, 13S-150. , • ·! - . 14. Berkson, Joseph: J. Am. Statist., A. 39:357, 1944 . . ;,.'.ti ,,·., ··\:,:.':·: ·-, 15. Reed, L. J., and Berkson, Joseph: J. Phys. Chem. 33:760,.1929. Thompson.12b. Robertson.13. 
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c~posuce. ;he outpu:::~0:::~,:::~:~~:r'.~,:·::~atio:~;~~;oJ:?·' '.: '.~' i ' lrt.; 
varied from one to thirty minutes. The· following obsen;ations could be made: · •.i.:_:,t.:.//l_:.:_·_:· 

l. ·. Significant increases of blood flow and of tissue temperature iri the· i. · • 

exposed extremity resulted with both outputs _and all durations used. There ~ {":; · 

were minima( general effects arnf no· ill effects;· · "' ; ; "' ·t~}{i ·• · '~ 
2. The grea ~est amount of energy absorbed w_as, on the average, h1 the ,. f· • · 

mu'scle. _ ,.. _ . '. I:; I f '\ · ! ff .l ! \' } '.. •·~ '. 

~:,:L0£{'.~:::f ~~i1f I,};.r(:f~i:,r::::~~,1;1;::;:E:::~:;,r:~.:E.• ... ':; .• ,,:, \ ·, ;· ··1···~;_'._·,~,~-i-:.•._:.:,.,_··:_ .. :.!~•;~:·,·.·,·.:.;_;,'::_::.~_._·.•··.• .. :;.·_·L ... · .. ·.·.•.·.·.·.·• ... 

at twenty minutes of exposure. The greater the increase of circulation, the· ,· ._:·\_;_:>·:.~;·.p- "•- . ~ .·. 
greater the decr~ase 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 · 1 /:<· -,. 

exposure. . . · · · ' I ! ' . 

4. The curve relati1ig increase of blood flow to duration of e~p~s~r~ ;::: · 

at 80 watts is S shaped and indicates an early phase of acceleration of th'e · ·" .. " '"1 

increase of bl0oci flow, followed by.a phase of ret.ardatio~. · · . ~··.. ··, · : .. ,,.:,r: ' 

We acknowledge· with gratitude ·the helpful suggestions a;.,d guidance gh·en by Dr. Berkson and M) .. ':-) :,<:~:~/,- 3:/>;;- f • · !, #'·),,.,. ., . 
Gage in_ the statistical analysis: of the data. · . ,. .. , .; ,·: :·· -~ , t_, .;••~ . ,::),, . .. • , 

De. s:,ffo,:~. Osborne (Ch;cago)~islcus:'.:;;: ~'" own st"d;,s, whkh w,ce pw :. · i, :. ' tlf :,\ 
think all of us who have been here· this sented this week, apparently do not show .-

morning have really had · an intellectual a good correlation factor., .·~. > .. ,,.;, 

- treat, not the least of which is the paper The material was presented rapidly, and 

to which we have just listened. I shculd I had the good fortune to go over Dr. . • .: . .. 

like to congratulate Dr. Gersten on his Gersten's paper, whi,:h he kindly sent me ,., 

able presentation. The only thing I re- we)! i.n advance, so it was easy for. me 

gret is that we have only a meager fif. • to sit down and listen. I am one of those 

teen minutes to present such valuable and individuals who have. to get things by the 

important data. Therefore, I am sure that eye; at least I get them much better by. 

some of the points which I shall bring the eye than I do by ear,· and so Dr. Ger- . 

up, when the work is in final published sten, I am snre, will be able· to put me · -; .J: · .. , , •:·, :·. 
•form, will have been answered. right if I. misunderstood, or if he did not • -. --p 

The first question I should like to ask is make the statements, or if. it was nof cle~r ~ • • --~---~.-~.,'_·_,·,~;.· .. :·:i,:.:'•,•."''.'• .. i;,.f_'.. ·• .;.: 

about the statistical method which was to me .. · -
,,,_ . . . ;. 

used to determine the significance of these Dr. Gersten, I believe,. stated that after" ·. '·' .. · 'lt,·-< .. , , t 

changes which occurred in ·Jemperature fifteen minutes' expo_3ure at 60 or 80 watts . • _ . -~/: · . ." · ,. ·. ·. 

and blood flow ··: · the blood flow is approximately the same, . •: · · 'if},;,• 

~r;;~o~~;11~~;ait~?i~!sta~,~!s \arte:~e~ ay~ f~~~~~~h attso ~~-:tst/ glt,!.e:s t!~ieet~h:~ . '. .. . ..• -~.:.~.~.,·~.

1

_-_·.·.: __ ~~.-..•. :.:.~'._'.::.::.:.' 

muscle· than in the subcutaneous tissues with addition:".! time exposure at 80 watt5, · ·,.. t '~- . , . 

'and the te1nperature rise ,vas higher in ·the there "'as no further .increase .in tempera- .~"~ · .-;· ,J;. i·~ .. 

subcutaneous tissues than the rise on the ture because of the increased blood flow. ,. :: ·\i.:_:_:_,'.-/:-~ _': 

,urface of the skin. In other words, the Yet it is stated. that after t\venty minutes' ., !},' , -

heating gradient was reversed. . exposure at 60 watts there was· an•. in- • -.,,. t·"";ti' ·:' ,;,:,., .; , 

w!,!e t~t1t~:r~~-n~l~1iir~:~:l~~-~11tt~ :t:~= crlaj~s{n wt~~d!~
11

~i1~;~~~;e tl~\!eis an error, ,.; . ~.';~ , :: 1-.l.,:.r-_:{,~.~·,.·_:,_;· -.. · ·-.'. ::_· 

gerous method to •Use clinically, because or whether I have not read correctly. If :: .: . ~, ... : 

<langerously high temperatures 111ight be I have .rea:d correctly, I a1n sure Dr. Ger- , · ' ... ;,. ..... ,~ft.~·- l.'~'t 

secnred in the deeper structures with a sten can clear up that slight apparent dis-. ~, ~:.\•,' 

~Ellit:.:iril{:T1~i;;~~t\i:::~i; iJ11~:;:~rg,~r~•l~;j10:1~i;11r ,. , ~,:- -, · :_·_[_:_f.:_r;·:·:_:.••·•·f.::.:.· .. _:._·.· __ -_·· 

1ncaSnre-to difference·s in the technic•·used some ·o:f us 'in the laboratories are. so~ ·-:: ~~~ -- ~ 

by the laboratories in taking the temper- familiar with cer.tain. terms that familiar- '. ·,-'' · ;;i."' • ., •. ,./ .. 

ature readings. One certainly cannot ques- · ity breeds contempt. So if 'the laboratory .. 'fg:W·' ·. 
tion the results which are presented to us_. ,workers v:iil pardon my presumption for.;. ... , . 1,; "· 

Thir<l, I shonld like. to. know whether -onlcte,, .. Iouslld1osueledmlik,,~1seto' I.ratli1~1e11kt,l·1·1ins np1ooisntt.o·f. :·. • ;, :\>: '. P_I.::- '.' t, > 
· you fo11n<l, Dr. Gersten, a good correla- , t;. .. ,'.I~, ..... , 

lion between temperature rise and bloo<l ou,r papers, when we write them, to point ,- . '}if··: · · 

flow, if you·o;~k-ed o:t.'COC"l,fiofl fa<· m,t that the lweas,d temp<c~:•(:,:nd . ' ,_, , ' 'J\-': )', 

#,-,.,.._,::~:~-''.' :.;''" .:-... •,:; ~::-y•~7.;:~1~?:'~>: "10:f ,n_ . %·" ~?"}'\<:• ·:'·' :~?r~':":";'f~'.' 1 $'~Y'~;~::,,.tft,;:"~~~,t,•r7.-~ ;1;·!~1a,-?,;;::.~: :'\';l;:,¥M~·F· irt~-:.~-~~:??~.: 
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i->(.<, ;:; 24 ·:'.· '.t·c';}:···:ARCH~_vES OF.PHYSICAL _MEDICINE . ~· '' ~~I 1 •· .· :~ ·.• .·: y \ ·.• ·. blood flow ar~ ~-r~duced· only - and Dr. ly from the absorption of energy by the 

·.,. J.19 ',,;:·1·i · ·• ·-... Gersten, I think, brought that out fairly muscles. 
· · :t'j', · t,'!r,}-'_~::_.;;,_.··:· ·:·.·.·.: well - by the absorption of energy by I might be wrong in my physics, but is 

·. ·.>-~r~Jij; -. - f.· •.• !t:ti~s~e~;eah~a~h!~ t!:c~u~b~~~fth~ ~:I~= ~~:rer;i:ct~~e b~~~~~~r }~~~ tl\~~e ~i::~~ ?. ;P~.;1;,·.I f, .. l.:.i,.,:.1_;.;_.;_~-:_\.~_·l_··.,:_· ... ;_ .. : .. :~ ' ,-'. -~~!·r;;i\~~~
1
:hrt/~b~~~b~~aih~t i:a~;

1;0J~~! d~~-ed r~g~l~rs ~~!~? ff :~i~ isust~~:. ~~~ 
· •. . :S"!, • • • . · · • an effect ·- does not .bear a direct rela- cannot be sure that the muscle tissue itself 

· "~! , • r · - -,., ··· tionship 
. has a higher absorption rate for mici-o-

. ''Vi 1
1 

·s· .• '; . ' _. •· ~- ' I th;;k I hm · played .w;th h;gh fr<· wms th'" th, 0th« t;ssues. ,.-,:}: l j\
1
It\}-_ .. •· _, · g~1~~?ii1i;:i~~i~~:1:~:{,~~t ~i~t 1:1:::~zf ~t~i;:r~r~:1 ,;., , ~1 · "; .• , ·. • -. , whom I exposed to 60 watts' output would in ·the -changes· of two associated meas-

' <~' }1 -·· • · • show the same absorption. There may be urements, .temperature and blood flow, 

·~: ;•,., .,_ ... :.' •.·.-t:·:·'t ;--~--: .. :·':;~:·· :-_·.· _, ·•· .. -•.,•., a be.tter relationship than. ..I .. know, but I both con side re· d at times to measure the 

,,·. ·:., '..{i~t: · :i;] ~.{':i,~,,r:.:,? · .. -~· • · r~~!~c~~~~tei~erson may absorb a:s much saTi/~noi~ti raise is as follows: If l 

r :;:,,. ,. f :;.~_.~1 .. ,• . .'.:_.:.·:_~ __ '_:,:.:':'._.,;·;-; .· .. ·.~--'.:_~--.~-.. _-· energy at an output of 60 watts as another understand correctly, the microwaves w.en 

~-,.. , ,, " _ . -one would, let .us say, at 80 watts. . directed toward the forearm. The tern--
'.· ,.•·· >-,_-.·.-.;_.~.;_'._r,..~::.· ; .hi/ .. {:: . T~;:w;;tpi~:en~~~nb;nDrUt';ste~~:k~; r~;:t~~e :hi~

5
hur~~e:t~etg~re.:a:d~i::1ct~:t 

_, ... _' • _ -~: ,._;.:} •. :,•-~ · _~:·. · • • • g;eat interest to those of· us· ·who have the forearm. The blood flow, however, if 
-~ .. _.,,.1 I.~\ .. _:'::,!/.,.:_'. _- - ·been working .with the use of heating en- I understood again correctly, is a summa-

. ' -/~,': St~ l/f ~ {j_-~ ~-: ·. • , · 1 
• ·e_rgies applied to the animal .organis1:1, par- tion of the effects which occurred within 

·, s ~ If v ··:: ,·,. ·· .. . , ·ttcularly the human body, m that 1t cor- the forearm and hand, because this is a 

' · · ·: ~.,. ~ .. '.i,-r. . r\l: '.·:.: · .- · : · · '/'. ·' - robotates again a fact which has been .ob- forearm plus hand plethysmograph. There-

'.···;,,,.' --•.~ 
1 

1
--";:i, . ;~·: ·_:··-.: ... served ~y ma.ny of us - namely, t~at :it fore,- the plethysmograph is measuring the 

···:··· .... :.L.:-.·.·,.~ .... •·_ .. ···.· .. _:.· _·_::.•
1
_1<,·~.:.._·: •. ·.-.--:;:·•·~•ii.•,,.~_::·.·...,l~': .. _:.. : ,tit -.~,- •e,, · · · -.· .- : ~ certain period ~he temp~rature rise. in blood flow contribution;. of an area which 

. • . . _. -. , ::;;-- .; _ ' .. .- . . : . : tissue~ after the in~roduct10n. of heating was subjected to the micro\vave energy, 

• ,.-,.• · · .,,. ' • . . • energies ceases. vVe have assumed that the forearm, plus an are2 which was not 

· ·, ' : ' ~·. ~- . ·-Pf\-~./;;::. · .. __ : ': !his ,va~ due to: increased i:emov~l of heat- subjected to the ·microwave energy, the 

· · ·· • .. -:, .. J~i. (.(1." -·· . : mg energy by mcreased c1rculat1on. hand. 
. 

· • ~ i ,:,l · · :: · -"'.• .. • Obviously, then,· there is no absolute Therefore, one wonders whether. the 

, .. J' ,._,_}'},.: '. • ;[;,. -~- .: · :•.. · Nrallelism between temperature and cir- temperature measurements and the blood 

· · ·, ,.,, \::,f·,~:.·· .. ' ' .culation. 
.. · flow measurements can really_ be com-

.' -7.,.~ . '." :-:ri:!, ' -!l ·: - '. ,., •, · I ,vas interested in observing the data pared, because, after all, there are meas-

n ' .. :·'. --:·..,,,,:·r-·~· '~::., (;·1r~.· .. :\ ... -'\,: ·p.resented this morning in that the father urements, in the one case, of the area 

. ·-.. . . s?¾':; : :It.ti· ~; :.: :/:; . ' >·. . ;; ··:· abrup~ change i.n tempe.ra!ure gradient. OC· which received the energy _:_' that is the 

· •. · · .,, .... ~it; , , "' , .. · .. , . . . . . .. curs m these mstances 111 about twenty , temperatu.re changes - and, in the othe~ 

.. ,,\:{):J;{ ,;.1;;.>·--~•.'"':; ,.'-. :' :· minutes .. With other forms of heating en- case, a,summated effect of the area which_ 

•• ,., .• "-·,·•1"~ \·'hi ... />,-.\· :., '~- ergy, includi_ng_the so-calle.d short wave received the energy and an area which 

1 '·!~'Ii-.;:-·;:- · ·., :-.-.··. _-•' current, '.1ppltcat10ns of radiant .ener~y - did not receive the energy, the blood flow. 

, ~1t1 ',.!,'i,, ·/ ·.· ·. :tn~ I tlunk the method of heatmg 1s an Dr. Louis B. Newman (Chicago): This 

i, ,i, "{'- · . . : mc1dental factor - we have observed a paper on the heating and circulatory ef-

i. •;1, .: ... :::·.: · .- , rather sharp alteration at periods of twelve fects of microwaves, was very interesting 

J ·•,{ij' .-" ·-.: ·; · ., :; .':,.minutes ·and fifteen minutes. and informative. However, there are se.v.-

~. ·~ ;._-,_:·.·:('.l-: ., .. --' .. There obviously is some sort .of a trig- era! questions that enter my mind. 

t c 6', ~; ·• _·,~: · ·. • ger mechanism, because the change is rela- Since the distance of the applicator from 

; • ;i ·;,;:.':<:~··.- · · .· _ tively abrupt, and I am ~vond~ring w~eth- the tissues, the position of the patient, the 

·. •tt ._.•,_,;,- .. · · · ·,. er that trigger mecha111sm 1s not 1nfiu- room temperature and the frequency of the 
- ·.:-.,J1; ; 1\tl ;\ ~.·:~0

:: .:;: .'._· ~ '. ~~~~i~gb{nt;;~iet~:i~~:: ;!~;~t~c~:1~ntab~ ~ii;~i';;te~~~. 'r~~k~:ind~~i~~n~v~::i~~~ :t: 
'"' ~ . ~r41 · · ·- · ·~·. · ., ~ sorbed in the tissue, and also the abrupt- benefici'al effects ,vould be enhanced if• the 

; :tl j:{i: :,·:· · 1 • ·:.,:, , .. ness of the rise. T.his is an. attempt. on distance of the applicator from the tissues 

I,~ . ,:" · , -, , .. ,, the part of natuz:e to· prot~ct t1ssl!e agamst w~'re increased and the treatment time 

·! I,,!/. ·-' ·: :o, ... • • :, · · • thermal destruction, Obviously, 1f the lo- prolonged. Also, wouid . these beneficial 

!. ;I} /• ;' •. :·, --~.·- • } . : . ·.calizecl tissue temperature con tin lied to effects· be further enhanced by exposing ·a 

· !',: : "' t;/. ~· ?: -' ": ',-- . ,: rise, it would reach a point where irre- greater volume of tissue to •_the effects of. 

1 l\'·· · '.J · -'.· .. · . versible alterations would occur. · - the ·microwaves? · 
· l fil•:,:_'.i{:•:·_ ·. ·_ _ Dr; Ernst Fischer (Richmond, Va.): If It was observed by the authors that the 

: ' :~· · ,-,, ,,· .. _,,' · ;·: ,: . I understood the _speaker correctly, he con~ temperature of the tissues dropped after 

· ~:Ji .. '::• ,. -,: •:,, > .. . dudes that the energy is absorbed :at a approximately twenty . minu.tes of treat-

\\,,'~ .. ·.,/:/~ ;{.·~:.-:-.: -s:reater i-ate by .muscle ti~S\I~ than b)'. oth:r ment, · while the blood flow increase:1. 

1 t~!l · •· ,· ·. ~- :, · ~ · tissues. That 1s a poss1b1lity, but ts tlw; Would the temperature of the tissues con-

' ., } . <Tj , ,~ .>::,\; _ _..-i\ -_:; · :•' coi:iclusi?n n.ot' a. little pr~~ture? · There ti.nue. to d°rop still further if the treatments 

, · ,, ·.fJi;:i' , ':•ii1 :i',,·\' ,.~,·:;;. " .. :.,, . · e~1sts_ tue theoret~cal_ poss1b1ltty th.at, espe- were given for longei than twenty min-

.· •.i/.~ · i...., · t-1 ·· ···.·· ', ._,.,.. ··,. ·c1ally at the beginr.111g of the microwave utes? · · .. _. . · . . 
. ~.

·.:.,·~ .• ,•.,:'.-:,,·:··;'.·,: .. ,;.~,.:~-;:,.:1;'.:~-~• ... • .. :_.·r:;.-i,'..-_~ ... ;li?,_.,.·!£• .. •,·,·._. , "• t .-•: ~·,: ~ ..... · . exposur•e, the increase in blood flow is re- Another question that . I should like to 

• .• ~• d",,, ·;:; .·,; ··;~;-__- i-':~'. ' 1 strictecl _to ... the superficial tissue. This ask is regarding the effects of microwaves 

Ht-, '·' .; :.';:; .; : : ··-.·would. produce a greater rate of heating on the temperature of the tissues, as Wl:,11 

. _ .... : •-.Jl ~. /l /t"' ·. , · _;·,.-.... of the li?'1b -l>y the .blood flow independent- as circulation when markedly traumatized ::. *l l\!lJ. :\'.·':!!ti" , /. .. , ,. , . ;,.,:, .. .c"'· r • V., , -· ·-·· , , . · · •;. ·:·:::, '\tiir~ Hi . . ~ · ~ ·· 
.. ; ~ ... -... ' ..,,,,.....~-----

. ' 
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' ~! • ,, ~. 
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_ .. ,. 
tissues are exposed to thc~e high fre-
quency waves: . 

Dr. Gersten ( clo5'ng): - I do not know 
whether I can answer all the questions; I 
will try: · · 

The statistical method which was used 
was the accepted one of determining th'! 
standard deviation, standard error and t 
value, and we accepted as significant any 
chanrre in which the p value was 0.02 or 
smalkr; 0.05 was accepted as borderline, 
and anything, above that was insignificant. 

We found that the normal preheating 
gradient was not changed by micro
waves. The preheating temperature was, 
on the. average, greatest in the muscle and 
least in the skin, and the final temperature 
nlso was greatest in the muscle. . This 
was frue for all durations· and both out-
puts. · • 

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. I 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 t)•pical of the autocatalytic re
action.· If heat is one stimulus for an in
crease in blood flow, the autocatalytic re
action would require the presenc~ of an
other factor which would enhance the re
action and, thus, cause an acceleration of 
the increase in ·blood flow. \Ve feel that 
this catalyst is represented by metabolites 
in the tis·sue. 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. 

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 
increase· in blood flow. Therefore, after. 

··.• .. 

+' .• ~ .,. • 

this twei1ty-minute period we can s~y •th;t• · · · · · ... ··• ·'· ;;, 

the relationship between · the_;. increase in .•. , .· - , ~ · •. ,. ~-

blood flow and the temperature is no long- • ·?;:.(-: • • ·~·. \: .•'•-'. 

~i if ~;lil~,:;~:I::: ~:::,::::,~:: ·:: ·: ,,. · . ·. 1
1:,_~.·.:~_:'. ... '..:_:····.;~.~.t.,_'. ..•.. 

ergy absqrption. \'fve did not want to, - . • 

mention the rate· of absorption of energy; '.i,~' 
the only thing we could say was that the -

quantity of energy absorbed was greater . · .•,.~.".:.:._•.J'.) ·'. 

in the muscle. The evidence for this lies ·· -
not only in the· greater· rise in· temperature·· ,1tr·'. 
of the muscle but also in the difference in·· , ... ' ··· 
specific' heats between muscle and subcu- · \'t",:''i; · .. : • 

~a:V1~~s /1:1~ii1 s~~~\fersus~~~~fi~ef1~!t ti:1~~~ ·~t~:'.'.\i ·· 
muscle ~ for muscle it is 0.8 and for sub- ' ; . ,t },h'"·~ .. i:• · 
cutaneous tissue abou: 0.5 - the amount .-. , ·, ' ·· '.,· ·~· + f,)i' · ·:"<r ~· 
'of energy absorption by muscle is greater· ,., · ·;,,-

1 
-:.} .. ~•·.·.: .... "·,

1'•~.··.• ... :· 

for an equivalent rise of temperature. Foi- ·. - · · · t:•: _..,. - -
the explanation of· this we feel that the ·• · • •· ~l\ · ~' ,< 
conductivity of muscle is an important fac. •, · · ... :• ,. · :'.:· .. :_: :" ,;;_;_~~ ~.\ / 
tor, for tissues of greater conductivitv ·-· · 1 }. ,, 1,•V'f-1r ., h~ ,.. ·'I, • 

;:i 1·£1![:'1!:~~i:7:":,:,:; ':';;':;: ,. ·= , Jh,· l l :if ,r,/ 
hadvethtakfen the flo,\v"ofh·two aretasd, thhe hahnd . _ .. • •.; . .. . . ~-. tl,,; ~ .: ... 
an e orearm. •v e ave tes e t e y- · : _ :·-.-' ;• _.\:.~\~~;; :,. ·· .. 

pothesis in other experiments, and we have ... · · \ .. ·-'.··.,._.,.J __ :~_,_.',; i •, • t; .... •·'J'·~', :,.::.., .... 

found. that the increase in flow in ·cubic· ·· · - · . ,. •if ' .. ' .. 
centimeters 1s approximately the same , __ /. '"," 1 ·;{;;){i? ~: 
when we take the £ow in the forearm ,·. •t:• ,<~. •-< 

alone or the combined flow of forearm ~:t· . · -l. · · • 
and hand. As far as the percentages are ... , ,· ·" ' "'•· "'-~ 

2~i~[:f t~i;J}~l~~~iK, :, :':I: f J ;t~~{f; 
\~~~~£,!?,·U:;:::~11t~::l~E~i;:~l .• , " " . : {~ i}>:;:, 
mately the same. · - . ·-... ., '. · . , ~- , 

Dr. Newman questioned what might oc- .. ,., ... , • _,,. fi~1·.: ··, 

cur with an increase -in the distance of • - ::: , ... , ·· 

application. \Ve are not quite certain. It :::.,; ., .... ~.~.·.{.·:::;:•~•~·· ... :~.· 
iS _possible that the decrease in energy out-,~ , --~:~<~ ·\ ~ -,, 
put, as with the 60 watt output, might be, _, · ': ;: ,~ tt ·· . ' .· 

;i~t:Sff :J!!\i/i~~,~~f te}~:f t;:;~tx~:. ~. : ,, . <•" }· :.·~.·.,...~ ...... '.~ ... :::,·.·.: •.. ~.:,:_:::•~•~.:.~ ... ~:,··: •.• 
7
_•.·~ ::. 

which were approximately the same as -: , ".' .. ;~ ,' · i· <· - .. 
with 80 watts ,but blood flow changes •: · • .. , a.! ..... ; :- • 

which were not as great. That may or may:. · . .' .. ·:: ·; ;.;''., t • ~~~ '.'.:;,:: ,: -;-
not have been the case had we mcreased ·,. · -. ;.• .. ··.· . J:-,,..., ·:. .'· 
I d. l I d d - ,,~ ,!• ' ,.,. 

~~t~pu/stance ~at 1er t 1~11 ecrease the .. . '.: ·, . (. f, tj, '~( •~ .. /:: 

~OJ~~t:!)~,t i~
1~i;:~ifi~::~r e;~:~;li~~~ti~· - /,:,. ,••.·•·tt• • ),r ... ~~.1:•~:·; .. • ... •· .... , ... :_'..:._ 

mcreases or decreases of blood flow great- , '. · .. ✓• __ _ 

erthan 14 per cent. ._, · .· .·~ :- ·, •),;,,-:. ·, · 

- "".' ·- - :::.1:: . if:''';<.,· 
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