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Introduction 

It has been uni,·ersally accepted that local heating of an extremity in
creases the hloocl flow to it. Recently, however, Kemp, Paul and Hines1 have 
reported that, although blond flow in the femoral artery of the dog is in
creased by. microwaye di,tthcrmy, heating with short wave diathermy left 
blood flow unchanged or actually_ decreased. If this work could be confirmed, 
it would necessitate a complete re\"ision of the present concepts of the phys
iologic effects of heating. To this end, the effects of microwave and short 
wave diathermy upon blood flow iri the femoral artery were studied in a 
series of normal rlogs and dngs with unilateral denervation of the hind ex
tremity. 

Methods 

The studies we're carried out upon pentobarbital-anesti1ctized dogs in. a 
room kept at 30 ± 1 C. The high room temperature was necessary to pre
yen_t loss of body heat and a rapid fall in flow in the femoral artery. 

The animals were placed on their backs in a troughlike clog board with 
the hind extremities partially extended and support.ed on approximately tht:' 
same le,·el as· the trunk. The feu1oral arteries were exposed bilaterally from 

. the ing-uinal ligament distally about 10 cm. The arteries were cannulated 
proximally and llistally as close to the inguinal ligament as possible an,! 
without severing the arteries in order to prevent retraction. The cannulas 
were attached on each side to "bubble flow meters" which, were slight modi
fications of the design of Leden and coworkers.2 Readings were taken bilat
erally and sirnllltaneously. To prc\"Cnt clotting 100 mg. of clicumarol was 
given orally twenty-four hours before operation and 100 mg. of heparin in
tra,·cnously at the time of operation. 

In additii:rn, an iron-cnnstantan thermocouple inserted into a 16 gaug-e 
hollow needle was placed into the gastrocncmius muscle to n1easure tem
perature before and after heating-. These readings were taken only to be 
certain that a fair degree of heating- had been produced; for, of course, tem
perature change depends not only on the energy absorbed but also on the 
rate of heat dissipation by the changing-. blood flow. 

• Frum thl• J)rparlllh·nl:-. of l'hy:-.iolo~y a1ul Phy~il:al ·Medidnc, Northwestern Uni\·crsity Mt·llical School. 
This work wa~ .ai1h·d hy :1 g.rant lfom Tiu· National Fu11111l:iti,,n. for Infantile Paral)·sis, lnc. • 

• Reali at the Twenly-Sixlh Annu:ll Scs!'-ion of the ,\mt'rican Coni,crrss o.f Phy:-.ic:11' Mcrlicim·, \\'ashinJ,C• 
ton, 11. C., St•pt. 1':, 19.tN. · 

1. 1'.t'm1•, C. P.: Paul, \\~. I'., atul Hines, II. )I.:, Arch. Ph~·s. ~h:d. 20:12, 1948, 
2. l..t.·dcn, V. M.; lh-rriL·k, J. F.; \Vakim, K. G., and '.:\ru~en, F. IL: llrit. J. 1-ilys. l\lti.l. l01:J7i, 

1947. 
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Microwa,·es (frequently of 2,450 megacycles) were applied by means of 

a "four inch director" placed 2 inches from the skin. Short wave (induction 

method) diathermy (frequency of 27.33 megacycles) was applied by means 

of a standard hinge-jawe,I drum adjusted In surround the leg. In both cases. 

after a one hour control peri0<l, heating was directed to the region of the 

gastrocnemius for twenty minutes. · 

The dogs with unilateral clenen·ation of the hind extremity had one of 

three following lesions: section of ventral nen·e roots from the fourth to the 

seventh· lumbar segment: se~tion nf dorsal and ventral roots from the fourth · 

to the seventh lumbar seg·ment, or ,;ection _of femoral, sciatic and obturator 

nerves peripherally. These· animals were studied twelve weeks after ·pro

<h1ction of the lesions .. It is well to point out the exact type of lesions \vith 

which we were dealing. There is good agreement 3 that i,1 a variety of animals 

the major sn11pathetic outflow to the hind extremities occurs between thir

teenth thor;tcic and the third lumbar seg,ment, and with an occasional con

trihution from the fourth lumbar mots. From the obsen·ations of Huddles- -

ton aml \.Vhite' all(! Frederick of this lahoratory; the major motor outflow 

to the muscles of the dog's leg occurs from the fourth to seventh lumbar 

roots. For these reasons, it is possible to produce ·a--complete motor. paralysis 

of these muscles with a minimum of interference with sympathetic supply. 

The·se lesions also resulte·d in a ronsideralJle paralysis of the thigh muscle~. 

Since all availalile· evidence" indicates that the sympathetic fibers to· an ex

tremity- are contained i,i its snmatic nerq:s, peripheral nerve section should 

1>roduce a total dener\'ation, Thus, the experimental animals represented 

three distinct types of lesif,n: (a) pure motor loss; (h) cnmhined motor and 

sensory loss, and (c) motor, sensory, and autonomic loss. · 

To compensate for distortion resulting from spontaneou~_fluctuations in·--. -_--·---

blood flow, flow changes were analyzed on the basis of the difference between · 

control and heated sides j11st before and at the end of heating. This is de-

. sig-nated ''adjusted flow increase." . Statistical sig11ificance was determined by 

the method of paired rompari~on. 

Results 

An exami11ation ,-,f tahie 1 and chart 1 re,·eals that there is a significant 

increase in hln()(I flow upon the applic;1tion of either for111 of heating- in nor

mal ani111als and animals with root lesion. Ikc-ause of the limited number 

of animals with root lesions, the results arc grouped for analysis and presen

tatioi1 acconling· to the type of heating. In all cases the response is essentially 

the same. 

In flealing with the peripheral nen·e lesion g-roup it hecame oh,1ious that' 

the response typiral of the other a11i111als coul<I not he obtai11c<I. Since there 

were not enough dng-s in the peripheral nerve lesion group to permit separate 

analysis of mirrm,·aye and ·short wa,·c · heating :ind since it was quite dear 

that the two mctho,ls nf heating were equally effertive in the other g-roups, 

fnr purposes of comparison the :111imals were arrange,! according to the type 

of lesion represcntc,I. These ,Jata asscml,le,l in table 2 and chart 2 ,lemon

strate that whi_le the response in the animals with root lesions is essential)~, 

:t. LnnKlr)', V. N.: l'hr•iol. 12::1-17, IS91. ~lwe-han, P., aml Marraui, A .. S,; J. Nl•11ro1ll1yfii(ll, 
1:GR, 1941. 

•. II udcllei.1011. n. l. .. :11111 \\'h,I<", C. S.: .\m. J. l'hysiol. 1311:172, U43. 

r!, Frc1ll'l'id,, .I. :,,: . : l r11p11hli . .J1t•1I oi,~en-ation~. 
r.. \Voollanl. II. H.: llt•art 1:1::no, 111:!li. J\lair. I'. ~I., and Uin,:hnm: J. Anal. 6:l:H2, tu:?~. Mor

ton, J. J., :.i,nd ~\'utt, \\', V.: J. (li11, ln,·c~tigation U;;:J:i1 u:a,, \rool1;\rd, J-f, H. 1 nnll, Phillip~: J. Anat. 
07:18, 1932. • · • 
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TADI.E I.---'-- The Eb'rc'I of Short I/la,·,· and Micron·"n Di,1tlta111y 11po11 ·Blood Flow. 

Mc:tn Blood Flow, cc. ~fin. 
Tt.:mperaturc of 
GaS1rocnemius Bdorc Heating After Heating 'C. 

~ 

" il" .. ';l .. ~"g i ·"" j ]-g j v.:: -e~ :~ g ::;~~ C ~- ·- .. ~ ·- .. .. C" •-d O 
~-;; ] ] -• '"°( .,, ~-- .g ...,.o.u ... ·:: -~ c. oc .. .. ~-= C ;; fio :g.~ •E '1.l'Z oe '":x: v,:,: ~]~E-' ~ o- ~-i C.·- C.. 0·2 g . ].E ~ d "" ~-~~~J ~- 11.lf--" (C > «: >.C ,_,. 

~,!: ~:t- ~-== 2:n~ !--'. HI: z..r, u !- -o: !-

Normal Short 10 51.5 . 5.?.9 42.7 60.6 16.5 6.8 2.43* 37.9 41.S 3.6 .76 8.6ft 
Wave 

Normal 'Micro- 10 44.8 47.0 42.2 59.0 14.6 5.3 2.75* 38.4 43.6 5.2 
0

.87 11.1 
wave 

Ventral Short 7, 33.4 31.S 28.1 36.7 10.5 3.55 2.96* 37.8 41.6 3.8 1.7 4.tt 
and wave 
dor~al-
ventral 
root 
section 

Ventral Micro- 9 29.6 29.2 21.0 39.9 19.5 3.43 S.69t 37.7 43.9 6.2 1.1 JO.St 
and wave 
dorsal-
ventral 
root 
section 

" Significanl on per cent Jev.d. 
t Sii;:nificant on per cent level. 

the same as in the normal dogs, significant inrrcases in flow could not be 
obtained in those apimals subjected to peripheral nen-e section. 

Comment 

These experiments dearly demonstrate that short wave and microwa\'e 
diathermy arc cqtlally cffecti,·e in pru(lucing- increased blood flow in the hind 
extremities of normal dogs. 
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TAHU: 2. - The Effect of Various Nerve Le.<io11s 11po11 the Vascular Rcspo11se to Hcoti11g. 

~(can Blood 'Flow, cc. '-tin. 
Temperature 0£ 
Ga~1rocnemius 

Refore Heating After Heating oc. .. . 
~ l" .. 1; .. ~-g g ~ 1 C 

..l t:.E j t:.: "02'°-cc: C:"' •°"5 C 

'o-;;, ~ .. . ~-;; ·- <~ ~ ~-S! -~ .. .. ~P-ui..·.: 
oc ~-;; e "• e ~~ ~c C C: eo·~f .9 

•E "'·.: oE c <ll:,: c <ll:,: ~~ ~-g.; 
--~ 

~·.: .f~ ~~ i~rt 11 

C:.·- o.• o·c J.e '"~ ~ ti u rot -· ~ 

;...: >-• 0 cl ~ 0 ;;.=.,.:~c 
.. ~.s zrnc 

1--< ,..:,:: Z< u -~ .. c:o:X: <:t .. 
Ventral Short 8 38.0 36.8 ·27.6 44.9 17.9 4.9 3.65• 37.1 42.2 5.1 2.5 5.43• 

root ·and 
·sec- Micro-
-tion ,vave 

Dorsal Short 8 24.6 23.6 20.6 32.2 13.8 3.1 4.52• 38.4 43.7 5.3 1.4 10.19* 

and and 
, 

ventral micro-
root wave 
section 

Periph- Short 9 41.8 33.1 38.5 34.7 5.0 4.7 1.06 3i.9 42.8 4.9 1.1 7.76• 

era! and 
nerve micro-
section wave 

•' Significant on 1 per cent level. 

On exa·mining the data of Kemp, l',iul and Hines,1 one notes that, when 

~nicroi•ave diathermy was successfully· applied, the initial flow. rates averaged 

62.5 cc. :per minute and increased with heating to an a,·erage of 101.7 cc. per· 

. minute. However, in their unsuccessful attempts to increase blood flow with 

short wave diathermy. the initial flow readings a,·eraged 104.3 cc. per minute, 

or about the same as. the a,·erage increase after microwave heating. Thus. 

it may be possible that the extremities of the dogs usett in the short wave 

diathermy experiments were initially in a state of vasodilation, which may 

haYc masked any Yascular response to heating. 

Although the root lesion anim;i'\s, whose symp;1thetic nerves were intact, 

rcspon<lc<l to heating in essentially the same manner as the normal dogs, the 

peripheral ncn·e lesion animals, whose sympathetic ti\ttflows had been inc 

tcrruptc<l, failc<l to show this rcsp•mse. 1t is well known that the sympathetic 

nen·es arc necessary for local ,·ascular real'tions of the extremities.7 Up to 

this time there has been no· eYidcncc reganl.ing their pi1ssible rnle in the re

actions to local hcatii1g. Our rcsi1lts strongly suggest that in the <log the 

sympa_thetic nen·es may lie essential for the typical reactions to local deep 

tissue heating. 

\Vilkins and Eichna~ reporte,I that in man a sympathectnmize<l forearm 

di<I not unllerg'o as great a flow increase as ·the normal forearm when heated 

with water. They may ha,·e been ohserdng the same phenomenon. · The 

rationale of heat applications in the trl'atment of cases of peripheral ncn·c 

lesion is open to question arnl shoul<l he rei1wcstigate<I. 

Conclusions 

I. Short wa,·c an,\· niirn,wa,·c ,liatherm,· arc equally effccti\'e m in

nl'asing l11ral 1,1011(\. now in tlw hillll exlrcmi1;- ui the normal dog. 

2. l.oss of m11tor nr sensory inncr\'ati"'n to the part ,l11cs not affect the 

essential nature of the ,·asl>11lar response tn heating. 

7. Al,r:un:-1111, P. 1.: . Va:-L'til!II" He1-11uu.,e., in the E:-.;trt."mitic.•:- uf ;\l:111 in Health and l)i~eas,·, Chic:1go, 

Uninr:-il)' or Chicago Pre~~. 19H, ,,. 91', , . 

8. \Vilki11:- 1 R. N., aml Eichna, L. \\,.,: Hull. John., Jto11kin~ H~1!-p. 6M:4:!r,, 1941, 

••'t#' ., 
'"',,;. ~--··" ·. •:r,/.~ ,,;'l-•-.:,~i' 
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3. E,·idenre i:- presented: ,-:11)!~'\!:-ting tl1at the integrity of the sym

pathetic n11tll11w in the dog i,- nece:;._-.a~· for the t.ypiol ,·ascular response t" 

Inca 1 heating. · 

4. There. is no eYidencc that any known method of heating possesses 

properties which haye any speci:frc effect on. blood flow. 

Discussion of Papers by Siems. et al., and Worden, et al. 

Dr. Harry M. Hines (Iowa. City): Os
borne and Holmquest haYe. pointed out 
that the el'fectiveness of diathemry for 
producing tissue temperature el'e\:ation ,-,in 
depend upon (I) the efficiency of the cir
culating h!ood in dissipating the heat gener
ated; (2) the thermal. conductivity of the• 
contiguous tissues; ~3,} the thermal capac
ity of the tissues ahsorl)ing the energy, and 
(4) the rate at which energy is being _ab
sorbed. lt seems to me that a fifth factor 
must he consiclerecl-namcly, the effect ori· the 
local hyperthermia upon the metal',@lism 
an•.! consequent heat producti·on: in t.be 
treated tissue itself. The augmented heat 
production would resi,lt from the hyper
thermia p·roduced hy diathermy hut ":ould 
inYolve a different .mechanism. For exam
ple, a rise of body temperature of 9.4 <lc
i.:rces (F.) has been found to increase the 
heat production of the body hy 65 per cent. 
Probably a n1uch higher per cent increase 

would be founcl for such tissue as. muscle. 
Comparable increases iii the limb. tissue 
temperature of dog-s ran he produced hy 
~hort wave <liathcnnv and bv n1icrowavcs. 

· The tissue temperature in.creases. when 
111easurcd at cutaneous. subcutaneous, 1.5 
cm. and 3 cm. levels show a tcniperature 

· rise gradient which decays from witnont 
inward. The temperature decline follow
ing irradiation i~ si1nilar in these two fr~
q11~nccs of elcctroina~netic waves. 

M v collcai.:ues and l have been able to 
1:onfirm the findings as to the effects of 
isd1emia upon tissue temperature increases. 
ln :11ldition, l wish to point out that the 
Jlui,ls in avascular or rcl'at.i,·ely :n·ascular 
areas present vu\ncrahle target areas for 
nverheating- effects during irna,lialion 
tr,•atmcnts with 1nirrowaves. \Ve ba"e 
foun<I that a single treatment for ten min- . 
,ites at a director distance of 5 cm. with :. 

. power output of 100 watts raise, the cor-
n1•al temperature of r:1bhits to 46· C. {Yit
r01is humor temperature = +49 C.). In 
m:rny animals a[ter a single treatment or 
this type lenticular opacities or cataracts 
,lcvelop within six to twenty-four dayi<. 
This ohservation would have been missed 
in acute c,xpcri1nents. 

I wish to make a few comments con
cernini.: the effect of diathermy upon blood 
Jlow. 1t is well recognized that heat usu
alliv causes vasodilation in cutaneous ancl 
ntl;<:r .superficial tissues, hut there is a 
11aucity of infr,_rtnation concerning- the ef

fect of heat npon the hlood Jlow througl, 
,leepcr .tissn,·s, sud1 as skeletal muscle. 

Siems, Kosman :111,t, Osborne have con• 
firmed our tin!ling-s as to tlie effects of 
heating with microwaves upon blood fiow 
in the· hind limbs of anesthetized dogs. In 

both laboratories diathermy treatments 
failed to increase the blood· flpw throu"gh 
dener\"ated limbs. I agree with the con
clusion, "The ration:,le of heat applications 
in the treatment of cases of peripheral 
nen·e lesion is open to question and should 
be reinvestigated." 

Siems, Kosman and Osborne found an 
increase at the S per cent le,·el in the bloo,l. 
fiow of the. hindlimbs of anesthetized dogs 
treated with short wave diathermy. In our 
laboratory the average values for blood 
How during short wave diathermy showed 
a decrease. In our series of dogs treated 
with short wave diathermy the final tem
perature of the gastrocfremius averageJ 
103.6 F.; in Siems, Kosman and Osborne's 
experiments the final temperature average,! 
106.7 F. ,- i. e., over 3 degrees higher. Our 
final nmscl'e temperatures with microwave 
treatment averaged 108.3 · C.; theirs aver
agecl 110.5 F. Mr. Siems has called your 
attention to the apparent differences in the 
initial levels of blood flow prior to treat
ment in the experiments in the two labora
tories. I bclic,·e that equal temperature 
changes produced by treatment with either 
short wave or micrO\vave diathermy will be 
:,~companied · with comparable vascular 
changes. 

Finally, I wish to point out that the 
changes in blood flow as reported, whether 
a ch-crease or an increase, arc of a low or-
1ler. One 11111st consider that a part of the 
d,angc in blood Jlow is tluc to cutaneous 
,lilatation. lf one could correct his oh-• 
sen·e,I ,·alues for cutaneous How changes, 
what woulcl be his conclusions as to the 
effect of diathermy treatments pn the blood 
flow through muscle? The changes in 
'"·er-alt! blood flow during diathermy are· 
of a low· orcler and ,to not compare in 
111agnitude with those resulting from slight 
:,c.ti\"ity or exercise and from the use ·of 
1>criphcral dilator drugs. I am not con
\"inccd from the C\"idcncc at hand that the 
alle)ietl beneficial effects of diathermv 
treatments arc related .to d1anges in the 
blood flow through deep tissues. However, 
it 11111st he admitted that this form of 
treatment might be much more effective 
in cases -of blood. vessel spasm or marked 
constriction than in cases of normal ves
sek The experiments which have. been 
discussed :;houl-d be repeated, if possible, 
upon unanesthctized animals and by meth• 
ocls which permit the measurement or the 
htoo,t llow throng-It the deep tissues onlv. 

Dr. William Bierman (New York'): ·1 
· shou 1<I l·ikc to ask a question on a topic 
which Dr. Hines touched on in the very 
last sentence or two, a.s to the"' effect of the 
anesthesia itself when used in these exper-
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imental animals upon the status 
_sympathetic nerves and·, therefore, 
blood flow? 

of the cfTerH,f the pent,obarbital, or at least· keep 
on the it at a minimum,. since apparently its d

Has anybody demonstrated that the sym
pathetic nerves c<introl blood flow in the 
muscles of dogs? We have not found it 
to be so in the muscles of human beings. 
That finding, which we reported a 
gomllv number of years ago, was support
ed by the work of Pickering in Sir Thomas 
Lewis' laboratory, indicating that the sym
pathetic nerves do not control the bloo,I 
flow in muscles. · 

I should like to ask a third question of 
Dr. Worden. Docs he think that the. phe
nomenon he dcscrihcd of a gradual in
crease 111 temperatures for an initial period 
of twenty minutes, followed by a decline. 
is at all characteristic of this particular 
method of heating? My colleagues and J 
have ohscnrt:(l as a universal occurrence in 
all riwthocls of heating that there is a grad
ual increase to a maximum level (and in 
our own obstrvations that level has-been 
reached usually in between twelve and fif
teen minutes) and then there is a decline 
to a plateau.· 

. It would be interesting for some experi
mental workus t<, determine just what ac
counts for what we have referred to as a 
sort of "second wind" of the circulator,· 
svstem, which seems to he able to handle 
ti,at increased thermal energy. · 

Mr. Siems. (dosing): I should like first 
to answer Dr. Hicrman's question regard
ing anesthesia. l'cntoharhital anesthesia 
will certainly greatl'y .increase peripheral 
blood n,,w, perhaps ·as much as two or 
three ti111e·s its control level. However. 
this efTect wears ofT in ten or fifteen min
utes. h was will, this fact in mind thal 
w·e decided upon a one hour control· pcrirnl 
before institutin~ any heatin~. hoping hv 
this- means to eliminate any vasodilatory 

fer1 was in the initial stages of the ane<
the~ia. 

1 have no wish to enter into a "cat and 
dn!,!' fight" with Dr. Hines 011 just why 
our results differ, .or what are the possible 
reasons. The reason for presenting this 
paper here was simply to demonstrate that 
IJ(·at is heat. In other words, it makes no 
,litforence whether it he diathermy, short. 
w;tve diathenny or n1icrowave diather1ny, 
the efTect is essentially the same and the, 
:,µparcntly limiting factor or positive fac
tor is the amount of heat obtained. 

I quite agree. with Dr. Hines that we do 
110I know where this increased blood flow 
is occurring, aml, as taken up in our labor
atory, we could conceive of no way of find
ing out. 

I>r~ Worden (closing): When tissues 
are l1eated locally by any method; the cir
culation would be expected to increase as 
the temperature increases. After a period 
of tiime the circulation may be~ome so ef
ficient that it carries off more heat from 
the tissu .. s than is being put into the tis
sues . 

\Vhen the method of heating is micro
wave diathermy, it has been shown by 
Lcden and coworkers that during a twenty 
minute 1>criod of irradiation the circulation 
gr:ulually increases an,! in som~ cases the 
peak is reached two or three mmutcs after 
the microwaves have been turned off.• 

\Vhen comparing the efTect of micro
waves atul, for exan1p1e, infra-red rays on 
the circulation, one might expect with 
111icro'-vavC diathenny an increase in circu
latioa of tl1e deeper tissues relatively soon, 
hccaase of 1-:ood penetration and absorp
tion. Infra-red radiation heats superficial
ly, an<! the dccJi. tissues receive heat sec
ondarily l,y. conduction; thus the increas~ 
in circulation of the deeper tissues might 
he comparatively slower. 
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