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Introduction

It has been universally accepted that local heating of an- extremity in-
creases the blood flow to it. Recently, however, Kemp, Paul and Hines! have -
reported that, although blood flow in the femoral artery of the dog is in-
creased by. microwave diathermy, heating with short wave diathermy left
blood flow unchanged or actually decreased. If this work could be confirmed,
it would necessitate a complete revision 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 in the femoral artery were studied in a -
series of normal dogs and dogs with unilateral denerv ation of the hind ex-
tremity. .

Methods

The studies were carried out upon pentobarbital-anesthetized dogs in a
Toom kept at 30 == 1 C. The high room temperature was necessary to pre-
vent loss of body heat and a rapid fall in flow in the femoral artery.

The animals were placed on their backs in a troughlike dog board with
the hind extremities partially extended and supported on npprommatclv the
same level as the trunk. The femoral arteries were exposed bilaterally from
_the inguinal ligament distally about 10 ecm. - The arteries were cannulated
proximally and distally as close to the inguinal ligament as possible and
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? Readings were taken bilat-
erally and simultaneously. “To prevent clouing 100 mg. of dicumarol was
given orally twenty-four hours before operation and 100 mg. of heparin in-
trav cnoukl\ at the time of operation.

In addition, an iron-constantan thermocouple inserted into a 16 gauge
hollow ncedle was placed into the gastrocnemius muscle to measure tem-
perature hefore 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 dq)unls not only on the energy absorbed but alsn on the
rate of heat dissipation by the changing. blood flow. '

* From the Depantments of Physiology and Physical Medicine, Northwestern University Medigal School.

This work was aided by a grant from The National Fonndation. for Infantile Paralysis, lne, SN
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: Microwaves (frequently of 2,450 megacy cles) were appllcd bv 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-jawed drum adjusted to surround the leg. In both cases.
- after a one hour control period, heating was directed to the reglon of the
gastrocnemius for twenty minutes.

JERTY

The dogs with unilateral denervation of the hind cxtremlty had one of
three following lesions: section of ventral nerve roots from-the fourth to the
seventl lumbar segment ; section of dorsal and ventral roots from the fourth
) to thé seventh lumbar segment, or section of femoral, sciatic and obturator
: ., nerves peripherally. These animals were studied twelve weeks after pro- :
: - duction of the lesions. It is well to point out the exact type of lesions with

| ’ which we were dmlmg There is good agreement® that in a variety of animals

: the major sympathetic outflow to the hind extremities occurs between thir-
BN teenth thoracic and the third lumbar segment, and with an occasional con-

i tribution from the fourth lumbar roots. From the observations of Huddles- -
ton and White* and Frederick of this lahoratory,® the major motor outflow
to the muscles of the dog’s ley occurs from the fourth to seventh lumbar,
roots. For these reasons, it is possible to pmduce a complete motor paralysis
of these muscles with a minimum of interference with sympathetic supply.
These lesions also resulted in a considerable paralysis of the thigh muscles.
Since all available evidence® indicates that the sympathetic fibers to an ex-
tremity are contained in its somatic nerves , peripheral nerve section should
produce a total denervation. Thus, the cxpenmcnt.ll animals represcnted
three distinet types of lesion: (a) pure motor loss; (b) combined motor and
sensory lms, and (¢) motor, sensory, and 'mtonomlc loss.
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To cnnn)enqnlc for distortion resulting from spontancous. fluctuations in’

; blood flow, flow changes were analyzed on the basis of the differénce between

' h . _control and heated sides just .)cforc and at the end of heating. This is de-
%)

signated “adjusted flow increase.” Statistical significance was determined by -
the method of paired comparison. - - . o

Resplts

An examination of table 1 and chart 1 reveals that there is a signiﬁcmt
- increase in blood flow upon the application of either form of heating in nor-
mal animals and animals with root lesion. DBecause of the limited number
of animals with root lesions, the results are grouped for analysis and presen-
tation according 1o the type of hc.llmg In all cases the response is essentially
. the same.

In dmlm;, with the pcnph ral nerve lesion group it became obvious -that'
the response tvpical of the-other animals could not be obtained. Since there
were not enough dogs in the peripheral nerve lesion group to permit separate

: - analysis of microwave and short wave heating and since it was quite clear
that the two methods of heating were equally effective in the other groups,
for purposes of comparison the animals were arranged according to the type
e - of Tesion represented. These data assembled in table 2 and chart 2 demon-

ty strate th.lt while the response in the amm.ll\ with root lesions is essentially
e
i - A :
- 3. Langley, V. N.i Phy-iol 12:347, 1891, Sheehan, P, and Marrazzi, A. S0 J. Neurophysiol,
, . 4:68, 1941, } . ) .
) 4. Huddleston, O, L, and Winte, O 8.0 Am. J. Physiol. 138:772, 1943, ) .
L 6, Frederick, ). N.i Unpublished observations.

6. Woollard, H. M.t Heart 13:389, 1826, Blair, 1. M., and Bingham: J. Anat, 63:162, 1928, Mor-
g;n. 1. J.. and Scott, W, V.o J. Clin, Investigation 9:233, 1330, Woollard, H, H,, and Phillips: J. Anat,
18, 1932, . - L. )
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Tame 1. = The Effect of Short Wave and Microware Diathermy u[iou‘ ‘Blood Flow.

Tcmpc.ralure of
\Ic'm Blood Flow, cc. Min. . Gastrocnemius
Before Hcatmg After Heating °C. |

Y
- ¥ Tx w Fw  ,E E.;,'g :
4 35 3 §E eft.e g5 ug
%3 . %E 30§ FE 03 33 MRS o x w SESEE
SR CI B S S H RN I | T )
£ FE 2% S 3B 8 XE OZEEZR C 32 Sk spE sk O

Normal Short 10 51.5 -329 427 606 165 68 243* 379 415 36 .76 861+
' ) wave | ’ o )

Normal Micro- 10 448 47.0 422 590 146 53. 275¢ 384 436 52 87 111

wave o ’ . .

Ventral  Short 7 334 315 281 367 105 3.55296¢ 378 416 38 1.7 4.1}
and wave 0 ’
dorsal- : K
ventral . -
root T . : R ‘.

- section o . ’ - '

Ventral Micro- 9 206 202 21.0° 39.9 19.5 343 569t 37.7 439 62 11 10.5%
and wave | - ' : . S o . o
dorsal- - ' ) : R N . .
ventral - X ) ) i ' : -
root Co
section

* Significant on 5 per cent Jevel.
t Significant on 1 per cent level.

the same as in the normal dogs, significant mL!‘C«l’iCs in ﬂow could not bc
R - obtained in thosc amm.lls subjected to peripheral nerve sculon

Comment

.

lhcse experiments clcarlv (lcmonitratc that shurt wave and microwave
- diathermy are equally effective in producing mcrc‘lscd blood flow in thc Kind
extremities of normal dogs. .

o
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Chart 1. -~ Blood flow i normal dogs and dogs with  Chart 2.« Blood flow in dogs with ventral root Y
soot lesions upon application of short wave and micro-  lesion, ventead and dorsal oot esioh and peripheral N
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TasLE 2. — The Effect of Various Nerve Lesions wpon the Vascular Response to ‘Heating.
. f :
naa . - Temperature of
i Mean Blood Flow, ec. Min. Gastrocnemius
i", Refore Heating After Heating °C. .
RE; 4
-4 %0 < " < = 9.8
1 ¥ Yy oY g LBR.. . §5iog
i 55 e = % ¥F 5. 3§ <k#E2 o L@ E HevEE g
Tt GE °€ 3§ £ @ & wx £BDEEE 8 g yE EO.EE OB
o &3 g % F W= ¢ W BEpEr 2 3@ 2 GgER 4
=< o g5 8§ X8 8 & Zifae w gz <@ REInR &
;
3 Ventral Short 8 38.0 368 27.6 449 179 49 3.65¢ 371 422 51 25 5.43*
4 root and :
T 'sec-  Micro-
T *-tion wave ) . } .
o 4 B .
ke Dorsal Short 8 246 236 206 322 138 3.1 .452% 384 437 53 14 10.19* }
e and and * . . o .
3 ventral micro- .
So - o S :
B root wave = . - ’ : ’
i 3. section . ’ .
il . : . : .o
. Periph- Short 9 418 331 385 347 50 47 106 379 428 49 1.1 7.76* .
8 eral and . ] ; e
. ? i-' nerve micro- . . . . ) : .
:2 section ‘wave - ’ . - .
-‘:3 *Significant on 1 per cent level. . ) 7 L . i .
Sk . . - . . X ' .
'i! On examining the data of Kemp, »aul and Hines,! one notes that, when - )
,!;i microwave diathermy was successfully applied, the initial flow. rates averaged .
: 1;5 62.5 cc. per minute and increased with heating to an average of 101.7 cc. per’
FRE: . . . . .
1% _minute. However, in their unsuccessful attempts to mcrease blood flow with
i short wave diathermy, the initial flow readings averaged 104.3 cc. per minute,
Yo . . «
i or about the same as the average increase after microwave heating. Thus.
y 1 it may be possible that the extremities of the dogs used in the short wave
Jg?t diathermy experiments were initially in a state of vasodilation, which may
Res have masked any vascular response to heating. » :
RS . . P . .
H 4?. . Although the root lesion animals, whose svmpathetic nerves were intact,
] ) . . . 3 °
‘,‘,;&'}‘ ) responded to heating in essentinlly the same manner as the normal dogs, the -
I . peripheral nerve lesion animals, whose sympathetic vutflows had been in-
o : terrupted, failed to show this response. 1t is well known that the sympathetic’
.“ nerves are necessary for local vascular reactions of the extremities] Up to.
e this time there has been no-evidence regarding their possible role in the re-
i actions to local heating,  Our results strongly suggest that in the dog the
W sympathetic nerves may he essential for the typical reactions to local “deep
- tissue heating. :
, 35 Wilkins and Lichna® reported that in man a sympathectomized forearm
. ;} did not undergo as great a flow increase as the normal forearm when heated
1 . . “ . .
o with water. They may have been observing the same phenomenon. The
ﬁ%‘ rationale of heat applications in the treatment of cases of peripheral nerve
’uzg.‘ lesion is open {0 question and should be reinvestigated. ' :
gl ' L ~
R Conclusions
o _
\'?{{‘ 1. Short wave and microwave diathermy are cqually effective inin-
s . . . N . .
i, creasing local Dlood flow in the hind extremity of the normal dog.
H . . R . . -
i 2. Toss of motor or sensory innervation to the part does not alfect the
{ essential nature of the vaseular response to heating.
v‘;‘: \ . '
‘; X ' 7. Abramson, I 1 Vascular Responses in the Extremities of Man in Health and Disease, Chicago,
CoA University of Chicago Pre 1944, p. 98, , i )
‘) i 8. Wilkins, R. N., and Eichna, L. W.: DBull. Johns Hopkins l‘l(_:sp. GR:420, 1943,
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DISCUSSION — SIEMS, EF AL, AND IWORDEN, ET AL.

3. Evidence is presented swggresting  that the integrity of the sym- .
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pathetic outflow in the dog is necessary for the typical vascular response te

local heating.

4. There. is no evidence that any known method of heating possesses
properties which have any specific effect on blood flow.

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

Dr. Harry M. Hines (lowa City): Os-
borne and Holmquest have pointed out
that the effectiveness of diathermy for
producing tissue temperature elevation wilk
depend upon (1) the efficiency of the cir-
culating blood in dissipating the heat gener-

ated; (2) the thermal conductivity of the .
contiguous tissues; {(3) the thermal capac-

ity of the tissues absorbing the energy, and
(4) the rate at which energy is being ab-
sorbed. It seems to me that a fifth factor
must be considered—namely, the effect of the
local hyperthermia upon the metaboltsm
and consequent heat production in the
treated tissue itself. The augmented heat
production would result from the hyper-
thermia produced by diathermy but would
involve a different mechanism. For exam-
- ple, a rise of hody temperature of 9.4 de-
wrees (F.) has been found to increase the
heat production of the body by 65 per cent.
Probably a much higher per cent increase
would be found for such tissue as. muscle.
Comparable increases in the limb tissue
temperature of dogs can be produced by
<hort wave diathermy and by microwaves.
“The tissue temperature increases when
measured at cutaneous, subcutaneous, 5
em. and 3 e¢m. levels show a temperature
“rise gradient which decays from withont
inward. The temperature decline follow-
ing irradiation is similar in these two fre-
quences of electromagnetic waves.

My colleagues and T have been able to
confirm the findings as to the effects of
ischemia upon tissue temperature increases.
In addition, 1 wish to point out that the
fluids in avascular or. relatively avascular
arcas present vulnerable target areas for
averheating  effects  during  irradiation
ireatments  with microwaves. We have

found that a single treatment for ten min-

wtes at a director distance of 5 em. with a
_power output of 100 watts rases the cor-

neal temperature of rabbits 10 46 C. {vit- -

rons humor temperature = -+49 C). In
many animals after a single treatment of
this type lenticular opacities or cataracts
develop within six to twenty-four days.
This observation would have been missed
in acute experiments.

1 wish to make a few comments con-
cerning the cffect of diathérmy upon blood
flow. 1t is well recognized that heat usu-
ally causes vasodilation in cutancous and
other superficial tissues, but there is a
paucity of information concerning the ef-
fect of heat upon the blood flow through
deeper tissues, such as skcletal muscle.

Siems, Kosman and,Osborne have con-
firmed our findings as to the effects of
heating with microwaves upon blood flow
in the hindlimbs of anesthetized dogs. In

g g
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both laboratories diathermy {treatments
failed to increase the blood flow through
denervated limbs. I agree with the con-
clusion, “The rationale of heat applications
in the treatment of cases of peripheral
nerve lesion is open to question and should
be reinvestigated.”

Siems, Kosman and Osborne found an
increase at the 5 per cent level in the blood .
flow of the hindlimbs of anesthetized dogs
treated with short wave diathermy. In our
laboratory the average values for blood

_ flow during short wave diathermy showed

a decrease. In our series of dogs treated
with short wave diathermy the final tem-
perature of the gastrocmemius averaged
1036 F.: in Siems, Kosman and Osborne’s
experiments the final temperature averaged
106.7 F. — i. e., over 3 degrees higher. Our
final muscle temperatures with microwave
treatment averaged 108.3- C.; theirs aver-
aged 1105 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. 1 belicve that equal temperature
changes produced by treatment with either
short wave or microwave diathermy will be
sccompanied - with  comparable vascular
changes. .

Finally, 1 wish to point out that the
changes in blood flow as reported, whether
a decrease or an increase, are of a low or-
der. One must consider that a part of the
change in blood flow is due to cutancous
dilatation. 1f one could correct his ob-
served values for cutancous flow changes,
what would be his conclusions as to the
cffect of diathermy treatments on the blood
flow through muscle? The changes in -
over-all blood flow during diathermy are-
of a low order and do not compare in
magnitude with those resulting from slight
activity or cxercise and from the use of
peripheral dilator drugs. I am not con-
vinced from the evidence at hand that the
alleged beneficial effects of diathermy
treatments are related to changes in the
blood flow through decp tissues. However,
it must be admitted that this form of
treatment might be much more cffective
in cases -of blood vessel spasm or marked
constriction than in cases of normal ves- .
sels. The experiments which have been
discussed should be repeated, if possible,
upon unanesthetized animals and by meth-
ads which permit the measurement of the
blood flow through the deep tissues only.

Dr. William Bierman (New York): 1

‘should Kke to ask a question on a topic

which Dr. Hines touched on in the very
last sentence or two, as to the effect of the
anesthesia itself when used in these exper-
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imental animals upon the status of theeffect-of the pentobarbital, or at least keep
v sympathetic nerves and, therefore, on the it at a minimum,. since apparently its ef-
o blood flow? . fect_was in the initial stages of the anes-
N Has anybody demonstrated that the sym- thesia, X . -
s pathetic nerves control blood flow in the 1 have no wish to enter into a “cat and
. muscles of dogs? We have not found it  dog fight” with Dr. Hines on just why
1 ‘to be so in the muscles of human beings. our results ‘(hﬁ'cr, or what are the _posmb!e
- That finding, which we reported a  feasons. The reason for presenting this .
: goodly number of years ago, was support-  PADET here was simply to demonstrate that
. ed by the work of Pickering in Sir Thomas ~ heat is heat. In other words, it makes no
: Lewis’ laboratory, indicating that the sym- difference whether it be diathermy, short,
: pathetic nerves do not control the blood  wave diathermy or microwave diathermy,
"y flow in muscles. : : the effect is essentially the same and the
: I should like to ask a third question of apparently limiting factor or positive fac-
¥ Dr. Worden. Does he think that the phe- tor is the amount of heat obtained.
nomenon he described of a gradual in- 1 quit€ agree, witli Dr. Hines that we do
Vi crease in temperatures for an initial period . not know where this increased blood flow
o of twenty minutes, followed by a decline is ocenrring, and, as taken up in our labor-
Log ‘ 5 1o ) chine, g ive : R
Ll is at all’ characteristic of this particular i\r:(’;rz{“\\e could conceive of no way of find
N method of heating? My colleagues and 1 N o . :
7 have observed as a universal occurrence in D;" Wgrldcn“(clssvmg). “;hcd“_ L‘SS“.CS
. all methods of heating that there is a grad- . a"i heate 0;:(:11 ﬁ' y any '?Ct hod; Lhe cir-
O nal increase to a maximum level (and in  SUlation wowic be expected to increase as -,
1% our own observations that level has-been the temperature InCreascs. After a period
it reached usually in between twelve and fif- of time the circulation may become so ef-
3 teen minutes) and then there is a decline ficient that it carrics off more heat from
R ’i 10 a plateau.’ ) ) l}i‘ll(ésussues than is being put into the tis-
T ; ; p . Rugs L.
i .1t would be intcresting for some cxperi- When the mcthod of heating is micro-
ek mcnla} workers to determine just what ac-  wave diathermy, it has been shown by
vy counts for what we have referred t0 as a2 Leden and coworkers that during a twenty
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sort of “second wind” of the circulatory
system, which scems to be able to handle
that increased thermal energy. :

Mr. Siems (closing): 1 should like first
to answer Dr. Rierman's question regard-
ing ancsthesia.  Pentobarbital anesthesia
will certainly greatly increase . peripheral
blood flow, perhaps ‘as much as two or
_three times its control level. However,
this effect wears off in ten or fiftcen min-
utes. Tt was with this fact in mind that
we decided upon a one hour control period
hefore instituting any heating, hoping by
this means 10 climinate any vasodilatory

minute period of irradiation the circulation
rradually increases and in some cases the
peak is reached two or three minutes after
the microwaves have been turned off. . )

When comparing the effect of micro-
waves and, for example, infra-red rays on
the circulation, one might expect with
microwave diathermy an increase in circu-
lation of the deeper tissues relatively soon,
because of good penctration and absorp-
vion. Infra-red radiation heats superficial-
1y, and the deep tissues receive heat sec-
ondarily by. conduction; thus the increase
in circulation of the decper tissues might

 he comparatively slower. .
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