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. Diathermy of waveleng.-ths between 1 and 300 meters has been applied 
by the physical therapist since shortly after the first World War. In the 
applkation of diathermy, the technician has been cautioned to remoye from 
the patient all surface metals which might be within the field of radiations. 
It was believed that the metals might ci1use a concentration of the field, thus 
producing burns.1 Little work was done until recently to confirm this dan-
ger. In 1947 Lion~ reported the field-concentrating effect of tantalum when 
immersed in electrolytes and irradiated with frequencies of 10 to 55 mega-
cycles. · He also demonstrated that it is possible to coagulate solutions of 
egg albumin at the ,r,oints of field concentration. Etter, Pudenz and Gersh3

• 

implanted metals such as are used in surgery in animals and then' exposed 
them to radiations of'waye\engths of 8 to 24 meters. They concluded from · 
histologic studies that, in the intact animal, destruction from heating did no·t 
occur in the ti~sues c-ontiguons to the implanted metals. However, Lion 
pointed out that the depths at which the metals· were implanted in these 
experimenls may have been too great to permit a temperature increase suf
ficient to cause burning. ,, "' 
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The recent approval by the council on Physical Medicine of the American 
Medical Association4 of a microwave machine generating radiations of a 'fre~ 't •. 
quency, of 2,450 megacycles (12.25 cm. wavelength) .1ffers another, field of 
diathermy to be investigated. Some reports have been published on~ the l;>io- f 

logic effects of microwaves.5 None of these has made any reference, to the ' 
effect of irradiation on tissue containing implanfed metals. The 'following
studies were conducted to determine whether any difference exists betwee11··. 
the heating pattern produced by irradiation with microwaves in tissues corf· ~ -,,,' .. 
taining implanted metals and that in tissues with no implants. .1 

Experimental Studies 

In Vitr~ Studies. - Experiments were carried out on blocks of fresh 'beef live~ .to d~
termine whether the presence of metal implants would alter the heating pattern result-'-·' 
ing from irradiation with microwaves. The liver blocks were placed· in ·boxes con
structec! from Plexiglas in order to provide uniformity in size and depth .. The boxes 
were of the dimensions of 8 by 8 by 4 cm. and were made from material ¼ inch thick. \ 
Holes were drilled in a horizontal line every 0.5 cm. in a side of the container, 4 cm. ,___ ; 

• From the Department of Physiology, State University of Iowa. 
1. Krusen, F. H.: Physical Medicine, Philadelphia, \V. B. Saunders Company, 1941, · p. 427. 
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Arch. Phys. Med. 28:345 (June) 1947. 
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from the top, to permit the insertion of thermocouple needles. Vertical slits were made 
at fixed distances from the front of the box so that a metal plate could be implanted 
after the liver had- been arranged in place. Various-sized plat.es made from stainless 
steel were employed as metal implants. 

All temperature measurements were made by ilisertion of an iron-constantan ther
mocouple needle of the type described by Tuttle and Janney.6 The thermocouple po
tentials were measured to the nearest 0.1 degree centigrade _on a Leeds-Northrup po-
tentiometer. '-- -

The generator used in ail the experiments produced a continuous microwave of 
12.25 cm. wavelength, or 2,450 megacycles. Its maximum output was 125 w,atts. By 
the use of a variac, any desired percentage of the maximum output could be obtained. 
The wave guide used was the corner type reflector, which was placed at a distance of 
3 cm. from the surface to be irradiated. The irradiation: tim'e for the in vitro experi
ments was ten minutes, and the power outplllt was 80 petj cent of the maximum, or 100 
watts. Temperature measurements were made at the surface of the liver, at designated 
depths and in frnnt and behind the metal implant immediately before and .after ten 
minutes of irradiation. Control experiments were made on a bloc1' of the same liver sub
jected to the same pattern of irradiation but without metal implants. 

The first series of experiments with liver was designed to determine whether the 
size of the implanted metal plate would affect the temperature increase resulting from 
the irradiation. It had' been suggested that greater heating would result if the plates 
were equal in diameter to either one or one-half times the wavelength in the liver. 

The wavelength in liver was determined as follows: 

wavelength in air 
Wavelength -in Ii vc r = -::::::::::::::::::::::::::::::::::::::::::-=.-

\/_dielectric constant of liver 

12.25 

\/78 
=1.39 

Two round plates· were then made from 26 gauge stainless steel. When corrected for 
capacitance, the_ diameters of these plates were 1.36 and 0.68 cm. A third stainless steel 
plate (6 by 6 cm.) was included in this series. The plates were implanted at a depth 

· of 2 cm. from the surface to be irradiated. Temperatures were taken at the surface 
of the, liver, at a depth of 1 cm. and in front of and behind the metal implant immedi-

·. ately before and after ten minutes of irradiation. A control group of experiments was 
performed at the same time by irradiating liver cpntaining no implant. In this series 
the temperatures• were taken irt the same manner: namely, on the surface, at a depth 
of 1 cm. and at a depth of 2 cm. 

A comparison ·of the temperature increases in the liver with and without 
metal implants can be seen in chart 1. When the round plates ( 1.36 and 
0.68 cm. in diameter) were implanted, the average temperature increases 
were greater than those fourrd in the. controls. The increases at the surface 
and behin_d the plate were not significantly different from those in the controls. 
However, the increases at 1 and 2 cm. in front of the plate were significant. 
The levels of confidence were 0.1 and 1 .per cent, respectively. None of the 
temperature increases found when the 6 by 6 cm. plate was implanted was 
significant when compared with controls. In general, the greatest degree of 
temperature increase was found at. the surface, the increase being inversely 
related ~o depth. " 1 • 

Since no gross tissue damage was observed jn the previous series of experiments 
in which the metal was implanted at a depth of 2 cm., the implantation depth was de
creased - to· 0-5 centimeter. The Plexi-glas contai11ers and the three plates used in the 
previous series of experiments were also employed in this study. In addition a 2.5 
by 2.5 cm. stainless steel plate was included. · Control experiments (with liver in which 
no metals were implanted). al.so were carried ou,t. The temperatures were taken at the 
surface, in front and behind the plate in the implant experiments. In· the controls, 

• temperatures were taken at the surface and at a depth of 0.5 cm. 

Chart 2 is f comparison of the average temp~rature increases at the dif
ferent depths in liver with the plates implanted at a depth of 0.5 cm. The 
average temperature increases at all depths with the 6 by 6 cm. plate im
planted -were signi~cantly ~Teater (0.1 per cent level of confidence~ than the 
--6.-Tuttle, \V. \V.,. and Janney, C. D.: The Construction, Calibration and _Use of Thermocouplco for 
Measuring Body Temperature, Arch. Phys. Med. l!!J:4lG (July) 1948. ' 
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controls. The liv~r a'.ppeared to be coagul~ted between the surface ~iid the , 
front of the plate in an area roughly the size of the plate .. There was also 
coagulation for a short distance behind the plate in the same area. When. 
the 2.5 by 2.5 cm. plate was implanted; coagulation appeared between the 
surface of the liver and the front of the plate. •·. However, coagulation was 
not always present behind the plate. The average temperature increases at 

2!4 

-------, 
2 ----------------,. ', 

2 

,e 

.. ' · .. \. . 
' .......... , . ' ' ---~ . •,,, 

' .. ., 
' ' ·•.\. 

16 
TEMPER TURt 
RISE 

. --~ '· •., 
'· 5 ' 3 "C 

12 

0 

CONTROL--
6X6 
1.56 

0.68 

DEPTH IN· CENTIMETERS 

-~ \1 . ,, 
~- ii 

' ' 
\ 
' \ 

2 

Chart 1, - Temperature increases in liver tissue in 
vitro following irradiation in Plexiglas boxes with 
12.25 cm. microwaves. Stainless steel plates were im
planted at a depth of . 2 cm. Controls contained no 

metal plates. 
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Chart 2. - Temperature increases In liver tissue in ;, 
vitro following irradiation in Plexiglas boxes with 
12.25' cm" microwaves. Stainless steel J)latea, were 
implanted at a depth of 0.5 cm. Controls contained ¼ 

· no metal plates. 

the surface and in front of the plate were significantly higher than at corre- ' 
s-poriding depths in control experiments without metal ,implants (level of 
confidence 1 per cent). The same was true for temperatures behind the plate 
(level of confidence 2 per cent). + 

The average temperature increases with the round plate 1.36 'cm. in 
diameter wete significantly different at the surface (level of confidence 2 
per cent) and in front ofthe plate (level of confidence 5 per cent). The in
crease in temperature behind the plate was not significant. In two experi
ments slight coagulation was observed between the surface and the front of 
the plate, but none was found behind the plate in any of the eXiperiments . 

. No significant increases in temperature occurred when the round plate 0.68 
cm. in diameter was implanted. In each group of experiments included in 
this series, except the one in which the plate 0.68 cm. in diameter was used, 
the greatest average temperature increase was at the surface. The increase 
became less as the depth increased. 

Experiments were carried out in which blocks of liver with Glisson's 
capsule intact were irradiated without Plexiglas covers. The purpose of 
this was to determine whether the results of the ,previous experiments could 
be attributed in part to the Plexiglas containers. Blocks of liver with a,nd 
without implants of metal (6 by 6 cm. plates) at a depth of 0.5 cm. wer(' 
irradiated as in the previous· experiments except that the electromagnetic 
waves did not pass through a layer of Plexiglas. 

Chart 3 gives a comparison of experimental and control data in this 
group. The avera~e temperature increases in liver with metal implants were 
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found to be significantly different from the increases in the controls at each 
depth (level of confidence 0.1 per cent). Coagulation was found between the 
surface and the implanted metal plate as well as behind the plate. The 
greatest temperature increase occurred at the. surface, the increase dimin-
ishing as the depth increased. · 

In Vivo Studies. - A pattern of temperature increases following irradiation was es
tablished in the experiments conducted in liver tissue in vitro. Since· the maximum 
temperature increases were developed when the 6 by 6 cm. stainless steel plate was 
implanted at a depth of 0.5 cm., it was decided to implant this plate unde_r the abdominal 
wall and peritoneum ·of live rabbits. The thickness of these tissues was approximately ·, 
QS cm. · 

Urethane (1.75 Gm. per kilogram) was administered rectally for anesthesia. An 
incision was made in the midline of the abdomen and the plate inserted µnder the ab
dominal wall on the right side. Linen thread was used to suture the incision. The 
right side of the animal contained t!:ie metal, and the left side was used as the control. 
A total of 32 rabbits was irradiated. Animals 1 through 16 were irradiate<;\ first on the. 

right and then on the left side for periods of ten minutes. The procedure was reversed 
for animals, 17 through 32 - that is, the left side (control) was 'irradiated -first and 
then the right side ( containing the metal. implant) was irradiated. This was done to 
determine whether the effects of the first irradiation period infi'uenced the results of 
the subsequent irradiation of the contralateral side. Temperature measurements were 
taken immediately before and after each irradiation period. On the side· containing 
the subs.equent irradiation of the contralateral side. Temperature measurements were· 
measured. The cutaneous and abdominal temperatures were taken on the control side. 
Tht power output used in this series o.f experiments was 62.S watts.. ·, 

The temperature· chanfes produced by the stainless steel plate under the 
abdominal wall and peritoneum of rabbits and the control for this group are 
shown i_n, chart 4. , The temperature increase both at _the cutaneous l~vel and 
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(:hart 3. - Temperature increaseg in liver tissue with 
Glisson's . capeule intact following· irradiation· with 
12.25 cm. microwavea, The atainless steel plate was 
implanted at a <;lepth of 0.5 cm. Controls contained 

no metal plate. · 
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Chart 4. - Temperature increases in the abdominal 
wall of anesthetized rabbits following irradiation with 
12.25 cm. microwaves. The stainless steel plate was 
implanted under the abdominal wall on the right side, 

and the contralateral side served as a control. 

+': ~ ' 
above 'the plate was significantly greater than in the corresponding depth 
in the control area (level of confidence 0.1 per cent). Under the plate the 
temperature increase was significantly greater than the control, at' a level of 
confidence of 1 per cent. The tissue over the ,plate was usually edematous 
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and appeared to be coagulated after irradiation. · Ede1~·a was also: present 
on the control side of 7 rabhits, h\lt it was less severe than in the side wit~ · ~ 
the stainless steel implant, The greatest average temperature increase was J. 

found at the cutaneous level, the increase diminishing with depth. This fol
lowed the pattern ohscr,·c<l in most uf the in dtro liver experiments .. 

Comment · 

The effectiveness of the metal iniplanti. in· chang'ing the heating p.ittern 
when the tissue is irradiate,! with 12.25 cm. waves appeared. to vary. with 
the size of the metal and the depth at ·whfrh it was implanted. /\.n ex1plana~ 
tion for the extremely high tcmperattires recorded in' some of the experi- • 
merits in which the metals were implantc<l at a depth 'of 0.5 cm. may be 
found in a reflected standing wave theory. The radiations penetrate the liver 
and upon reaching the illate are reflected bAck, setting up,stan<ling wayes 
in the tisstte between the metal implant and the surface. These,,energies 
are added to the original radiations, so that a much greater temperature in
crease res1.1lts. Furthermore, a stainless steel plate; being a material with 
an electrical conductivity of 0.12 that of copper, would itself be heated. This 
could explain the high terhperatures found behind the plate following irra
diation, since the heat co11l,l be rnnducted from the plate to the tissue con-
tiguous to it. ,, . ' . 

In the series of experiments in which the various-sized :'stainless stee! 
plates were implanted at a depth of 0.5 cm. the temperature increase seemed 
to vary directly with the size of the implanted plate .. This might be expected 
since. the larger the plate, the greater the amount of reflecting surface; hence , .. 
more standing waves wert'. set up, resulting in a greater increase in tem•· 

· perature. However, when the metal plates were implanted at a depth ,of 2 
cm., the amount of radiations reaching the plate was greatly diminished be
cause of the absorption of the waves by the tissue. Consequently, the small 
amount of energy which penetrated as far as the plate did not set up many 
standing waves and, as a result, the temperature increases were not of the 
magnitude of those found when the plate was imphinted at a less depth. 

\Vhen the plates having a diameter equal to one or· one-half times the 
computed wavelength in liver were implanted at a. depth of 2 cm., there was 
a significant increase in temperature at a depth of 1 cm. and in front of the 
plate. This indicates that pieces of metal whose diameters either are equal 
to or are a fraction of the wa,·elength in the tissues may change the heating 
pattern. It falls within the realm of possibility that, as machines generating 
still shorter ,\-a\·elengths are developed, small pieces of metal, such as are 
found in the fillings of teeth and in wire sutures, may cause increased heating 
sufficient to result in tissue damage. · 

It may be noted that the control pieces of liver irradiated through the 
Plexiglas had a greater temperature increase than those irradiated without 
the Plexiglas cover. This may be explained partly by the percentage of 
reflection of the radiations as they travel from one dielectric medium to an-

other. From the form~la{: + :) ~ in which a is the square root of ti]~ 

dielectric constant of the first material and µ. is the square root of the di
electric constant of the second material, the percentage of radiation lost by 
reflection when passing from the first to the second material can be calculated. 
Therefore, when radiations pass from air ( dielectric of 1) to Plexiglas ( dielec
tric of 2.75) there i~ a reflection of 6.2 per cent. \i\!hen they pass from the Plexi
glas into the liver (dielectric of 78), there is added reflection of 43.6 per cent 
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of the radiations, causing a total reflection of 49.8 !per cent of the radiations 
when the liver was irradiated through the Plexiglas container. However, 
by similar calculation when' the radiations passed from the air to the liver 
there was a loss of 63.5 per cent of the radiations. This means that theoreti
cally there was a 13.7 per cent greater loss in radiation from reflection when 
the Plexiglas cover. was omitted. This· accounts, 'at least in part, for the 
more effective heating by irradiation through Plexiglas. The remainder may 
be accounted for by greater radiation of heat from a free surface than from 
one covered by Plexiglas. 

The temperature increases found in the abdominal wall of the rabbits 
were not as great as those found in the liver either in the control or in that 
with the metal plate implanted. In the rabbits, the circulation was intact, 
so that' the circulating blood could remove a considerable amount of heat 
and thereby dimish the increase which was measured at the end of the ir
radiation period. In addition, heat was being lost by· radiation from the 
surface of the abdominal wall. Although the power of radiation used was 
within the safety range recommended for therapeutic use, gross tissue dam
age, which appeared to be coagulation, was observed in the tissue between 
the cutaneous surface and the metal plate. This tissue was found to be ede
matous after the irradiation. This edema was also seen in the control side 
of some of the :abbits, b~tt the coagulation could not be detected grossly. 

, -!: Conclusions 

· 1. Under, the conditions described in this report, irradiation with 12.25 
cm. microwaves caused a greater increase in temperature in'tissue containing 
metal implants than in control tissue. · · 

2. The· increase i"n temperature, was of sufficient magnitude to cause 
gross damage, in the tissue contiguous to the metal and between the metal 
plate and the surface of the tisst\e . 

3. \Yhen implanted close to the surface;large metal plates caused great-
er heating than small ones. . 

4. The temperature increa'ses were greater when the metal plates were 
implanted closer to the surface. The increase became less as the depth of im-
plantation became greater. . 

5. The effects of metaJ implants depended upon depth of implant and 
upon the relationship· of the size _of th.e foreign body to the wavelength in 
tissue. 

6. With careful use, it seems likely that during microwave irradiation 
there is .little ,danger. of burning a patient who either had metal implanted 
or metal imbedded in tissue. In most instances the metal fa not as large or 
as close to ·the surface as described in this report. However, the physical 
therapist should be cautious in the ·ap1llication of microwave diathermy to 
tissue•containing metal implants. 
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