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MEASUREMENTS of the electron spin resonance from “‘sur-
viving” animal tissues at 3 cm wavelength have shown a
difforence in the amount of resonance absorption at room
temperature at g=2-004, between malignant and normal
tissue'~t. The signal for normal rat liver is some twenty
times greater than that for rat liver tumour, while at

=2-016 a broad absorption signal from rat hepatoma
and metastases has been observed which is absent in
normal rat liver tissued. -

1t is more difficult to obtain suitable samples of human
tumours and normal tissues for comparison, but prelimin-
ary measurements indicate that a differential exists
between some tumours and the corresponding normal
tissue. Using a ruliable spectrometer of high sensitivity
and reproducibility, it is therefore possiblo to distinguish
between normal and malignant tissue samples, but this
would beg cumbersome and expensive way of discriminat-
ing between them when the examination of a section
under the microscope would give the same information
and more. ) '

One wonders whether a machine using electron spin
resonance could be constructed which could measure or
display in vivo the differential between the normal tissue
and the tumour embedded within it: is it possible that a
machine which detects and moasures the transmitted
intensity of microwaves through the DLody could scan
the region of interest to display and localize a tumour ?
The first question to answer in the design of such a machine
is how much of a beam of microwaves incident on the
body would emerge aftor transmission through the body.
or after reflexion from the interface between tumour and
normal tissue within the body.

First, the considerable diclectric absorption of the
3 microwave beam by the body tissues must be caleulated
s A and it is hero that some interesting observatinns can be

o
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g‘ mado. Experimental information on the dielectric con-
"é" o : stans 1of human tissues is sparse. England and Sharples®
= & - and Bngland® have at 3 em reparted values of the power
0, IR absorption coefticiont ranging from a = 2-65 to 3-2 (average
»‘ i value 2-84) for six samples of breast carcinoma (scirrhs)
2 PR and a valuo of 2=049 (leg fat a=0-44) for breast fat.

Thus thero is a difference in dielectric constants for a
purticular tumour and what might be regarded as its sur-
rounding tissue. The tumour value reported was also

* This marerial is part of that presented at the First International Con-
ference of Medical Phyvsics. Harrocate, 1963, and the Eleventh Lurernational
Congress of Radiolugzy, Ron N5,
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Dielectric Absorption of Microwaves in Human Tissues *

-~ Calculations show that differences in absorption of microwaves by
~the human body may be a means of localizing tumours and som
body structures

" tumour of 1 em thickness embedded within it, the position

_into account in this simple model.
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slightly different from that of other soft tissue (for exam.
ple, skeletal muscle z=2-60), but Buchanan (persona!
communication) has pointed out the great difficulty of
such measurements and the uncertainties which are
attached to smaller differences. It would: appear that a
more extensive series of diclectric mensurements on tissue _
samples- is-rieeded to establish values more accurately .
from tissue to tissue and to investigate the reality of :
any differences between tumours and normal tissues
For the calculation of tissue absorption reported in”thj
preliminary study, the values of England and Sharplest
have been used throughout. . -
The calculations have been carried out for the mode} :
shown in Fig. 1. A slab of breast fat 10 em thick has g

of the tumour being defined by l;. The waves propagated
in the tissues are attenuated, reflected and changed in
phase: diffraction will also occur, but this was not taken
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Fig. 1. Diagram of the model used for the calentatlons. A breast tumour
a

(a=2-84) of thickness 1 em s embandded in breast tag (a=04p) and is =«
irradiated with 3 cm microwaves. The transmitted and reflected inten- N
sities (Pg and £ 1) are calculuated bath with and withont the tumonr

(see Fig, 2). -

If P(z) is the power at z, then Plx) = P(0) ¢~ where «
is the linear power absorption coctficient.

Let u and 6 (see Fig. 1) bo the wave amplitucles and let
It and T bo the reflexion and transmission eoefficients.
then at an interface (for example, fuee 1)

1+R, =T,

For the model in Fig, 1
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and the complex propagation factor p; = (k; —7-'—a;-!>l;

(j=1. % for fat; =2 for tumour)

withe % the wavelength, kj==2x/2.
ity = absorption coefficient in the medium j and §;=length
ot medium.

This matrix expresses the relation betweon the trans-
titted amplibude 2, and the amplitudes a; and b, which
exsult from multiple reflexions, phase changes and absorp-
ton. .

Defining T =a/a,
and R=b,/a,,

_
Al!

Referring to Fig. 1,
Pr = Puw- T2 |Toalt 11+ BEy)?
rmd- . .
Pr = Pa(R+R,)(1+RR)*
The teansmission coefficients and R, are found from the

diclactric constants of the media, and it only remains to
ealeulate A,, and A, in order to determine R and T
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Fie,
the 1 cm thick tumour, for the model of Fig. 1.
or = Transmitted power with tumour
Transmitted power without tumour (fat only)
Reflected power with tumour
Reflected power without tumour (fat only)

Qp =

The matrix elements give |A4,,2 and |4,,? as functions
of 2, 1, 1,. Ry, Ry, ko and &y which are calculated for vari-
ous values of [, and also for the case when no tumour is
Present. : - . :

2. The resuits of the'culculations plotted agalnst l,, the position of -

"The following ratios arc obtained.

P with tumour

Or = Pr fat only
and

Prwith Lﬁmonr
—“P:z fat 0;\7}-'—“

Qn =

which are plotted in Fig. 3, The values of Qr and Qs are
related to the input power Pia by the ratio of Pr/Pis in
the absence of tumour. For 10 cm of fat without tumour

Pz/Pin=18x10-

n.nd PR/Pm=0‘12

The values of Qr in Fig. 2 show that the transmitted
power through the tumour and fat is less than one-fifth
of that through fat alone and that the transmitted power
is greatest through the model when the tumour is centrally
placed in the fat. The values of Qr in Fig. 2 show that,
as the tumour is moved from the back face to the incident
face, the reflected power increases from 0-12 to greater

- than 0-5. s
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¥lg. 3. ‘The resuits of the calculations plotted in the same way as Fig. 2,

when a layer of skin 1 mm thick (2=2:60) is added to Faces 1 and 4 of
the modei shown in Fig. 1.

It would seem possible, therefore, that the presence of
breast tumour tissue in this model could be demonstrated
either by reflexion or transmission. Because of heating
effects it is recommended that the continuous incident
power at the surface of the body must not exceed 10 mW/
em?, over & frequency range from 30 Me/s to 30 Ge/s, for a
human being?. 'As a result the transmitted power levels
would be of the order of 10-* W/em? for the model con-
sidered here. It is possible that a more intense short
pulse could be used in order to increase the power to be
detected but only with great care. . :

For this model, the differential of intensity beneath the
tumour to that of the surrounding regions is greater than

-would be achieved-in in vivo diagnostic radiography.

The model taken, however, has been a favourable one
because of the considerable difference of dielectric constant
reported by England and Sharples® for breast fat and
breast tumour. The calculations have been performed -
also on the much less favourable case of the breast tumour .
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Fig 4. a, Summary of caleulated results for the model shown i
10 cm thick. The central tigure shows the results with o 1 mm thick skin
layer added as shown, whilst the towest teure Das the breast fat replaced
with muscle, There is a much greater ditferenve in teansmitted intensity
with and without tumour when skin is added, and a much smalier
difference when tut is replaced with muscle. b6, Swmmary of the calculated
results for a model of a1 e breast tumour embedded in 3 cin of breast
fat (upper fizure) and muscle (fower feure.
absorption cansed by electron 3pin resonance (B.5.R.) processes is also
shown,  B.S.R calendations asstine tumour has ~ 10 spins'yg and nor-

mal tissue has > 10 spins/,

tuimour
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Muscle or skin
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(o = 2-84) embedded in muscle (2=2-60). In this Ci\se;

. QT=0‘79 and Q1¢=l

If thié'20'per cent chaﬁge in transmitted intensity dog

oceur ¢n »vo, then it should be possible to detect it.
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Further calculations were carricd out for the modul g (

Fig. 1 with the addition on Faces 1 and 4 of a layer of
skin 1 mm thick («=2-60). The matrix elements are mor,
complex and lead to the result of Fig. 3. 1he transmissioy
cose is approximately symmetrical and the large cffuq
with the tumour near the edges is causcd by the impor.
tance of the phase angle when therc is o small distare

between two tissues of similar dielectric constant. Th .

ratio of the transmitted power, with and without tumaony,
is even greater than before and the output power levels
aro measurable, In these circumstances Pyp/Pin= 235
10 and Pg{Pin=0-74.

Very useful reductions in unwanted reflexions can by
made by matching the impedances of materials at inter.
faces, that is, by blooming tho surfaces. Tor example,
the two skin-air interfaces can be matched by coating
them with a material, the dielectric constant (K) of whiel,
is related to those on either side by K = (Jair* Nakim)l,
Such a coating will approximately match impedancy,

not only for the incident.waves which travel inwurds hy

also for the emergent waves which travel outwards; it
would also increase still further the ratio between tumous
and non-tumour intensities.

Fig. 4(a) summarizes the results on the 10 em thick o

model with and without skin, while Fig. 4(b) presents
the results on a model which is only 8 em thick. For the
case of this smaller model, the extra absorption of micro.
waves due to electron spin resonance processes, with the
model placed in a magnetic field of 3,400 G, has been
calculated.

10'® . spins/g, and normal tissue approximately 101
spins/g, which are the values determined for rat liver and
rat liver tumour?. It is seen that the electron spin reson.

ance absorption of microwaves is very small {about 10-4)
compared with the dielectric absorption. As a result, the ;
detection of the difference in electron spin resonance «’

absorption between tumour and normal tissue, by a
nmuchine based on the rationale discussed here, would

seem to be a more formidable task than the detection of

the difference arising from dielectric properties.

It seems likely that by measuring the transmission of :

microwaves through the body, it should be possible to

demonstrate differences in dielectric absorption from .

point to point in the body and perhaps outline and localiz

—by photographic or scanning methods—tissues or body =,
cavities, or abnormal regions of organs which have:

different dielectric constants. It seems possible that

this might have some value for tumour detection and °

localization. Perhaps the technique of holography may

prove to be an aid in this procedure. The reflected beam -

should enable interfaces (particularly mobile interfaces)
to be detected in a similar manner to ultrasonic loealiza.
tion methods. [t is realized that the practical difficulties
are considerable.
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