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Thermographic Tumor Detection Enhancemmel~lt
Using Mi(:rowave Heating

J. E. THOMPSON, MEl%tJIER,IEEE, T. L. SIMPSON, MEMBER, IEE~, AND J. B. CAULFIELD, MEMBER, [EEE

AfMtruct-Infmred thermography offers a viable alternative to X-ray

mammography for early breast cancer deteetion if the inherent Ia)w serrRi-

tivity of the technique can be improved. ‘fIds paper presents results which

indicate that the sensitivity of thermography is increased by irradiating the

examined area with microwaves. This m-ises because of selective absorp-

tion characteristics of the particular tumor tissue investigate@ specifbtfly,

it has been observed that in situ irradiation of tranapkwdable guinea pig

hepatom~ using 24S0-GHZ microwave radiatio~ resrdts in a tumor tem-

perature rise of 5.5°C and a rise of 2.5°C in the surrounding heafthy

tissue. This spatial gradient of 3°C compares with the relevant unheated

spatiaf gradient of approximately 0.5° C. The microwave-induced increased

temperature differential between tumor R@ healthy tissue ia rosily ob-

served using a thermovision camera.

Data regarding the temporaf evolution of spatiat temperature distribu-

tions associated with tumor tissue before, during, and after microwave

irradiation are preseuted. Additional data are included regading the

heatiug and coofing rates of microwave-irradiated tumors. The data show

conclusively that the spec~lc tumor investigated selectively absorbs micro-

wave energy rh situ and exhibits this selective absorption as a thermo-

graphicafly observable increase in local skin surface temperature. The data

further show that tumor heating and coofii rates are faster than for

heakhy tissue.

I. INTRODUCTION

T

HERMOGRAPHY is a viable technique for nonin-

vasive early detection of tumors and is presently

being used in conjunction with X-ray mammography and

physical examination to detect breast cancer. The use of

thermography has recently received greater impetus be-

cause c~f data which imply that the integrated effect of

utilizing ionizing radiation on a regular basis for early

detecticm (X-ray mammography) increases the risk of

inducing cancer beyond the potential benefits derived

from early detection. The universal usage of thermogra-

phy has, however, been impeded due to the ambiguities

associated with thermographic data analysis. These am-

biguities result from the weakness of the skin surface

temperature perturbation associated with a small tumor

compared to the background temperature gradients

associated with normal tissue. It is, therefore, difficult to

attribuue observed small spatial increases in skin surface

temperature to the presence of a tumor with the degree of

certainty necessary to justify treatment of surgical ex-

ploration. Confidence in the thermographic data can be

improved by increasing the spatial temperature gradients
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associated with a tumor. Data reported in this paper s!how

that this increase can be obtained by irradiating the

examined area with electromagnetic energy.

The experiments to be described in this paper were

conducted to demonstrate that increased therrnographic

observability of tumors can be obtained by microwave

heating of tumor areas. The results of these experiments

and conclusions which can be drawn will be presented

subsequently. However, a brief description of the current

status of thermographic detection techniques and micro-

wave heating of tissue will first be presented.

A. Thermographic Detection

Thermography is presently being used, usuidly in con-

junction with X-ray mammography and physical exatTlina-

tion, to detect breast cancer [1]–[8]. This detection tech-

nique effectively measures skin surface temperatures by

visually displaying infrared radiation patterns associated

with the skin surface temperature. The utility c}f this

method in detecting cancerous tissue is based on the fact

that tumor temperatures are generally higher than normal

tissue temperatures. The thermal energy assclciated with

the elevated temperature is conducted or convected to the

skin surface and is exhibited as an increase in the surface

temperature. The increased temperature associated with a

cancer tumor was first observed by Lawson in 1956) [!J]. It

was later determined by Lawson and Chughtai that the

arterial blood reaching the tumor has a lower tempwi~,ture

than the venous blood draining the tumor, indicating the

increased metabolism of the tumor [10]. The magnitude of

the observed temperature increase has, however, been

observed to vary over a time period, depending on the

tumor type [11] and the heat transport mechanism [12].

Tumors which are not thermographically visible are gen-

erally assumed to be too small or located so deep that the

heat due to their increased temperature which is con-

ducted to the skin surface cannot be distinguished from

the normal spatial variations in skin temperatures.

The problem associated with thermographic data inter-

pretation is, therefore, one of detecting the small surface

temperature variation attributable to a tumor in the pres-

ence of the spatially nonuniform normal skirt surface

temperature. The magnitude of change associated with a

tumor has been determined by Johansson to be between

1.5 and 5.5°C [6]. The lower limit, however, was set due to

the aforementioned detectability problem. With these
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temperature limits, the results of thermographic examinat-

ions are not as good as X-ray mammography. Indeed, in

one clinical study, no cancer was detected by thermogra-

phy that was undetected by X-ray mammography [6]. It

was, therefore, concluded by that author that the sensitiv-

ity of thermography is too low to warrant universal usage,

or replacement of X-ray mammography. This is probably

a valid conclusion with the existing state-of-the art. How-

ever, recent evidence tends to indicate that X-ray

mammographic examinations introduce more risk (due to

the ionizing radiation) than benefits for younger women

[13], [14]. Thermographic diagnosis would, therefore, be a

viable alternative to X-ray mammography if the sensitivity

could be increased.

B. Electromagnetic Ener~ Absorption by Tissue

It is possible, as will be shown in this paper, to increase

the sensitivity of thermography by heating the examined

area using electromagnetic energy. The specific tumor

present is selectively heated by the incident radiation. The

increased temperature facilitates thermographic viewing

due to increased temperature gradients.

The selective tumor heating was accomplished using

electromagnetic energy. Electromagnetic radiation has

been used for many years to deep-heat tissue (diathermy)

[15] and, in more recent years, to sensitize tumors for

chemotherapy [16] or radiation treatments [17]. More re-

cent studies have shown that rat tumors can be eliminated

by electromagnetic heating to 45°C [18], [19]. Most of

these experiments have been performed utilizing 2450-

MHz excitation sources but have not utilized any inherent

selective tumor absorption characteristics which may ex-

ist.

Certain tumors have been observed to selectively ab-

sorb electromagnetic radiation. Selective heating has been

observed by Webb and Booth, and Stamm et al. in the

70-GHz frequency range [20], [21]. This selectivity was

attributed to specific tumor molecular resonances. Lower

frequency preferential absorption of microwave by tumors

has been observed in vitro by Mallard and Lawn in 1967

[22] and Mallard and Whittingham in 1968 [23]. It should,

however, be noted that these selective absorption char-

acteristics were observed for a simplistic experimental

arrangement and are, therefore, not necessarily applicable

to tumors in living tissue. The in si~u selective absorption

characteristics of a tumor are at present not a proven fact
for all tumors in arbitrary environments. However, for the

case reported here, selective absorption and resulting

selective heating were observed.

H. EXPERIMENTAL RESULTS

Experiments have been conducted which have de-

termined that thermographic detectability of tumors can

be enhanced by microwave heating. This experimental

effort will now be described by presenting the experimen-

tal objectives, the procedures followed, the experimental

results obtained, and the conclusions which can reason-
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Fig. 1. Experimental arrangement for microwave heating of guinea pig
for enhanced thermographic tumor visualization.

ably be deduced. Emphasis will be placed on the data

obtained using microwave irradiation and on the signifi-

cance of the present work.

A. Objectives

The primary objective of the experiment performed was

to determine if an increase in tumor thermographic de-

tectability could be obtained by irradiating the tumor area

with electromagnetic energy. Implicit in this objective was

the desire to determine whether or not selective absorp-

tion of microwaves in situ would be capable of producing

a significant increase in observable surface temperature

gradients. The demonstration of this effect in the particu-

lar instance cited was considered as a necessary step

before more extensive tests were proposed.

B. Experimental Arrangement

The experiment was performed by selectively heating

tumors which have been transplanted into guinea pigs.

The heating was obtained by irradiating the tumor area

with microwave energy. The resulting surface temperature

increases were observed using a thermovision camera. The

experimental arrangement, data-acquisition procedures,

and data-analysis techniques utilized to accomplish the

stated objectives will now be described.

A schematic drawing of the experimental arrangement
used for the microwave irradiation is shown in Fig. 1. The

experimental arrangement consists of a source, a guinea

pig, and a thermovision camera system. Microwave en-

ergy was obtained using a 2.45-GHz 400-W commercial

source. Energy was coupled from the source to the guinea

pig using an appropriate waveguide and square aperture

horn radiator (a horn radiator was used instead of a direct

contact applicator to permit simultaneous excitation and

thermographic viewing). The effective radiated energy

density was measured calorimetrically to be 24 mW/cm2.

Spatial measurements indicate that this energy density is

uniform over an area exceeding 1000 cm2. The irradiated

guinea pig surface was placed directly beneath the horn

radiating aperture. The entire arrangement was enclosed

in a microwave-absorbing anechoic chamber to spatially

confine the microwave energy and to reduce spurious

reflections. Microwave energy levels inside and outside of

the enclosure were additionally measured using a Narda



THOMPSON d d.: THERMOGRAPHIC TUMOR DETSCTION 13NHANCShfEhT 375

Fig. 2. The tumor(T) is highly vascular; a large thin-walled new vessel
is indicated (V). A partial capsule of fibrous (F) tissue is present at
the margin of the tumor. Tumor nodules (N) are present outside the
capsule (msg. 180).

power density meter to verify the experimental parame-

ters.

The microwave experimental measurements were made

on strain-2 guinea pigs bearing a line-10 hepatoma [24].

This is a highly cellular tumor with an extensive blood

supply as may be observed in Fig. 2. The tumor is

characterized by very rapid growth when placed in :young

animals, causing death in 2– 6 weeks. In older animals, its

growth rate is reduced, usually causing death 4– 6 months

after transplantation. Two slowly growing and three

rapidly growing tumors from 15 –20 days after transplant

were available for examination. Most of the data to be

presented were derived from the tumor depicted in IFig. 2.

Itwas a slow-growing lesion in the subcutaneous region of

the left shoulder. The tumor at the time of examination

was ellipsoidal measuring 2 x 1 x 1 cm with a volume of

about 1.76 cm3 in an animal weighing 650 g. When

examined by light microscopy, there was an intact dermis

and epidermis measuring 1 mm in thickness at the thin-

nest point covering the entire tumor. The tumor had. a few

isolated necrotic cells but no focus of necrosis involving

more than two to three cells. The tumor and acljacent

tissue were extremely vascular and there was only a~slight

fibrous tissue response near the outer margins of the

tumor.
The thermovision system consisted of an AGA camera

(model 1680), continuous gray scale monitor, and color

monitor. Absolute temperature measurements were made

using the isotherm option in conjunction with a thermal

calibration source. Photographic data were obtained using

the colcm monitor and a Polaroid camera.

C. Procedure

Specific experimental procedures were followed for

both data acquisition and data analysis to ensure reliable

raw data and to produce the most relevant and clear

results, The guinea pigs were anesthetized using 30 mg/kg

of sodium phenobarbital intraperitoneally. The skin mea

to be examined over both the tumor and normal area was

shaved and then a commercial depilatory use(i to

eliminate all hair. Microwave data were obtained by ir-

radiating the examined area for a fixed exposure “time,

typically 75 s. The resulting surface temperature changes

were thermographically measured and photographically

recorded after O, 15, 30, 45, 60, and 75 s. The microwave

source was then turned off and thermographic data p~ro-

duced as the skin surface cooled, typically at 45, 75:, and

145 s after source termination.

Data regarding the temporal behavior of (he surf iice

temperature spatial distributions before, during, and alter

microwave tumor heating were produced using the albove

data-acquisition procedures. These data were examined

and manipulated to produce information regarding the

surface temperatures after various heating times, the

changes in temperature experienced by different spaltial

areas during heating, and heating and cooling rates of

various exposed positions. The specific informative results

obtained include 1) spatial temperature maps of the tumor

area after various heating times and corresponding data

for a tumor-free area. These data are of the general form

T.(x, ti) where T, is the skin surface temperature, x is the

spatial coordinate, and ti is irradiation duration. 2) Spatial

maps indicative of the temperature increases experienced

by different spatial locations after a specified irradiation

time were obtained. These data were obtained by compar-

ing thermographs recorded after irradiation with the ther-

mograph obtained before irradiation. Areas which experie-

nced the same change in temperature were determined

and used to construct the relevant maps indicatihw of

changes in temperature experienced by the areas ex-

amined. These data are of the general form A :~(x, ti) and

were obtained for the tumor area and a healthy tissue

area. 3) Graphs were obtained from the maps of 1) and 2)

which are indicative of the maximum temperature dif-

ference observable on any specific map of 1)1or 2) as a

function of exposure time. These data have the general

form DT$(ti)lmaX, and DA~(ti)\~=> where DT~ and DATJ

are the measured differences obtained from a given map.

These data are important for judging whether a given

thermograph is indicative of a tumor. Larger changes in

either T, or AT. imply an increased probability for a

tumor being present. 4) Graphs indicative of tumor and

healthy tissue temperature temporal behavior were also

produced. These were used to determine the relative lheat-

ing and cooling rates of both tumor and healthy tissue.

These data are of the general form T~(xj, ~), where +i is a

specific location where the temporal behavior is observed

and ; is the time of observation.

D. Results

The results obtained wiil be presented in the form

described in the preceding discussion. Specifically, data to

be presented include K(x, t,), ATJx, t,),DT,(ti)lmaX,

DA TS(ti)lmaX, and T,(+, $). Ail of the data to be presented
in this paper were obtained from one guinea pig u~sing
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Fig. 3. Tumor area temperature maps for different microwave ex-
posure times shown, K(x, tj). (a) ti =0 s. (b) ti = 15 s. (c) ti = 30 s. Map
value of O corresponds to 31.75 “C. Each integer increment is 0.5 “C.

Fig. 4. Tumor area temperature maps for different microwave ex-
posure times shown, T,(x, t,). (a) t,=45 s. (b) ti= 60 s. (c) ti= 75 s. Map
value of O corresponds to 31.75 “C. Each integer increment is 0.5 ‘C.

microwave irradiation. These data are, however, indicative

of all results which have been obtained to date using other

tumors.

Thermographic temperature spatial maps obtained after

microwave irradiation times of O, 15, 30, 45, 60, and 75 s

are shown in Figs. 3 and 4, respectively. Two reference

points are shown which were obtained by placing reflec-

tive material on the test animal at known locations. The
actual tumor location as observed at the skin surface is

shown by the area outlined. Additional points shown, PO

and PI, located within and outside the tumor area, respec-
tively, are used for other data collection to be explained

subsequently. Absolute temperature values were obtained

by noting that a map value of O corresponds to a surface

temperature of 31.75 “C and that each integer change is

equal to a temperature change of 0.5 “C. These calibration

values were obtained by viewing a temperature-calibrated
source with the thermal camera.

The thermo~aphic data of the map of Fig. 3(a), corre-

sponding to no microwave irradiation, do not clearly

indicate the tumor location. The temperature distribution

is observed to be relatively uniform over the entire area.

Indeed, portions of the tumor area are colder than the

healthy surrounding tissue. However, as microwave en-

ergy is added, the tumor selectively absorbs and the

observed temperature distribution becomes very nonuni-

form, The extreme case is shown in Fig. 4(c), correspond-

ing to a microwave irradiation time of 75 s and an energy

deposition of approximately 2 J/cm2. The location of the
tumor is clearly evident from this temperature map and is

consistent with the known position outlined. The other

maps indicate the temporal evolution of the increase in

tumor visibility. The maximum observed tumor tempera-

ture occurred after 75 s of heating and was 31.75+ 5.5°C

=37.25 “C (see Fig. 4(c)). The maximum temperature of

healthy tissue away from the tumor was observed to be

31.75 + 2.5°C = 34.25 “C. Evidently, the increase in the

tumor temperature over that of surrounding healthy tissue

is due to selective microwave absorption.

The data of Figs. 3 and 4 can be used to generate

contours of constant temperature change. The resulting

spatial maps are shown in Figs. 5 and 6, as obtained from
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(a)

10 TUMOR LOCATION 11

Fig. 5. Tumor area spatial maps of different temperature changes for
various microwave exposure times shown, Z’,(X, t,). (a) t,= I(5 S. @)

ti = 30 s. (c) ti =45 s. Each integer increment is 0.5”C.

the respective maps of Figs. 3 and 4, for microwave

irradiation times of 15, 30, 45, 60, and 75 s. These maps

were obtained by comparing the temperature maps for

various irradiation times with the map of Fig. 3(a) for no

irradiation. The spatial variations of the temperature in-

creases experienced by the tumor area were then plotted.

It again should be observed that, as selective microwave

heating proceeds, the tumor becomes more obvious in the

data shown. The tumor location is defined by the en-

circled area and corresponds to the area which has the

largest thermal gradients and temperature increases. A

maximu~m tumor temperature increase of 5.5 “C was ob-

served after microwave heating for 75 s. Healthy tissue,

clearly unrelated to the tumor, however, increased in

temperature by a maximum of only 2.5°C. The data of

Figs. 5 and 6 are possibly more illustrative and indicate
directly temperature increases due to irradiation.

Data similar to those shown in Figs. 3 and 4 were

obtained for the same guinea pig skin located in a corre-

sponding position on the opposite side of the guinea pig,

where no tumor was present. These data are shown in

Figs. 7 and 8 for microwave exposure times of O, 15, 30,

60, and 75 s. The temperature distribution is relatively

Fig. 6. Tumor area spatial maps of different temperature changes for
various microwave exposure times, T,(x, ti). (a) ti = 60s. (b) ti:= 75 S.

uniform before microwave irradiation as shown in Fig.

7(a). Temperature nonuniformity does increase as mi~cro-

wave energy is added. The extreme condition is shown in

Fig. 8(b). The observed maximum spatial change in tem-

perature for this situation is still only 1.5°C for an irradia-

tion time of 75 s (Fig. 8($)). This should be compared to

the nonuniformity observed on the tumor side of 5.5--2=

3.5 ‘C, as observed in Fig. 4!(c). The spatial temperature

distribution associated with the tumor side of the guinea

pig is therefore considerably more nonuniform, indicative
of an existing tumor.

Complimentary data, obtained by using tlhe maps of

Figs. 7 and 8 are shown in Fig. 9. These maps show

healthy tissue spatial maps of temperature changes and

should be compared with the maps of Figs. 5 and 6 for the

tumor side. Fig. 9(b) implies a maximum spatial nonuni-

formity in temperature increase of 1.5 “C. This should be

compared to the corresponding maximum observable spa-

tial nonuniformity in temperature increased on the tumor

side, obtained from Fig. 6(b), of 4.5 – 0.5 =: 4“C. l[t is,

therefore, again obvious that microwave irradiation has
increased the thermal detectability of the tumor.

The data of Figs. 3, 4, 7, and 8 can be used to obtain a

graph of the parameter D&(ti)l~= which is indicative of

the spatial nonuniformity of a given thermal distribwtiom

This quantity is obtained by subtracting the minimum

temperature from the maximum temperature observed on

a single map, pertaining to a specific irradiation time.
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Fig. 7. Healthy tissue temperature maps for different microwave ex-
posure times, Z(X, t,).(a) t,= O. (b) f,= 15 s. (c) t,=30 s. Map value of
O corresponds to 31.75”C. Each integer increment is 0.5”C.

These graphical data are shown in Fig. 10 for both tumor

and healthy tissue areas (affected and unaffected guinea

pig sides). It can be seen that the spatial temperature

nonuniformity continues to increase for tumor tissue areas

as additional energy is added. However, the nonuniform-

ity saturates at approximately 1.5 ‘C for healthy tissue

areas. Specifically, for an irradiation time of 75 s, the

tumor temperature distribution is nonuniform by 3.5 “C,

while the healthy tissue area on the opposite side of the

guinea pig is only nonuniform by 1.5°C. This implies that

monitoring of this gross nonuniformity parameter is an
acceptable way to determine if a tumor is present within

an examined area. It should be noted that this analysis is

appropriate for computer analysis and computer judg-

ments regarding tumor detection.

The data of Figs. 5, 6, and 9 can similarity be used to

produce a graph of DA&(t,)l~=. This is an alternate graph

which is useful for determining the presence of a tumor in

a specific examined area. The graph is shown in Fig. 11

and indicates that after 75 s of irradiation, the observed

temperature differences are nonuniform by 1.5 “C for a

healthy tissue area located on one side of the guinea pig

and 4°C for a tumor tissue area on the opposite side of

(a)

Q
5

6 1 marker

b)
Fig. 8. Healthy tissue temperature maps for different microwave ex-

posure times, ~(x, t,). (a) t,= 60 s. (b) t,=75 s. Map value of O
corresponds to 31.75 “C. Each integer increment is 0.5”C.

(a)

@)
Fig. 9. Heafthy tissue spatial maps of different temperature changes

for various microwave exposure times, TJx, ti).(a) t,=15 s. (b) ti =
60 s. Each integer increment is 0.5”C.
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Fig. 10. Maximum spatial temperature changes observable from ther-
mograms taken at various times for tumor and healthy sides of guinea
pig.
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Fig. 11. Maximum difference observed from each spatial differential
temperature map for various times for tumor and healthy sides.

was inferred by observing the temperature at position P.

and P, within and outside of the tumor area, respectively,

shown on the maps of Figs. 3 and 4 for the different

irradiation times, and by observing the same points on

similar maps obtained for different cooling times. ‘I’he

results are shown in Fig. 12 and indicate that not only

does the tumor reach a higher temperature during the

irradiation time, but also that the rates of heating and

cooling are greater then those of healthy tissue alWay ‘from

the tumor. This is possibly attributable to more water

content, for increased absorption and hence heating, a.~d

to increased vascularity for more rapid cooling.

E. Significance and Implications

The tumor used in these experiments is a tranlsplantalble

liver hepatoma induced with diethylnitrosamine. It is

highly vascular and highly cellular with little connective

tissue stroma. This pattern resembles a few spontaneous

breast tumors but the spontaneous breast tumors are more

likely to be less cellular, less vascular, and contain mlore

stoma. Benign breast tumors and nonneoplastic masses in

the breast will differ significantly from the guinea pig

tumor in contents. Until the components of the tumor

that absorb microwaves are defined, the response of these

other lesions cannot be predicted, but must be determined

empirically. The response of the tumor used is sufficiently

different in absorption of microwaves as to encourage

further investigation. The results presented show that mi-

crowave irradiation of an examined area increases tumor

thermographic observability by increasing the temperature

gradients. It was observed that the tumor temperature

increased by 5.5 “C, while healthy tissue increased by only

2.5 “C. This made the tumor very obvious using thermovi-

sion viewing. It was additionally shown that the heating

and cooling rates for the tumor are greater than for

healthy tissue. These results imply that therrnographic

T,(ti)(” C)
measurements of the spatial temperature distributions and

1/

their temporal behavior resulting from microwave irradia-
5

‘>,
A TUMORTISSUE tion can be useful for early detection (since detection

\
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sensitivity is improved by increasing temperature dif feren-o HEALTHY TISSUE

tials from approximately 0.5 “C to 3 ‘C) and tumor ct~ar-

31
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acterization (since the heating and cooling rates are tumor

dependent).
2 ~r
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!/, ~.: III. SWARY AND CONCLUSION

‘~(- Integrated biological damage resulting from repeaked

X-ray mammography precludes the use of this technique
~.L.’..J.. -J..d— -–I.
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Fig. 12. Tumor and healthy tissue heating and cooling temporal
cancer, particularly for younger women. An alternate di-

behavior. agnostic technique which has been used successfully in

the guinea pig. The gross parameter DA T, can also be

used to judge whether a tumor is present. The graphs of

both Figs. 10 and 11 indicate strongly that a tumor is

present in the area examined, as indeed it is.

Additional informative data can be obtained from the

thermographic maps in Figs. 3 and 4. In particular, the

temporal behavior of microwave-irradiated tumor and

healthy tissue can be determined. The temporal behavior

conjunction with X-ray diagnostics is thermography.

However, the sensitivity of this technique is IIower than

X-ray mammography due to the small surfac(e tempera-

ture differential associated with small tumors and the

difficulties associated with differentiating between skin

surf ace temperature variations attributable to normal con-

ditions and the presence of tumors. The experiment re-

ported in this paper has, however, shown that the tempera-

ture cliff erential between healthy tissue and tumor tissue
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can be increased substantially by irradiating the examined

area with microwave radiation. The increased spatial tem-

perature gradients are then more easily observed using

conventional thermographic techniques. This results in an

improvement in the sensitivity of the basic thermographic

technique. It must be noted, however, that the thermal

response associated with all tumors may not be the same

as in the case reported here. In particular, the microwave

heating profile and the resulting thermographic detectabil-

ity of smaller and deeper tumors must be investigated

before reliable conclusions can be drawn regarding this

diagnostic technique. Even so, it seems reasonably certain

that if a particular tumor can possibly be detected thermo-

graphically, its thermal response can be enhanced by

differential heating. Quantitative comparisons between

the sensitivity of the microwave-enhanced thermography

and X-ray diagnostic techniques, however, cannot be

made at the present time. However, the thermographic

observability is greatly improved compared to standard

thermography for the case reported. The microwave

power and required irradiation times are small and result

in a maximum healthy tissue temperature increase of only

a few degrees Celsius. The technique is therefore not only

biologically safe from the standpoint of total microwave

energy absorbed, but is also not uncomfortable to the

animal being examined.

The thermographic raw data are produced in the form

of temperature profile maps. These data are amenable to

digital storage and computer manipulation. Various de-

rived data presentations can, therefore, be produced to

facilitate decisions, either by man or machine, regarding

the presence of tumor tissue. The spatial data obtained

have been used to determine the presence and location of

a tumor. This is additionally facilitated by observing,

thermographically, the temporal behavior of the tumor

heating and cooling. These temporal data may prove to be

useful in quantifying such tumor characteristics as depth,

vascularity, or size.
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