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Breast thermography and cancer risk prediction. 
Gautherie M, Gros CM. 

 

Thermography makes a significant contribution to the evaluation of patients suspected of having breast 

cancer. The obviously abnormal thermogram carries with it a high risk of cancer. This report summarizes 

the results of patients with questionable or stage Th III thermograms. From approximately 58,000 

patients, most of whom had breast complaints, examined between August 1965 and June 1977, the 

conditions or a group of 1,245 women were diagnosed at initial examination as either normal or benign 

disease by conventional means, including physical examination, mammography, ultrasonography, and 

fine needle aspiration or biopsy, when indicated, but nevertheless categorized as stage Th III indicating a 

questionable thermal anomaly. Within five years, more than a third of the group had histologically 

confirmed cancers. The more rapidly growing lesions with shorter doubling times usually show 

progressive thermographic abnormalities consistent with the increased metabolic heat production 

associated with such cancers. Thermography is useful not only as a predictor of risk factor for cancer but 

also to assess the more rapidly growing neoplasms. 

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=7351006&dopt=Citati
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Breast thermography is a noninvasive prognostic procedure that 

predicts tumor growth rate in breast cancer patients 

J. F. Head, F. Wang and R. L. Elliott  

Elliott Mastology Center, Baton Rouge, Louisiana 70816.  

Our recent retrospective analysis of the clinical records of patients who
 
had breast thermography demonstrated that 

an abnormal thermogram was
 
associated with an increased risk of breast cancer and a poorer prognosis

 
for the 

breast cancer patient. This study included 100 normal patients, 100
 
living cancer patients, and 126 deceased cancer 

patients. Abnormal
 
thermograms included asymmetric focal hot spots, areolar and periareolar

 
heat, diffuse global 

heat, vessel discrepancy, or thermographic edge sign.
 
Incidence and prognosis were directly related to thermographic 

results:
 
only 28% of the noncancer patients had an abnormal thermogram, compared to

 
65% of living cancer patients 

and 88% of deceased cancer patients. Further
 
studies were undertaken to determine if thermography is an 

independent
 
prognostic indicator. Comparison to the components of the TNM

 
classification system showed that only 

clinical size was significantly
 
larger (p = 0.006) in patients with abnormal thermograms. Age, menopausal

 
status, and 

location of tumor (left or right breast) were not related to
 
thermographic results. Progesterone and estrogen receptor 

status was
 
determined by both the cytosol-DCC and immunocytochemical methods, and

 
neither receptor status 

showed any clear relationship to the thermographic
 
results. Prognostic indicators that are known to be related to 

tumor growth
 
rate were then compared to thermographic results. The concentration of

 
ferritin in the tumor was 

significantly higher (p = 0.021) in tumors from
 
patients with abnormal thermograms (1512 +/- 2027, n = 50) compared 

to
 
tumors from patients with normal thermograms (762 +/- 620, n = 21). Both

 
the proportion of cells in DNA synthesis 

(S-phase) and proliferating
 
(S-phase plus G2M-phase, proliferative index) were significantly higher in

 
patients with 

abnormal thermograms. The expression of the
 
proliferation-associated tumor antigen Ki-67 was also associated with 
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an
 
abnormal thermogram. The strong relationships of thermographic results with

 
these three growth rate-related 

prognostic indicators suggest that breast
 
cancer patients with abnormal thermograms have faster-growing tumors that

 

are more likely to have metastasized and to recur with a shorter
 
disease-free interval.  
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Abstract  

Breast cancer is a common and dreadful disease in women. The surface temperature and the 

vascularization pattern of the breast could indicate breast diseases. Establishing the surface isotherm 

pattern of the breast and the normal range of cyclic variations of temperature distribution can assist in 

identifying the abnormal infrared images of diseased breasts. This paper investigates the cyclic variation 

of temperature and vascularization of the normal breast thermograms under a controlled environment. 

More than 50 Asian women were examined and some of them have been examined continuously for 

two month. All together, not less than 800 thermograms were obtained. Before these thermograms can 

be analysed objectively via a computer algorithm, they must be digitized and segmented. The authors 

present a method to segment thermograms and extract the useful region from the background. After 

the image processing, these thermograms can be analysed and then the best time to perform an 

http://www.annalsnyas.org/cgi/content/abstract/698/1/153
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examination can be chosen. All these results are important for establishing a data bank of normal breast 

thermography, to choose the best time for an examination and as a systematic methodology for 

evaluating and analysing the abnormal breast thermography in the future.  
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Abstract  

Analysis of thermograms has often been subjective and has resulted in inconsistency in the diagnosis of 

breast diseases by thermography. The aim of this paper is to study the problem of subjective 

interpretation of breast thermograms and hence using thermography as an adjunct tool for breast 

cancer diagnosis. It was proposed that the thermograms should be taken within the recommended 

screening period, classified and analysed in conjunction with an artificial neural network (ANN). 

Qualitative interpretation of thermal images can be carried out using an active contours algorithm. The 

256 ×200 pixel image can be segmented as one of the inputs to the ANN. To achieve quantitative 

analysis of the breast thermograms, firstly the inputs of the ANN should be determined, so that the 

thermograms could be successfully classified and based on the suggested inputs.  

http://www.informaworld.com/smpp/content~content=a713816822~db=all 
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BREAST THERMOGRAPHY AFTER FOUR YEARS AND 10,000 STUDIES  
HAROLD J. ISARD M.D., WARREN BECKER M.D., RUTH SHILO M.D., and 
BERNARD J. OSTRUM M.D.  

A total of approximately 10,000 breast thermograms was analyzed
 
and further subdivided into 

symptomatic and asymptomatic groups
 
of patients of 55 and 45 per cent, respectively. 

Positive, or
 
abnormal, mammatherms were recorded in 36 per cent of thesymptomatic

 
and 23 per 

cent of the asymptomatic groups. Of the 306 histologically
 
confirmed cancers, 270 were in the 

symptomatic group of patients
 
and 36 were clinically occult. 

Clinical accuracy was enhanced
 
by the supplemental use of mammography and thermography. 

Sixty-one
 
per cent of the occult cancers were suspect by thermography

 
and if, in the 

asymptomatic group, thermography had been used
 
as the initial screening procedure and 

mammography performed
 
only on those with abnormal thermograms a yield of 21.4 cancers

 
per 

1,000 mammographic examinations would have been realized. 

Thermography
 
is an innocuous examination that can be utilized for preliminary screening

 
of 

asymptomatic women to focus attention upon those who should
 
be examined more intensively 

because of greater risk of breast
 
cancer. 

http://www.ajronline.org/cgi/content/abstract/115/4/811 

 

Breast thermography. A prognostic indicator for breast cancer survival. 
 

Isard HJ, Sweitzer CJ, Edelstein GR. 

 

Gershon-Cohen Breast Imaging Center, Department of Radiology, Albert Einstein Medical Center, 

Philadelphia, Pennsylvania 19141. 

 

A prognostic classification for thermographic staging of breast cancer has been applied to a cohort of 70 

patients from 5040 screenees enrolled in the Albert Einstein Medical Center (AEMC) Breast Cancer 

Detection Demonstration Project (BCDDP). A diagnosis of breast cancer was established in each case 

before December 31, 1980. None of the patients have been lost to follow-up which extended from a 

minimum of 6 to a maximum of 13 years. Survival rates for those with favorable, equivocal, and poor 

thermographic factors are compared with each other and with results in accordance with tumor-node-

metastasis (TNM) classification. As of December 31, 1986, there have been 22 (31.4%) deaths, all 

attributed to breast cancer. The thermographic scoring system clearly shows shorter survival for 

patients with poor thermographic prognostic factors, 30% surviving at 5 years and only 20% at 10 years 

compared with overall survival of 80% at 5 years and 70% at 10 years. 

http://www.ajronline.org/cgi/content/abstract/115/4/811
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Abstract 

Thermal imaging has been used for early breast cancer detection and risk prediction since the sixties. Examining 

thermograms for abnormal hyperthermia and hyper-vascularity patterns related to tumor growth is done by comparing 

images of contralateral breasts. Analysis can be tedious and challenging if the differences are subtle. The advanced 

computer technology available today can be utilized to automate the analysis and assist in decision-making. In our study, 

computer routines were used to perform ROI identification and image segmentation of infrared images recorded from 19 

patients. Asymmetry analysis between contralateral breasts was carried out to generate statistics that could be used as 

input parameters to a backpropagation ANN. A simple 1-1-1 network was trained and employed to predict clinical outcomes 

based on the difference statistics of mean temperature and standard deviation. Results comparing the ANN output with 

actual clinical diagnosis are presented. Future work will focus on including more patients and more input parameters in the 

analysis. Performance of ANN network can be studied to select a set of parameters that would best predict the presence of 

breast cancer.  
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Abstract  

This paper shows the concurrent use of thermography and artificial neural networks (ANN) for the 

diagnosis of breast cancer, a disease that is growing in prominence in women all over the world. It has 

been reported that breast thermography itself could detect breast cancer up to 10 years earlier than the 

conventional golden methods such as mammography, in particular in the younger patient. However, the 

accuracy of thermography is dependent on many factors such as the symmetry of the breasts' 

temperature and temperature stability. A woman's body temperature is known to be stable in certain 

periods after menstruation and it was found that the accuracy of thermography in women whose 

thermal images are taken in a suitable period (5th - 12th and 21st day of menstruation) is higher (80%) 

than the total population of patients (73%). The stability of the body temperature will depend on 

physiological state. This paper examines the use of ANN to complement the infrared heat radiating from 

the surface of the body with other physiological data. Four backpropagation neural networks were 

developed and trained using the results from the Singapore General Hospital patients' physiological data 

and thermographs. Owing to the inaccuracies found in thermography and the low population size 

gathered for this project, the networks developed could only accurately diagnose about 61.54% of the 

breast cancer cases. Nevertheless, the basic neural network framework has been established and it has 

great potential for future development of an intelligent breast cancer diagnosis system. This would be 

especially useful to the teenagers and young adults who are unsuitable for mammography at a young 

age. An intelligent breast thermography-neural network will be able to give an accurate diagnosis of 

breast cancer and can make a positive impact on breast disease detection.  
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ABSTRACT 

From October 1, 1976 through July 31, 1979, at the University of Kansas Medical Center, CT/M examinations were performed 

on 1625 patients. Seventy-eight cancers were histologically diagnosed. 

A CT/M study using our contrast medium enhancement technique yields both static anatomical changes and dynamic 

measurements of abnormal iodide concentrations in the breast cancers. This unique ability of CT/M provides many advantages as 

compared with conventional mammography in the diagnosis of breast cancer. The detection rate in 78 cancers by CT/M was 94% 

and 77% for the mammography. 

The CT/M appears to be specially superior to the mammography for detecting cancers in dense, premenopausal dysplastic 

breasts. The CT/M can detect totally unsuspected very small breast cancers that were unable to be identified by conventional 

mammography or physical examinations. The CT/M scan also seems to be a better test for recognizing precancerous high risk 

lesions. 

CT/M evaluation affords definitive diagnostic help in instances where the mammographic and/or physical examinations are 

inconclusive. Although CT/M will not replace conventional mammography in routine breast examinations, it overcomes the 

limitation of mammography. 
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Breast thermography. 
 
Nyirjesy I. 
 
PIP: This discussion of breast thermography reviews the following: techniques; the "normal" 
thermogram found in approximately 65% of gynecologic patients; analysis and classification of a 
thermogram; factors influencing thermograms (breast symmetry, breast size, age, parity, history of 
breast feeding, menstrual cycle, pregnancy and lactation, exogenous steroid therapy, menopause and 
danazol, family history of breast carcinoma, benign breast disease, and time; thermograms and breast 
carcinoma; and clinical considerations. The temperature and the vascularization of the breast, which are 
modified by endocrine, inflammatory, and tumoral influences, can be studied through pictures formed 
by multiple simultaneous temperature in measurements called thermograms. Thermographic 
examinations must be performed in a draft-free, temperature, and humidity controlled room, where a 
constant temperature 20 degrees C is maintained. Using telethermography, a front and right and left 
oblique views must be taken. For contact thermographic studies, the cholesterol plate or sheet on which 
color distribution corresponds the best to the patient's mean temperature should be selected and a 
front and an oblique view should be taken of each breast. Thermograms must be analyzed by noting 
anatomic and vascular symmetry, by measuring temperature differences between comparable areas of 
the 2 breasts, and by observing the normal round contour of the breast. In addition, repeat 
thermograms must be compared to previous studies and any observed change must be noted. Increased 
heat can be vascular, focal, or diffuse. Recent reports and opinions on relationships between abnormal 

http://www3.interscience.wiley.com/cgi-bin/abstract/112679338/ABSTRACT
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thermograms and cancer are controversial. The most favorable reports on the value of thermograms in 
the identification and management of breast cancers originate from the University of Strasbourg and 
the Cancer Institute of Marseille. It is the belief of this physician that thermography is not a specific test 
for carcinoma detection, for the diagnosis of any other breast disease. It is, however, a sensitive marker 
of local thermal and vascular abnormalities, which can be helpful in focusing attention on specific 
patients and for research. The greatest interest of clinical thermography lies in its use in the detection of 
carcinoma. Patients who have an abnormal thermogram need thorough clinical evaluation. It is possible 
that the greatest potential application of thermography is in its use in comparison studies. 
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Thermobiological assessment of benign and malignant breast diseases. 
 
Gautherie M. 
 
The recent technical and clinical advances in breast thermography are reviewed in this article. Emphasis 
is placed upon liquid crystal thermal imaging and computer-assisted analysis of breast thermograms. 
New data are presented concerning the value of thermography for the early detection of mammary 
carcinomas, the identification of women at high risk of developing breast cancer, and the detection of 
cancer in fibrocystic breasts. 
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Palpable solid breast masses: retrospective single- and multimodality 

evaluation of 201 lesions 

PA van Dam, ML Van Goethem, E Kersschot, J Vervliet, IB Van den Veyver, A De 

Schepper and P Buytaert  
Department of Obstetrics and Gynecology, Antwerp University Hospital, Edegem, Belgium.  

The diagnostic virtues and limitations of single- and multimodality testing
 
in the evaluation of 

solid palpable breast masses were studied. Two hundred
 
one consecutive patients who had a 

solid palpable breast mass and who
 
underwent biopsy between September 1982 and July 1986 
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were included for
 
blinded retrospective analysis of their physical examination, mammographic,

 

ultrasonographic (US), thermographic, and pathologic characteristics.
 
Benign breast disease was 

diagnosed histologically in 106 women, while
 
carcinoma was established in 95. The sensitivities 

of physical examination,
 
mammography, US, and thermography were 0.88, 0.94, 0.78, and 

0.49,
 
respectively. US alone had the highest sensitivity in correct diagnosis of

 
a benign solid 

breast mass and had the highest accuracy (0.84). Use of four
 
modalities increased the 

preoperative diagnostic true-positive rate to
 
0.97, with some decline in specificity. Multimodality 

testing seems
 
particularly beneficial in pre- and perimenopausal patients.  

 

http://radiology.rsnajnls.org/cgi/content/abstract/166/2/435 

 

 

 

Imaging of the radiographically dense breast 

VP Jackson, RE Hendrick, SA Feig and DB Kopans  
Department of Radiology, Indiana University Medical Center, Indianapolis.  

Despite recent improvements in mammography equipment and technique, the
 
radiographically 

dense breast remains difficult to image. The problems in
 
imaging the dense breast account for a 

large percentage of the cases of
 
mammographically "missed" carcinomas. Other imaging 

modalities--such as
 
ultrasonography, transillumination, thermography, computed tomography,

 

magnetic resonance imaging, and radionuclide imaging--have been
 
investigated for use in breast 

cancer detection. This overview discusses
 
the current problems associated with imaging of the 

radiographically dense
 
breast and suggests some avenues for investigation to develop solutions 

to
 
these problems.  
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Diagnosis of breast carcinoma. An evaluation of clinical examination, 
mammography, thermography and aspiration biopsy in breast disease. 
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Microwave thermography: principles, methods and clinical applications. 
 

Myers PC, Sadowsky NL, Barrett AH. 

 

We review the physical principles, method of operation, measurement limitations, and potential 

medical applications of microwave thermography. We present detailed results of a study of breast 

cancer detection at 1.3 and 3.3 GHz, including the dependence of detection rates on microwave 

frequency, time, tumor depth, and tumor size. At 1.3 GHz, microwave thermography detects breast 

cancer as well as infrared thermography (true-positive rate = 0.76 when true-negative rate = 0.63). 

When the two methods are combined, the true-positive rate increases by about 0.1 over that of either 

method alone 
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The screening of well women for the early detection of breast 
cancer using clinical examination with thermography and 
mammography. 
 

Stark AM, Way S. 
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Thermography of the female breast: a five-year study in relation to the 

detection and prognosis of cancer 

CH Jones, WP Greening, JB Davey, JA McKinna and VJ Greeves  

More than 12,000 women have been examined thermographically in the Breast
 
Unit of the Royal 

Marsden Hospital, London. Of these women 1,464 had biopsy
 
and histology; 363(25 per cent) 

were found to have carcinoma and of these
 
68 per cent had abnormal thermograms, 13 per cent 

has some thermal
 
asymmetry of doubtful significance and 19 per cent had normal thermal

 

patterns. Fifty-seven per cent and 62 per cent of patients with Stage I and
 
Stage II cancer, 

respectively, had abnormal thermograms whereas 83 per cent
 
of patients with Stage III cancer 

had abnormal thermograms. Of 1,101 women
 
who had benign lesions, 63 per cent had normal 

thermal patterns, 15 per
 
cent had thermal asymmetry of doubtful significance and 22 per cent had
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abnormal thermograms. The subsequent histories of 172 cancer patients
 
examined 

thermographically have been analysed and three-year survival rates
 
have been correlated with 

thermography report, the clinical stage of the
 
disease and the histotogical grade (Bloom, 1950) of 

the excised tumour. The
 
mean three-year survival rates for patients with Stage II or Stage III

 

cancer are 84 per cent for those with normal and 61 per cent for those with
 
abnormal 

thermograms.  
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Emerging technologies in breast cancer detection. 
 

Smith AP, Hall PA, Marcello DM. 
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While screening mammography is recognized as the most effective method for early detection of breast 

cancer, this modality has limitations that are the driving force behind efforts to refine existing 

mammography technologies and develop new ones offering improved detection of breast cancer. Full-

field digital mammography (FFDM) systems use digital detectors to convert x-ray photons to digital 

signals for display on high-resolution monitors. These systems offer capabilities not provided by 

conventional film-screen mammography. Contrast-enhanced mammography utilizes the basic biological 

principle that aggressive cancers are associated with increased vascularity. Iodinated contrast agents--

the same used in computed tomography (CT) examinations--are administered through an injection in a 

vein usually in the arm. They distribute throughout the blood system, and x-ray imaging shows increased 

contrast in areas where they concentrate. Tomosynthesis acquisition involves acquiring multiple images 

of a stationary compressed breast at different angles during a short scan. The individual images are then 

reconstructed into a 3D series of thin high-resolution slices. The slices can be displayed individually or in 

a dynamic ciné mode. The individual slices reduce tissue overlap and structure noise relative to standard 

2D projection mammography, with a total dose comparable to that required for standard screening 

mammography. Initial efforts are underway to develop prototype systems to achieve high-resolution, 

whole-breast 3D ultrasound images that are co-registered with digital mammograms. This technology 

has the potential to improve specificity in breast imaging studies, particularly in dense breasts. 

Computer-aided detection (CAD) programs are intended to help radiologists identify suspicious lesions 

that may otherwise be overlooked. CAD software works similarly to a spellchecker and has the potential 

to increase the detection of cancer Magnetic resonanace imaging (MRI) is a generally accepted 
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diagnostic procedure for a number of breast related indications. Its greatest strength is that it is very 

sensitive to tumors. If a suspected area does not exhibit contrast agent uptake, the probability that it is 

malignant is very small. Conversely, its specificity is poorer. If the area does show enhancement, it may 

or may not be a tumor. Further imaging or biopsy may be needed to resolve the question. Ultrasound 

holds promise as a method for detection of cancers in women with dense breast tissue, which is often 

problematic with conventional film-screen mammography. Ultrasound has also assumed an important 

role in breast imaging, as an adjunct to diagnostic mammography for biopsy guidance, palpable mass 

evaluation, and serial evaluation of benign masses. 
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Abstract  

Breast cancer is a dreadful disease among women and early detection helps in achieving a 
cure. The mammogram is presently the standard tool for detecting breast abnormality, but its 
sensitivity is lower for women with dense breasts. It has been found that women with an 
abnormal thermogram are at a higher risk and have a poorer prognosis. However, performing 
and interpreting thermograms requires meticulous training. Computer simulations can be an 
additional tool to help the clinician in the interpretation. In this paper, a novel and flexible finite 
element model of a female breast is developed. Both steady state and time-dependent solutions 
are obtained. Steady state solutions globally match experimental thermographic results with the 
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proper choice of blood perfusion source terms, tissue thickness and geometric scaling factor. 
Although the simulations may not be useful in providing a unique solution (i.e. exact size and 
location of the tumour owing to the complex physiological relationship between the tumour and 
the breast surface temperature), it would nevertheless help in the 'analysis by elimination'. An 
example of this type of analysis is also presented. 
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Nonmammographic breast imaging techniques. 
 

Heywang-Köbrunner SH. 

 

Klinikum Grosshadern, University of Munich, FRG. 

 

Significant progress in early detection of malignancy has been achieved by the improvement of 

mammographic technique, the introduction of quality control, the demonstration of benefits from 

screening, and appropriate application of supplementary methods such as ultrasound, cytology, and 

stereotaxis. Certain problems in breast imaging, however, are still unsolved. These include early 

detection and exclusion of malignancy without microcalcifications in mammographically dense tissue 

(particularly in younger women), the still-limited accuracy of mammographic signs, and the 

management of diagnostic problems after surgery, radiation therapy, or silicone implants. Therefore, 

research is needed to further improve diagnostic capabilities. The research can be subdivided into 

different approaches: 1) further development of the mammographic technique (digital luminescence 

radiography); 2) evaluation of techniques that image other physical tissue properties (sonography, 

thermography, trans-illumination, CT, non-contrast-enhanced MR imaging, biomagnetism, 

biostereometry, and ductoscopy); 3) investigation of techniques that image metabolic changes (MR 

spectroscopy, positron-emission tomography) or metabolism-induced differences in perfusion or 

vascularity (Doppler ultrasound, contrast-enhanced MR imaging); and 4) development of techniques 

that attempt tissue diagnosis using monoclonal antibodies. Among these techniques, digital 

luminescence radiography and contrast-enhanced MR imaging are the most developed and the most 

promising. They are at the threshold of becoming clinically important. Doppler ultrasound could be 

useful for certain indications. Whereas MR spectroscopy, positron-emission tomography, the search for 

appropriate antibodies, and possibly transillumination, ductoscopy, and biomagnetism offer interesting 

new aspects for research, the value of CT, thermography, and biostereometry is not yet established. 
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The calculation of skin temperature distributions in thermography 

Janet W Draper et al 1971 Phys. Med. Biol. 16 201-211   doi:10.1088/0031-9155/16/2/301 

Janet W Draper and J W Boag 

Department of Physics, Institute of Cancer Research, The Royal Marsden Hospital, Fulham 

Road, London, SW3, England  

Abstract. Before calculating the thermal patterns arising from buried heat sources, the factors 

which control heat loss from the skin and heat transport within tissue are first reviewed and the 

relevant thermal constants estimated. The various modes of heat loss from the skin seem to be 

adequately approximated by Newton's law. Temperature distributions due to conduction from 

veins and tumours are then derived, using line-source and point-source models respectively. 

Print publication: Issue 2 (April 1971) 

Received 29 May 1970  
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The thermographic pattern of the human female breast in health
 
is sufficiently constant so that it 

can be readily identified
 
in an individual not only from week to week during the menstrual

 
cycle, 

but actually from year to year. There is frequently a
 
dissimilarity in the patterns of the two 

breasts of an individual. 

In
 
only half of the cases studied was there an indication of correlation

 
of the thermogram with the 

phase of the menstrual cycle. 

The
 
question is posed whether the establishment of a baseline thermogram

 
might be important for 

comparison purposes at a future time
 
for either an annual breast survey or examinations for 

clinical
 
symptoms. 
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Detection of early breast cancer: an overview and future prospects. 
 

Zhou XH, Gordon R. 

 

Department of Electrical Engineering, University of Manitoba, Winnipeg, Canada. 

 

Detection and treatment of breast cancer at an early stage is the only method with proven potential for 

lowering the death rate from this disease. Detection of early breast cancer is promoted by the American 

Cancer Society, American College of Radiology, and Canadian Association of Radiologists by encouraging 

the regular use of three types of screening: breast self-examination, clinical breast examination, and 

mammography. When all factors are considered, it has been convincingly demonstrated that the 

potential benefits of mammography far outweigh the minimal, clinically undetected radiation risk 

incurred by the examination. New technologies, such as computed tomography, magnetic resonance 

imaging, transillumination diaphanography, ultrasound, thermography, and digital subtraction 

angiography might offer a wide selection for patient examination. However, none of these procedures, 

in its present form, is expected to replace mammography as the first-line imaging technique for the 

detection and diagnosis of benign and malignant breast lesions. Breast cancer is detected now, in most 

cases, via casual or informed breast self-examination. This first-line of detection is not sufficient, since 

most tumors may metastasize before they reach a palpable size. Mammography generally shows up 

tumors no smaller than 1-cm diameter, which in many cases have already metastasized. The more 

advanced imaging modalities in their current forms suffer from a number of drawbacks that give them a 

lower overall detection rate than mammography. Understandably, improving breast imaging modalities 

is a great challenge to diagnostic radiology. The purpose of this article is to provide a comprehensive 

overview of the detection of early breast cancer. It briefly discusses the understanding of breast cancer, 

its incidence, and the mortality and survival of patients with breast cancer, as well as screening 

programs for breast cancer. We review the developments in mammography and other breast imaging 

modalities over the last several years. Prospects for digital mammography, digital image enhancement, 

and three-dimensional digital subtraction mammography, which may someday supplant film 

mammography, are also discussed. 
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Abstract  

Thermography is an non-invasive and a painless tool for the detection of breast cancer. However, 

performing and interpreting thermograms requires meticulous training. It was found that women with 

an abnormal thermogram are at a higher risk and have a poorer prognosis. One of the main drawbacks 

of the thermogram is the high incidence of false-positive results. The authors believe that the fault lies 

in misinterpretation of the thermogram, rather than the thermogram itself. The paper aims to show that 

computer simulations could be an adjunct tool to help the clinician in the interpretation. This would 

greatly reduce the false-positive diagnosis.  
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Microwave thermography in the detection of breast cancer  
AH Barrett, PC Myers, and NL Sadowsky  

Microwave thermography, a method of sensing subcutaneous temperatures, was used in a breast 

cancer detection study of about 5,000 female patients. The data were taken at wavelengths of 9.1 

and 23 cm. Microwave thermography at 23 cm has true-positive and true-negative detection rates 

of 0.8 and 0.6, respectively, comparable to those of infrared thermography (0.7) and inferior to 

those of xeromammography (0.9). However, a potential advantage results if microwave and 

infrared thermography are used together for screening, and if mammography is used only for 
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follow-up on those patients who were positive on either the microwave or the infrared 

thermograms. It is then possible to obtain true-positive and true-negative detection rates of 0.9 

and 0.9, respectively, while only half the number of patients need be subjected to x-rays.  
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Circadian rhythm chaos: a new breast cancer marker. 
 

Keith LG, Oleszczuk JJ, Laguens M. 

 

Department of Obstetrics and Gynecology, Northwestern University Medical School, Chicago, Illinois, 
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The most disappointing aspect of breast cancer treatment as a public health issue has been the failure of 

screening to improve mortality figures. Since treatment of late-stage cancer has indeed advanced, 

mortality can only be decreased by improving the rate of early diagnosis. From the mid-1950s to the 

mid-1970s, it was expected that thermography would hold the key to breast cancer detection, as surface 

temperature increases overlying malignant tumors had been demonstrated by thermographic imaging. 

Unfortunately, detection of the 1-3 degrees C thermal differences failed to bear out its promise in early 

identification of cancer. In the intervening two-and-a-half decades, three new factors have emerged: it is 

now apparent that breast cancer has a lengthy genesis; a long-established tumor-even one of a certain 

minimum size-induces increased arterial/capillary vascularity in its vicinity; and thermal variations that 

characterize tissue metabolism are circadian ("about 24 hours") in periodicity. This paper reviews the 

evidence for a connection between disturbances of circadian rhythms and breast cancer. Furthermore, a 

scheme is proposed in which circadian rhythm "chaos" is taken as a signal of high risk for breast cancer 

even in the absence of mammographic evidence of neoplasm or a palpable tumor. Recent studies along 

this line suggest that an abnormal thermal sign, in the light of our present knowledge of breast cancer, is 

ten times as important an indication as is family history data. 
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The thermal scanning of a curved isothermal surface: implications for 

clinical thermography 
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D J Watmough, Patricia W Fowler and R Oliver 
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Abstract. In clinical thermography the amount of heat energy received by the detector is 

interpreted in terms of a distribution of skin temperature but it also depends on the emissivity of 

the surface. It has been concluded previously that the emissivity in the range 2-5 μm for skin at 

normal incidence is about 0.98, and that variations are not likely to represent a difference in 

apparent temperature of more than ±0.5°C. However, theoretical considerations are presented for 

the variation of emissivity with the angle at which the surface is viewed. These indicate a 

significant fall in emissivity as the angle to the normal is increased beyond 90°, corresponding to 

a reduction of 4°C or more in apparent surface temperature. Thus it would be possible for a 'hot 

spot' associated with significant pathology to remain undetected on a surface viewed obliquely. 

Examples of this obliquity effect in clinical and experimental thermographs are demonstrated. 

Print publication: Issue 1 (January 1970) 
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Current imaging modalities for the diagnosis of breast cancer. 
 

Edell SL, Eisen MD. 

 

Women's Imaging Center, Delaware Spect Imaging Center, USA. 

 

Although mammography still remains the gold standard for breast cancer screening and diagnosis, it 

typically cannot differentiate benign from malignant disease and is less accurate in patients with dense 

glandular breasts. This article is an overview of imaging modalities that have emerged to augment 

mammography and improve the accuracy of non-invasive breast cancer diagnosis. Ultrasound is 

currently used to differentiate breast masses and guide aspirations and biopsies. Magnetic resonance 

imaging has excellent sensitivity in demonstrating breast cancer but a low specificity. Nuclear medicine 

studies have recently emerged that detect the increased metabolic rate and vascularity of breast 

cancers. Other modalities, such as thermography and computed tomography, have a more limited utility 

for breast cancer diagnosis. Digital mammography is among other emerging technological 

advancements that will continue to develop and improve the accuracy of breast cancer diagnosis in the 

future. 
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Abstract. This review is concerned principally with the physical aspects of the various methods 

of breast imaging that may be used to assist in the diagnosis of primary breast disease, and with 

the way in which they relate to each other.  
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Thermography is a passive process completely safe and applicable
 
to serial evaluations. The 

procedure is simple to perform, is
 
painless, and requires no preparation. Instruments capable of

 

producing thermograms in a fraction of a second are now available.
 
As the very recent 

development of color thermography indicates,
 
we can expect continued improvements in 

technology which will
 
facilitate its medical applications. It is reasonable to assume

 
that as more 

information is gained concerning thermobiology
 
and the process of thermal pattern production 

the accuracy of
 
thermogram evaluation will improve. 

Available data indicate
 
a high degree of sensitivity for thermography. When combined

 
with 

physical examination no cancers were missed. The total
 
number of reported cases is still small 

from a statistical point
 
of view and the percentages reported may change as larger studies

 
become 

available for analysis. However, it is believed that
 
the composite set of data contained in this 

report indicates
 
the diagnostic potential of this modality. 

Encouraging was the
 
detection of two lesions by thermography while they were still

 
nonpalpable, 

and a sensitivity rate of 86.9 percent argues favorably
 
for thermography's use as a screening tool. 
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Thermography as a predictor of prognosis in cancer of the breast. 
 
Sterns EE, Zee B. 
 
Department of Surgery, Queens University, Kingston, Ontario, Canada. 
 
Although thermography is generally considered to lack sufficient sensitivity to be a useful in diagnosis of 
cancer of the breast, the association of a thermal abnormality with some breast cancers cannot be 
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discounted. Breast cancers demonstrating such a thermographic abnormality have been reported to be 
associated with decreased survival when compared with patients with no such change. In a study of 214 
patients confirmed to have breast cancer without distant metastases, 121 were found to have a 
thermographic abnormality. Patients whose tumors were thermographically abnormal had significantly 
larger primary lesions and a higher proportion of metastatic axillary lymph nodes. However, both the 5-
year survival and the 5-year disease-free survival were not significantly different from patients who had 
no thermographic abnormality. 
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Cancer in the "cold" breast thermogram  
HJ Isard  

The hallmark of the normal breast thermogram is relative symmetry of vascular configuration 

and thermal content with preservation of the breast contour. Accepted criteria of abnormality are 

predicated upon graphic and thermal asymmetry with emphasis placed upon elevated 

temperature, an increase in the number of discernible vessels, and distorted vascular patterns. 

The association of a confirmed breast cancer and an avascular thermogram has been labeled a 

false negative. Avascularity ("cold" breast), particularly in the lower half, with normal vessels in 

the same location of the opposite breast is suggested as an additional characteristic of 

abnormality. Illustrative cases are presented.  
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Thermography in the detection of breast cancer. 
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Breast cancer is an equal opportunity killer in that as many as 60%–70% of breast cancer patients have 
no obvious risk factor(s). Thus, the continued reliance on the importance of risk factors to initiate 
screening programs may inhibit further inquiry into better diagnostic and prognostic indicators. An 
extensive review of past and recent literature reveals that mammography is not an objective examination. 
Its use as a screening tool is facilitated among women 40 years old and older whose breast tissue is 
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primarily fatty and provides better visualization. Younger women are not generally advised to use 
mammography because of its potentially hazardous effects associated with repeated use of radiation. 
More importantly, regardless of patient age, radiologists interpret mammograms, and different degrees of 
interpretation error exist for different radiologists as well as for the same radiologist performing the 
analysis after a period of time. Thus, the use of mammography as the sole screening tool does not 
provide patients or physicians with a sense of confidence about sensitivity and specificity. Further, recent 
enthusiasm to promote mammography screening may give women unrealistic expectations, leading them 
to falsely believe that a negative examination is assurance that cancer is not present in its earliest 
detectable stage. We propose to supplement the physical examination and mammography with a third 
screening modality based on thermal detection monitors. This is a noninvasive and nonradiogenic tool 
and might enable clinicians to provide patients with every opportunity for early diagnosis.  
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A
 
bioheat-transfer-based numerical model was utilized to study the energy balance

 
in healthy and 

malignant breasts subjected to forced convection in
 
a wind tunnel. Steady-state temperature 

distributions on the skin surface
 
of the breasts were obtained by numerically solving the 

conjugate
 
heat transfer problem. Parametric studies on the influences of the

 
airflow on the skin 

thermal expression of tumors were performed.
 
It was found that the presence of tumor may not

 

be clearly shown due to the irregularities of the skin
 
temperature distribution induced by the 

airflow field. Nevertheless, image subtraction
 
techniques could be employed to eliminate the 

effects of the
 
flow field and thermal noise and significantly improve the thermal

 
signature of the 

tumor on the skin surface. Inclusion of
 
the possible skin vascular response to cold stress caused 
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by
 
the airflow further enhances the signal, especially for deeply embedded

 
tumors that otherwise 

may not be detectable.  
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Staging and therapy monitoring of malignant lymphomas relies heavily on imaging using 
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size criteria from computed tomography (CT) and sometimes non-specific radionuclide 
studies to assess the activity of the disease. Treatment decisions are based on early 
assessment 
of the response to therapy and the residual volume of the disease. Our initial experience 
is reported using a new noninvasive, inexpensive, and reproducible passive imaging modality, 
Dynamic Infrared Imaging (DIRI), which may add a new dimension to functional imaging. This 
system relies on its ability to filter the raw infrared signal using biological oscillatory behavior. It 
detects and analyzes minute oscillations of temperature and heat distribution in tumors. 
Introduction 
The treatment of malignant lymphomas depends heavily on imaging at the time 
of staging. With the progress in therapy there is an increasing demand for more 
frequent and accurate monitoring of the early response to treatment, as well as 
the detection of toxicity of chemotherapy. Early assessment of response and toxicity 
will allow more timely changes in the treatment of patients who are not 
responding, and may enhance the chances of decreasing toxic side effects and 
ultimately increase the prospect for a cure. Functional imaging techniques are 
becoming more widely accepted for this purpose, and imaging modalities using 
Ga-67 or FDG-PET show very promising results in this regard (1-5). Some studies 
suggest that very early restaging – as early as after one cycle of therapy – may 
be predictive of the treatment success or failure (1, 6). PET likewise, has been 
employed in the early monitoring of lymphoma patients on radio-immunotherapy 
(7). PET assessment of tumor glucose or amino acid metabolism with F-18 
FDG, C-11 Thyrosin PET, C-11 cystein PET have shown very encouraging 
results in a variety of tumors, although larger studies are needed to confirm this 
concept (3, 7-9). Our report on this new imaging modality, Dynamic Infrared 
Imaging (DIRI) is based on our working hypothesis that tumors can be detectable 

as areas of long-wave (8-10m) infrared photon flux that exhibit significantly 
different temporal behavior when compared to non-diseased tissue. 
In this study, we compare the ability of Dynamic Infrared Imaging (DIRI) to 
depict tumor masses in lymphoma patients for staging and therapy monitoring 
against CT, Ga-67 and FDG–PET. 
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Breast Cancer: New Technologies for Risk Assessment and Diagnosis.  
Special Article  

Molecular Diagnosis. 7(1):49-55, 2003. 
Wright, Tracey; McGechan, Adam  
Abstract:  
In the US, one in every eight women will develop breast cancer in her lifetime. Despite the 
advances made in treating breast cancer, the causal mechanisms underlying this disease have 
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yet to be fully elucidated; 85% of breast cancer cases occur sporadically without any known 
genetic mutation.  

Too little is known about the pathogenesis of breast cancer for primary prevention to be feasible 
in the near- to mid-term. Secondary prevention through screening offers an alternative that has 
been widely adopted. For decades, breast self-examination has been touted as a technique for 
the early identification of breast cancer. However, it has been recently suggested that this 
technique is a waste of time and resources for both doctors and patients.  

Mammography finds breast cancer earlier than breast self-examination, and will reduce the risk 
of death from breast cancer by approximately 30% in women over 50 years old. Mammography 
is limited in that cancer, like breast tissue, appears white on the x-ray; therefore lesions may be 
difficult to detect in women with very dense breasts, and a tumor may not cast a significant 
shadow until it is quite large. Some cancers are so aggressive that they can spread quickly, 
before routine screening can detect them. Despite these limitations, mammography is still 
viewed as the best tool currently available for screening and early diagnosis.  

Improved methods to detect and diagnose breast cancer early, when it is most curable, are 
required if a significant impact on morbidity and mortality from breast cancer is to be made. 
Various new and innovative technologies are being investigated for improving the early 
detection and diagnosis of breast cancer. About 85% of breast cancers begin in the milk ductal 
system of the breast. As cancer develops in the breast, abnormalities occur, including atypical 
hyperplasia, ductal carcinoma in situ, and invasive breast carcinoma. Thus, the early screening 
of ductal cells can provide a parallel benefit to the 'Pap' smear, which is used virtually 
universally to identify the abnormal cells that can lead to cervical cancer. Two technologies to 
monitor for atypical ductal epithelial cells are Cytyc Corporation's FirstCyte(TM) Ductal Lavage 
system and Nastech Pharmaceutical Company's Mammary Aspiration Cytology Test.  

Matritech, Inc. is searching for biomarkers linked to breast cancer. Researchers at Matritech 
have detected the presence of nuclear matrix protein (NMP) in the blood of women at the early 
stage of breast cancer, which is absent in the blood of healthy women, as well as those with 
fibroadenoma, a benign breast disease. NMP66 has been selected as a marker for further 
development and clinical trials of a test for use in the detection and monitoring of women with, 
or at risk for, breast cancer have been initiated.  

Technologies developed by the US Department of Defense are under investigation as breast 
cancer screening. Advanced Image Enhancement, Inc. has licensed naval sonar technology for 
digital image enhancement of mammograms. New thermography applications are also being 
investigated in two separate projects sponsored by the US Department of Defense using military 
thermal surveillance tools adapted for cancer detection. Both are enhancements of older 
thermal imaging technology based on the principle that heat equates to unwanted activity, in the 
case of breast cancer, abnormal cell proliferation.  

Copyright 2003 Adis International  
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Abstract  

It is well known that malignant tumour tissue generally has higher metabolic and blood perfusion rates than most 
normal tissues. The authors aim to show that the tissue temperature profile within the breast and the surface 
temperature profile can be quantified to develop an expert system or diagnostic tool for breast cancer detection. The 
surface temperature and tissue temperature profiles are analysed for a three-dimensional numerical model of a 
normal breast and a breast with a tumour. Tumours of different sizes are placed at various locations. In the model, 
the tissue temperature profile is distorted at the tumour location and was found to compare well with in vivo tests. It 
was also found that as the tumour was moved to deeper locations its effect on surface temperature was lower. It was 
observed that small tumours in deeper regions do not have a significant isolated impact on the surface. The 
numerical results could also capture a shift in the position of the tumour. For tumours greater than 10mm in the 
superficial regions and of significant size in deeper regions, it could be seen that the surface temperature distribution 
of the breast is directly related to the position and size of the tumour embedded in it. The feasibility of providing a 
diagnostic tool in conjunction with numerical modelling and high-resolution thermograms is also discussed. 
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[Thermographic diagnosis of breast disease] 
 

[Article in Japanese] 

 

Usuki H, Takashima S, Saeki H, Moriwaki S. 

 

Breast thermography was applied to 372 patients (49 with breast cancer and 323 with benign disease) 

between June 1984 and May 1985 at this Cancer Center. The thermographic findings obtained were 
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quantitated and subjected to multivariate analysis to establish the diagnostic criteria for breast 

thermography. The result of diagnosis using the criteria revealed 87.8% as the sensitivity ratio and 

67.8% as the specificity ratio. Even nonpalpable breast cancer could be diagnosed correctly. These facts 

and the noninvasive characteristics of this method indicate its validity as a screening test. 
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Abstract  

Breast cancer is the number one killer disease among women. It is known that early detection of a tumour ensures 
better prognosis and higher survival rate. In this paper an intelligent, inexpensive and non-invasive diagnostic tool is 
developed for aiding breast cancer detection objectively. This tool is based on thermographic scanning of the breast 
surface in conjunction with numerical simulation of the breast using the bioheat equation. The medical applications of 
thermographic scanning make use of the skin temperature as an indication of an underlying pathological process. 
The thermal pattern over a breast tumour reflects the vascular reaction to the abnormality. Hence an abnormal 
temperature pattern may be an indicator of an underlying tumour. 

Seven important parameters are identified and analysis of variance (ANOVA) is performed using a 2
n
 design (n = 

number of parameters, 7). The effect and importance of the various parameters are analysed. Based on the above 2
7
 

design, the Taguchi method is used to optimize the parameters in order to ensure the signal from the tumour 
maximized compared with the noise from the other factors. The model predicts that the ideal setting for capturing the 
signal from the tumour is when the patient is at basal metabolic activity with a correspondingly lower subcutaneous 
perfusion in a low temperature environment. 
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Thermography in screening for breast cancer 

KL Williams, BH Phillips, PA Jones, SA Beaman and PJ Fleming  
Royal United Hospital, Bath, Avon, United Kingdom.  

STUDY OBJECTIVE--The aim of the study was to determine whether thermography
 
could be 

used to identify women with breast cancer or women at risk of
 
developing the disease within five 

years. DESIGN-- Women were screened for
 
breast cancer and a documentary follow up was 

conducted five years later
 
through general practitioner records. SETTING--The project involved 

Women
 
resident in the Bath District Health Authority area, who were invited to

 
attend a breast 

screening clinic. SUBJECTS--10,238 women aged between 40
 
and 65 were screened. Of these, 

4284 accepted personal letters of
 
invitation from their general practitioners and 5954 volunteered 

to take
 
part in the project in response to publicity; 9819 (96.5%) were traced

 
after five years. 

MEASUREMENTS AND MAIN RESULTS--All the women had a
 
thermographic and clinical 

examination of their breasts. If either
 
examination was abnormal they were referred for 

mammography. Sensitivity of
 
thermography was found to be 61% and specificity 74%. A 

documentary follow
 
up of each woman was conducted five years later, when it was found that

 

71.6% of the women who developed breast cancer had had a normal thermogram
 
at the time of 

examination, as did 73% of those who did not.
 
CONCLUSIONS--Thermography is not 

sufficiently sensitive to be used as a
 
screening test for breast cancer, nor is it useful as an 

indicator of risk
 
of developing the disease within five years.  

  Copyright © 1990 by the Journal of Epidemiology and Community Health  
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Prognosis and post-therapeutic follow-up of breast cancers by 

thermography. 
 

Gros C, Gautherie M, Bourjat P. 

 

Statistical analysis of approximately 800 cases of breast cancer followed up for at least 3-5 years with 

careful correlation between mammography, thermography and clinical data has confirmed the accuracy 

and indispensable use of thermography for prognosis and follow-up. Pre-therapeutic prognosis. Strong 

correlations exist between the thermographic class and survival for T1, T2 and T3 cancers, confirming 

the contribution of thermography in therapeutic decision. Thus, a T1 cancer should be treated 

differently depending on the thermographic findings. Post-irradiation follow-up. Correlations exist 

between the development of thermic anomalies and the effect of irradiation on the cancer, showing the 

possibility of confirming sterilization or early detection of a recurrence. This is valid only if the thermic 

effects of radiation on the skin and gland are recognized and discounted. 
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Surface Temperature Distribution of a Breast With and Without Tumour. 
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Singapore 639798. 

 

Breast cancer is a common and dreadful disease in women. Regular screening helps in its early 

detection. At present the most common methods of screening are by self examination and 

mammography. The surface temperature distribution of the breast can also provide some information 

on the presence of tumour. This distribution has a relation to the size and location of tumour and can be 

seen using thermography, where the infrared radiation emitted from the surface of the breast is 

recorded and a thermal pattern obtained. Thermography is a non-invasive and an inexpensive tool 

which could be used for early detection. In order to simulate the surface temperature distribution, a 

two-dimensional model of female breast with and without a carcinoma is considered. The breast is 

modelled with varying layer thickness close to the actual shape and numerically solved using finite 

element analysis. Temperature profiles are obtained for a normal breast and for a malignant one by 

varying the tumour size, location and the blood flow rates. The results show that the surface 

temperature for a malignant breast is higher than that of a normal one. In addition the size and location 
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of the tumour do have an effect on the surface temperature distribution. It can also be seen that 

tumour of different sizes placed at the same location would yield the same maximum temperature 

depending on the blood perfusion rate. 
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Abstract 

It is now recognised that the breast exhibits a circadian rhythm which reflects its physiology. There is 

increasing evidence that rhythms associated with malignant cells proliferation are largely non-circadian 

and that a circadian to ultradian shift may be a general correlation to neoplasia.  

Cancer development appears to generate its own thermal signatures and the complexity of these signatures may be 

a reflection of its degree of development. 

The limitations of mammography as a screening modality especially in young women with dense breasts 

necessitated the development of novel and more effective screening strategies with a high sensitivity and specificity. 

Dynamic thermal analysis of the breast is a safe, non invasive approach that seems to be sensitive for the early 

detection of breast cancer. 

This article focuses on dynamic thermal analysis as an evolving method in breast cancer detection in pre-

menopausal women with dense breast tissue. Prospective multi-centre trials are required to validate this promising 

modality in screening. 

The issue of false positives require further investigation using molecular genetic markers of malignancy and novel 

techniques such as mammary ductoscopy. 
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The early diagnosis of breast cancer. 
 

Scanlon EF. 

 

Changes in the breast begin at the time of puberty because of the cyclical influence of ovarian 

hormones. This intermittent stimulation usually results in some nodularity of the breast by the time a 

woman reaches 30 and frequently at an earlier age. The real importance of fibrocystic disease is related 

to the problem of differential diagnosis of benign from malignant lumps. Mammography has become 

the standard method for detecting lumps in the early, nonpalpable stage, but refinements in 

thermography, ultrasound, and CT scanning may become more useful. Considerable work is apparently 

being done on various chemical markets, but at the present time, they are not sufficiently reliable for 

routine clinical use. Fine needle aspiration biopsy with cytologic analysis has become more popular as a 

detection method, and core needle biopsies with histology are sometimes used. Analysis of nipple 

secretions for chemical markers or for cytologic diagnosis may become more reliable. A combination of 

factors will probably give the best results, at least in the foreseeable future, and the judgment of an 

informed and skilled examiner will remain the best method for the detection of early breast cancer for 

many years to come. 
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Abstract 

Changes of skin temperature (T°) of the nose area during nasal provocation tests with histamine 

and allergen were followed by means of an infrared thermography camera. By a colimator 

system in which temperatures measured on a given surface can be integrated and averaged, 

thermography allows the continuous and quantitative recording of the temperature during the 

whole procedure in a completely noninvasive way. In 10 normal subjects, increasing doses of 

histamine induced a dose-dependent rise of the nose external temperature. No significant 

change was observed with the vehicle solution. In six subjects allergic to grass pollen, the 

nebulization of increasing concentrations of a pollen extract induced a dose-dependent rise in T°. 

The T° rise observed after histamine or allergen corresponded to a marked nasal obstruction. 

The nebulization of the highest dose of the pollen extract did not induce any T° rise in six 

nonallergic subjects. The continuous recording of the skin temperature by a noninvasive method 

might yield additional information on the vascular changes rapidly occurring during nasal 
challenges. 
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Abstract 

Background: Following the severe acute respiratory syndrome (SARS) outbreak, remote-

sensing infrared thermography (IRT) has been advocated as a possible means of screening for 

fever in travelers at airports and border crossings, but its applicability has not been established. 

We therefore set out to evaluate (1) the feasibility of IRT imaging to identify subjects with fever, 

and (2) the optimal instrumental configuration and validity for such testing. 

Methods: Over a 20-day inclusive period, 176 subjects (49 hospital inpatients without SARS or 

suspected SARS, 99 health clinic attendees and 28 healthy volunteers) were recruited. Remotely 

sensed IRT readings were obtained from various parts of the front and side of the face (at 

distances of 1.5 and 0.5m), and compared to concurrently determined body temperature 

measurements using conventional means (aural tympanic IRT and oral mercury thermometry). 

The resulting data were submitted to linear regression/correlation and sensitivity analyses. All 

recruits gave prior informed consent and our Faculty Institutional Review Board approved the 
protocol. 

Results: Optimal correlations were found between conventionally measured body temperatures 

and IRT readings from (1) the front of the face at 1.5m with the mouth open (r=0.80), (2) the 

ear at 0.5m (r=0.79), and (3) the side of the face at 1.5m (r=0.76). Average IRT readings from 

the forehead and elsewhere were 1°C to 2°C lower and correlated less well. Ear IRT readings at 

0.5m yielded the narrowest confidence intervals and could be used to predict conventional body 
temperature readings of ≤38°C with a sensitivity and specificity of 83% and 88% respectively. 

Conclusions: IRT readings from the side of the face, especially from the ear at 0.5m, yielded 

the most reliable, precise and consistent estimates of conventionally determined body 

temperatures. Our results have important implications for walk-through IRT scanning/screening 

systems at airports and border crossings, particularly as the point prevalence of fever in such 

subjects would be very low. 
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