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Abstract

The usage of infrared thermal imaging (IRT) for breast cancer (BC) diagnosis has been its first medical
application, but its feasibility is still a debatable question. It is aim of this research study conducted in a cancer
hospital to relate the thermal findings with the information retrieved from other medical imaging modalities. It was
found that there is no relationship between the thermal variables and location depth (p=0.2), size (p=0.56),
malignant stage (p=0.56) and identification of lesion type (p>0.05). Conclusion supports that static IRT is not
adequate for BC identification. However, further research is required to prove the adequacy of dynamic IRT and
usage of intelligent analysis methods.

1. Introduction

Since its introduction into the field of biomedical research, infrared thermography (IRT) has been applied
to the identification of breast cancer (BC) [1]. Throughout the decades, this practice has always been the subject of
debate, attracting both enthusiasts and sceptics. One of the primary contributions of IRT to BC identification is its
ability to overcome the diagnostic limitations of mammography, poor sensitivity and side effects, in women with
dense breast tissue [2]. It also made a major contribution as a complementary screening modality for younger
women and those with fibrocystic breasts, a demographic where traditional anatomical screening is often
inconclusive [2]. Another great contribution is the validation of angiogenesis as a detectable physiological biomarker
prior to anatomical change, allowing for the identification of "at-risk" patients who require closer monitoring before
a lesion becomes visible on ultrasound or mammography [3, 4]. The Breast Cancer Detection Demonstration Project
(BCDDP), a large-scale clinical trial intended to validate thermography as a primary screening tool alongside
mammography, revealed a critical failure in sensitivity, particularly for identifying non-palpable, early-stage cancers.
Indicating that thermography had a high false-positive rate and missed a substantial number of small tumours that
were clearly visible on mammograms [5]. A major study by Williams and his team [6] demonstrated that while
thermography could detect large, metabolically active tumours, it failed to distinguish malignancy from benign
inflammatory conditions such as mastitis or fibroadenomas, presenting inconsistent diagnostic specificity. In cohort
research [6] of over 10,000 women, it was reported a IRT sensitivity of only 43% for cancers under 1 cm, concluding
that thermography was ineffective for early detection and led to unacceptable rates of unnecessary follow-up
biopsies. Two systematic reviews on the diagnostic accuracy of IRT on identifying BC [7, 8] found that the quality
of research was generally poor, with wide variations in reported sensitivity (25% to 97%) and specificity (12% to
85%), concluding that there was insufficient evidence to support the use of IRT as a screening tool or even as an
adjunct to mammography.

IRT imaging has attracted periodic attention for BC identification since the mid-twentieth century. The core
idea is straightforward: malignant tissue may be associated with altered vascular patterns, angiogenesis, and local
metabolic changes that produce measurable differences in surface temperature. Thermography captures this
emitted infrared radiation without physical contact or ionizing radiation. Historically, breast thermography fell out of
favour because early devices, inconsistent protocols, and subjective interpretation produced contradictory findings.
However, improvements in digital long-wave infrared sensors, image acquisition standards, and study design have
renewed interest in the technique [9]. The most important recent synthesis is the 2024 systematic review and meta-
analysis of breast thermography [9] searched clinical studies published from 2001 through May 31, 2023, and
included 22 studies that evaluated digital long-wave infrared imaging for breast cancer detection. The pooled
sensitivity was 88.5%, while pooled specificity was 71.8%. These figures are encouraging, especially from a
screening-oriented perspective, because high sensitivity is desirable in early detection. The same review [9]
emphasized that newer studies appear more favourable than older studies. Specificity improved over time, and
several recent investigations reported combined sensitivity and specificity approaching standard diagnostic tests.
Yet the authors also noted that many studies remained small and were often conducted in patients already
presenting with suspicious masses requiring biopsy, rather than in asymptomatic screening populations. This is
important because study populations enriched for disease tend to inflate apparent diagnostic performance.
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A 2026 comparative study [10] evaluated infrared thermography alongside mammography in 34 breast
lesions. In this study, thermography achieved 75.0% sensitivity, 100% specificity, and 82.35% overall accuracy,
while mammography performed better overall. The authors concluded that thermography may be a useful adjunct,
especially in low-resource environments and among younger women with dense breasts, but not a standalone
diagnostic method. This pattern aligns with the broader literature: thermography may identify some suspicious cases
very well, but performance is too variable to support independent screening on its own.

The physical limitations of bio-heat transfer regarding deep-seated tumours means that IRT inherently fails
to detect non-palpable cancers located in the posterior regions of the breast, a failure that modern camera resolution
cannot fully mitigate [8]. However, recent studies utilizing artificial intelligence (Al) have identified complex thermal
patterns, such as vascular heterogenicity, that are invisible to the human eye, thereby increasing the overall
diagnostic accuracy of the modality [11].

To analyse breast images anatomically, it is common to use quadrants and the central region with the
nipple in the centre. The quadrants are upper outer quadrant (UOQ), upper inner quadrant (UIQ), lower outer
quadrant (LOQ), lower inner quadrant (LIQ) and they can be found on both breasts, being one breast the mirror of
the other according to main longitudinal axes of the body (see fig. 1).
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Fig. 1. The breast quadrants.

The most consistently reported finding is that both malignant and benign lesions are located most often in
the UOQ, largely because it contains more breast tissue than other regions. Considering only malignancy the cases
incidence per location based in the reported statistics is: 50-60% in the UOQ, 10-15% in the central region, 10-15%
in the UIQ, 5-10% in the LOQ, 5-7% in the LIQ and 14-16% in multiple regions. Considering the benign cases the
UOQ presents 50-60% of the incident cases [12-14].

The aim of the study was to determine whether IRT could be used to identify women already diagnosed
with BC using another medical imaging modalities.

2. Methodological Approach

For this research, 29 participants (women age = 59.7+12.1, BMI = 26.6£7.53) were screened with IRT
using a thermal camera FLIR E60 with a FPA size of 320x240, NETD of 50mk at 30°C and measurement uncertainty
of £2% or £2°C. Participants signed an informed consent, were acclimatized for 15 minutes prior examination in
a climatized room at the IPO (Portuguese Institute of Oncology) hospital in Porto. The study had approval from the
hospital ethical committee.

During examination one static frontal view image was taken. For thermal imaging assessment 5 regions
of interest (ROIs) at each breast were considered, one at the nipple and the other 4, one at each quadrant of the
breast (Fig. 2). Mean temperatures and bilateral differences were considered for the ROls.
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Fig. 2. The ROIs considered in this research study.
All participants were diagnosed with BC only in one side and had medical images (mammography,
ultrasound and PET) of the location, size and cancer stage. To statistically evaluate the relationship between the

thermal values, location, size and cancer stage, spearman correlation and Kruskal-Wallis test will be used to verify
the identification of the type of BC (benign or malignant).

3. Results and Discussion

The sample had 23 participants with malignant BC and 6 with benign BC, the location in breast quadrants
is shown in fig. 3, in the malignant BC the average tumour size was of 1.98 £ 1.12 cm, at an average distance from
the skin surface of 4.2 £ 2.7 cm and 5 participants were stage 3 and the other were stage 2.
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Fig. 3. The location in breast quadrants of the BC cases.

The table 1 presents the mean absolute temperature values difference between left and right ROI for each
breast quadrant for the malignant cases, since the nipple or central ROI did not had a patient affected it was
discarded. It can be observed that the highest bilateral difference is not always in the affected quadrant, as in the
case of the LOQ.
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Table 1. The mean temperature bilateral differences for the breast quadrants according to the malignant

tumour location.

Affected quadrant N uoQ ulQ LOQ LIQ

uoQ 12 1.1+£07 |03+£02 [04£04 | 07£05
ulQ 4 11+04 | 09+0.7 |0.7+0.7 |04 +0.2
LOQ 6 05+06 |06+06 [09+05 |06+05
LIQ 1 05+00 |11%£0.0 ]|00%+0.0|43%£0.0

The situation for the investigated benign cases is presented by the table 2. It can be verified the same

pattern of not showing the highest bilateral difference in the affected quadrant.

Table 2. The mean temperature bilateral differences for the breast quadrants according to the benign

tumour location.

Affected quadrant N uoQ ulQ LOQ LIQ

uoQ 3 08+06 |0.7x06 [05+01 | 0.3+04
ulQ 2 0.7+06 |09+09 [0.8+£0.2 | 0.5+01
LOQ 1 02+£00]02%£00 |04£00 |11%00

At table 3 are shown the statistics in comparing the correlation between temperature values measured
against tumour size, skin location depth and stage, and the statistical test to verify if based in the temperature values
for the quadrant ROls it was possible to discriminate between malignant and benign lesion.

Table 3. Statistics for the relations between quadrant ROI temperature and tumour size, depth location,
malignancy stage and discrimination between type of lesion.

Relation Value

Spearman correlation (ROl temperature vs tumour size) p =0.56
Spearman correlation (ROl temperature vs tumour depth location) p=0.2

Spearman correlation (ROl temperature vs malignancy stage) p=0.32
UOQ mean temperature vs type of lesion (benign or malignant) p=0.873
UIQ mean temperature vs type of lesion (benign or malignant) p =0.892
LOQ mean temperature vs type of lesion (benign or malignant) p =0.917
LIQ mean temperature vs type of lesion (benign or malignant) p =0.932

No statistical evidence of thermal association with the lesion depth (p=0.2), size (p=0.56), malignant stage
(p=0.56) and identification of lesion type (p>0.05) was found in the investigated sample. These findings are in line
with the literature [5, 6, 7, 8] that supports that static IRT by itself may not be specific enough to identify breast
cancer. Using dynamic IRT and Al methods as suggested by others [8, 9], it might be possible to identify
discriminating thermal markers if a control group is also considered.

4. Conclusion

Conducting this research in diagnosed patients with BC, knowing the location, size and cancer stage
allowed to test the feasibility of employing static IRT to assess its viability and contribute to demystifying whether it
would be possible to use IRT as a method for identifying BC. It can be concluded that it is not possible from the
obtained results that show no evidence of relationship between the thermal findings and the findings of other
medical imaging modalities. However, further research is needed applying dynamic IRT with intelligent analysis
methods to verify if this is the path that proves thermography is useful in aiding the diagnosis of BC.
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