
Sci Forschen
O p e n  H U B  f o r  S c i e n t i f i c  R e s e a r c h

Journal of 
Breast Cancer Research and Advancements 
ISSN 2638-3527 | Open Access

J Breast Cancer Res Adv  |  JBCRA 1

CASE REPORT

Contact Thermography as an Effective Tool for Detection of Breast Cancer in 
Women with Dense Breasts-A Case Report
Anna Ćwierz1, Agnieszka Byszek2,3, Marcin Trzyna2, Tadeusz J Popiela4 and Adrian Maciejewski5*
1Department of Diagnostic Imaging, Ludwik Rydygier Memorial Specialized Hospital in Krakow, Poland
2Braster SA, Poland
3Centre of Oncology, Maria Skłodowska-Curie Memorial Institute, Poland
4Department of Radiology, Jagiellonian University Collegium Medicum, Poland
5Department of Rescue Medicine, Poznan University of Medical Sciences, Poland

Received: 25 Aug, 2018 | Accepted: 26 Sep, 2018 | Published: 03 Oct, 2018

Volume 1 - Issue 2 |

*Corresponding author: Adrian Maciejewski, Department of Rescue Medicine, Poznan University of Medical Sciences, Poland, Tel: +48 519 
190 854; E-mail: maciejewski@ump.edu.pl

Citation: Ćwierz A, Byszek A, Trzyna M, Popiela TJ, Maciejewski A (2018) Contact Thermography as an Effective Tool for Detection of Breast 
Cancer in Women with Dense Breasts-A Case Report. J Breast Cancer Res Adv 1(2): dx.doi.org/10.16966/2638-3527.107

Copyright: © 2018 Ćwierz A, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Abstract
Breast cancer is the leading cause of death among women worldwide. Breast ultrasound and mammography examinations are routinely used to 
detect breast pathologies. Breasts have different breast densities (according to Wolfe’s classification) and thus carry different risks of developing 
cancer. The existing routine screening methods have their limitation. Mammography has often been found to be insufficient for the examination of 
breasts with dense glandular tissue, as some cancerous changes may be undetected. Breast cancer, even at very early stages of development, has 
been found to have an increased rate of metabolism and therefore an increased temperature. These thermal changes, within the tumor core, can 
be detected using contact thermography. We present a case of an invasive ductal carcinoma in a patient with dense breast tissue, which was first 
detected via routine ultrasound examination and further confirmed through contact thermography. On mammography, the lesion was undetected. 
We discuss the potential for contact thermography to become a novel, non-invasive diagnostic tool which can be used as a complementary method 
to standard of care, especially for women with dense breast tissue, for whom mammography is not effective.
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Case
A 39-year old woman came in to the clinic for a routine ultrasound 

breast examination. The physical examination was unremarkable. 
A breast ultrasound was performed, which revealed a 17 × 24 mm, 
irregular, hypoechoic change, partially obscured, located in the left 
breast at the 5 o’clock axis (Figure 1). The change was classified as BI-
RADS 4C and the patient was referred for mammography and core-
needle biopsy.

A mammography was performed prior to the planned biopsy. 
The mammogram revealed dense, glandular breasts, without visible 
micro-calcifications. In the upper outer quadrant of the left breast, an 
asymmetric density (Figure 2-circled structure) was visualized, which 
qualified the patient for a secondary ultrasound evaluation. Based on 
the type of breast tissue (dense glandular tissue according to Wolfe’s 
classification), mammographic examination has reduced sensitivity 
[3]. The change was classified as BI-RADS 0.

Both breasts have dense, glandular tissue, BI-RADS 0. An 
asymmetric density in the upper outer quadrant of the left breast is 
circled, which qualified for an additional ultrasound evaluation.

Introduction
Breast cancer is the most common malignant cancer and the 

leading cause of death in women worldwide [1]. It has become one of 
the most important health problems in recent decades. The detection 
rate of breast cancer has increased significantly due to increased 
awareness of the disease and increased availability of diagnostic tools, 
as well as implementation of national screening programs. 

Due to the high risk of developing breast cancer in women with 
dense breast tissue, and the problems associated with selecting 
appropriate diagnostic examinations, breast cancer in these women is 
often detected at a more advanced stage [2]. There is an urgent need 
for improved diagnostic methods that can be used as complementary 
methods to standard of care. One such method is contact 
thermography, which utilizes a phenomenon of heat transmission 
to visualize changes in the breast glands. Through development of a 
pathological vessel system, cancer tissue has an increased metabolic 
activity compared to healthy tissue resulting in the presence of 
focal or linear hyperthermia’s, which can be registered via contact 
thermography on liquid crystal matrices.
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The patient was referred to a diagnostic center, in which a secondary 
ultrasound examination was performed. No changes were detected in 
the area described in the mammogram, but a solid change in the lower 
outer quadrant of the left breast at the 5 o’clock axis was confirmed. 
Next a thermographic examination was performed of both breasts 
(Figure 3). A focal hyperthermic structure was observed in the lower 
outer quadrant of the left breast, in the location previously visualized 
on the ultrasound examination. No significant thermal changes were 
detected in the right breast.

Due to the appearance of a suspicious change in the left breast, a 
core-needle biopsy was performed, which confirmed a grade 2 invasive 
ductal carcinoma, type NOS (Not Otherwise Specified).

Discussion
Thermography-principles in breast diagnostics

The underlying physiological principle of contact thermography in 
medical imaging diagnostics is the so-called dermo-themal effect, in 
which cancer cells have a higher rate of metabolism [4]. Furthermore, 
a process of neo-angiogenesis induces strong hypervascularization 
around the tumor core, which can occur even at very early stages 
of cancer development [5]. It has been shown that even within a 
microenvironment of a 1 mm diameter tumor, there are enough 
pro-angiogenic factors to generate completely new vasculature [6,7]. 
This phenomenon leads to permanent, localized, intra-glandular 
temperature anomalies, which can be observed on the surface of the 
examined organ [8].

Instruments based on contact thermography, through the 
application of a liquid crystal foil, can induce a so-called selective 
light diffraction effect. This effect allows us to obtain a color image 
on the surface of the liquid crystal foil. By pressing the foil against 
the surface of the breast, a color thermogram is obtained, the 
analysis of which enables us to detect hyper-vascular changes in 
the breast.

A retrospective observational population study performed by 
Bothmann, et al. [9] on 19,461 females showed that abnormal 
thermography results were obtained in 86% of women with 
confirmed malignant lesions. Sensitivity and specificity of contact 
thermography for all invasive neoplastic lesions was 73% and 71%, 
respectively, with a false positive rate of 16.6% and false negative 
of 8.6%.

Breasts with dense tissue-characteristics and methods of 
evaluation

Numerous classification approaches for the characterization of 
breast density have been proposed, most commonly used is Wolfe’s 
classification, which relies on mammographic examination of the 
fibro-glandular densities in relation to fat tissue (Figure 4). Wolfe first 
proposed this classification system in 1976, following his retrospective 
study of 7,214 women [10]. Based on roentgen images and several 
years of observation, Wolfe selected and named specific categories of 
breast parenchymal patterns [11]. Wolfe then classified women into 
four groups (N1,P1,P2, and DY), each group with a different risk of 
developing breast cancer.

Due to the differences in breast densities and the resulting 
consequences, there is an increased need to evaluate breast density 
during routine screening examinations. According to a new legislation 
passed in February 2014 in the US [12], women undergoing 
mammography screening must be directly informed if they have 
dense breast tissue. This is because there is lack of female awareness 
of different breast densities and the associated risks of developing 
cancer, as well as lack of knowledge among doctors about potential 
false negative mammograms where a dense breast tissue can mask 
the tumor [11]. With increasing number of research reports and 
publications [13,14] relating to the increased risk of breast cancer in 
women with dense breast tissue, numerous educational organizations 
have been founded worldwide, which promote routine screening and 
provide help and support to women.

 

Figure 1: Ultrasound examination of the left breast revealed a 17 
× 24 mm solid change in the lower outer quadrant, Classified as 
BI-RADS 4c.
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Figure 2: Mammogram of both breasts in CC (cranio-caudal) and 
MLO (mediolateral oblique) view.
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Diagnosing breast cancer in women with dense breasts-a 
methods approach

To date, there are various imaging techniques to visualize breast 
cancer at various stages, including: mammography, ultrasound, MRI, 
and most recently, thermography [15-17]. In women with dense 
breasts, the sensitivity of mammography can be as low as 30-45% [18]. 
Dense breast tissue decreases the sensitivity as well as specificity with 
which screening mammography is able to diagnose the cancer. Over 50 
percent of females participating in breast cancer screening programs 
have intermediary dense breasts or extremely dense breasts [19]. 
Henceforth, an increased amount of dense breasts are observed, with 
the limited sensitivity of screening mammography. Complementary 
nonmammographic imaging tools have been proposed, including 
breast MR and ultrasound. Breast MR has a high specificity (97.1%) 
and positive predictive value (35%), however with increased cost, 
requirement of intravenous contrast and low sensitivity, breast MR 
has not become part of routine screening [20]. Complementary breast 
ultrasound on the other hand has been shown to have a high sensitivity 

(91.1%), however a lower specificity (87.7%), and low positive 
predictive value, which may translate to higher costs downstream and 
increased morbidity [21]. 

Regulations set forth by the US Food and Drug Administration 
have cleared thermography as an adjunctive tool to mammography, 
which is similar to the aforementioned methods [22]. By no means 
should thermography be used as a standalone method for breast cancer 
screening or diagnosing early stage breast cancer. Thermography, 
as an alternative option in the diagnostic pathway, may be used to 
complement current standards as it is inexpensive, non-invasive, and 
far more portable than the aforementioned modalities. Further studies 
are required to see the impact on healthcare costs and its role in breast 
cancer screening. 

Conclusion
In the presented case, analysis of the performed examinations 

demonstrated the limitations of mammography; while, providing a 
glimpse for the potential of contact thermography as an appropriate 
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Figure 3: Contact thermography of the lower outer quadrants of both breasts reveals focal hyperthermia in the left breast (circled).

Figure 4: Mammogram classification of breast tissue based on Wolfe’s classification (left to right: N1,P1,P2,DY).
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technique for evaluating metabolic changes first detected on breast 
ultrasound.

Contact thermography is a non-invasive method that does not 
use radiation and can play a significant adjunctive role in the early 
detection of breast cancer. Contact thermography is particularly 
useful in women with dense breast tissue, who have an increased risk 
of developing breast cancer but for whom mammography is not an 
effective diagnostic method.
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ABSTRACT 
 
Investigating the effectiveness of liquid crystal contact thermography in detecting pathological 
changes in the mammary gland of women compared to standard diagnostic methods of breast 
cancer - a multicenter study INNOMED. 
 
Key Words: breast cancer, liquid crystal contact thermography, BRASTERTM  
 

The Innomed_2016_01 study was a prospective, multicenter, open, observational study 
that is non-interventional, conducted in specialist breast diagnostic clinics in Poland by persons 
trained in performing thermographic examinations under the supervision of specialist 
physicians. Contact thermography examination, with the use of the BRASTERTM device was 
tested on 3006 patients who agreed to participate in the study and provided access to their 
medical documentation, of which 2756 patients were included in analysis. Amongst this group, 
the final analysis included: 648 women aged 18-49 who previously had a breast ultrasound 
examination assessed as BIRADS-US 4 or 5 (Group A), 1716 patients aged ≥ 50, who 
previously had an MMG and ultrasound examination with a result of BIRADS-US 4 or 5 
(Group B), and 392 women who previously had US or MMG performed and were assessed as 
BIRADS-US 1 or 2 (Group C). The control group was divided into two subgroups depending 
on the patient’s age; subgroup C1 – women aged 18-49 (n=199) and C2 – women ≥ 50 (n=193). 
The primary purpose of the study was to assess the diagnostic effectiveness of breast 
thermographic examination using the BRASTERTM device operating on the basis of liquid 
crystal contact thermography. 
The secondary objective of the study was to prepare and validate a new algorithm for automatic 
interpretation of the thermographic images, Braster AI, and to assess the safety of the device, 
used in clinical practice.  The verification of the effectiveness was carried out on the basis of 
clinical material in the form of data from thermographic examinations performed with the 
BRASTER device and data from imaging modalities and histopathological tests obtained 
during standard diagnostics and differentiation of breast cancer in women. 
The acquired thermographic images were segmented into two sets of 1200 and 1556 tests, each 
of them into two subsets – training and validation. The transfer of data, whether training or 



validation, took place under direct supervision of the CRO and aimed at enabling systematic 
conducting and evaluating the work on automatic interpretation algorithms. All types of 
learning and calibration of internal parameters of the learning interpretation system of breast 
thermograms, based on deep neural networks (DeepBraster) were carried out using tranche I 
and training set of tranche II (completely separated from tranche II validation set). Only after 
the algorithmic work was completed, a validation sample was obtained, which was used to 
calculate final indicators. The validated software version was closed before receiving the test 
data.  
The basic results of the automatic interpretation system are three activation outputs from neural 
network, whose numerical values are in the range [0,1]. They concern: 

 general risk of malignant lesion, i.e. not indicative of a particular breast (general 
indication), 

 risk of malignant lesion in the left breast (detailed indication),  
 risk of malignant lesion in the right breast (detailed indication). 

In addition, the system takes into account a fourth indication, regarding the overall risk, 
including the patient’s age. Considering the patient’s age is important in the diagnosis of 
breast cancer, as it is a factor correlated to the risk of developing the disease, as well as breast 
structure and the choice of diagnostic methods. The studied system may take into account the 
patient’s age by training (using the same training set) an additional learning element, which 
during classification, modifies the general indication of the basic part of the system that does 
not use age as information. Basic results (without taking into account age) were marked as 
DeepBraster_T, and parameters including age were marked as DeepBraster_A. 
 
The main purpose of the study, i.e. the assessment of the diagnostic effectiveness of the 
BRASTER device operating on the basis of liquid crystal contact thermography was realized. 
In the group of women <50 years of age with abnormal breast ultrasound (BIRADS US 4 and 
5) the sensitivity of thermographic examination according to DeepBraster_T system was 59.3% 
with a specificity of 69.3%. The area under the ROC curve was 0,697. For the DeepBratser_A 
system (taking into account age) the sensitivity of thermographic examination was 55.6% with 
a specificity of 84.7%. The area under the ROC curve was 0,703. 
 



Similarly, in the group of women >50 years of age, with abnormal mammography and breast 
ultrasound (BIRADS-US 4 and 5), the sensitivity of the thermographic examination according 
to DeepBraster_T system was 60.9% with a specificity of 62.7%. The area under the ROC curve 
was 0,653. The same parameters for the DeepBraster_A system included: sensitivity 62.3%, 
specificity 63.1%. The area under the ROC curve was 0.67. In the group of women without 
breast pathology, the percentage of false positive thermography results was similar to that 
observed in women with abnormal MMG and/or USG results of women without breast cancer 
(in women<50 years of age, 29.2% and 14.6% respectively for DeepBraster_T and 
DeepBraster_A systems and similarly for women ≥ 50 years of age: 37.4% and 35.4%).  
 
Analysis of the results showed that for the designated BIRADS 4 categories in ultrasound 
examination in a group of young patients, a positive result of Braster interpretation increased 
the positive predictive values (probability of cancer in studied group) more than two-fold (2,3 
times), while a negative result of this interpretation, significantly reduced the positive predictive 
value (7.7 times). Similar results were obtained in the BRA 11/2014 (ThermaALG) study, 
which indicated the repeatability of both studies. In addition, an increase in the sensitivity of 
the method, depending on the degree of differentiation of neoplastic lesions was demonstrated, 
61.3% for G1 lesions, to 67.8% for G3 lesions. 
 
Due to the possibility of analyzing thermographic images from individual breasts, the accuracy 
of pinpointing the cancerous breast was assessed. The estimation of accuracy of the pathological 
breast was carried out using the true positive results of the DeepBraster_T system. The indicated 
accuracy for the total number of cancers in the validation test was 73.4%. For 30% of cancers 
from this sample, with the highest activation, the accuracy was 87%.  
 
The results of this study confirm the complementary use of contact thermography to standard 
diagnostic methods, such as ultrasound or mammography. Although the diagnostic 
effectiveness of the method when used alone is moderate, as opposed to standard imaging 
modalities, this effectiveness does not seem to be strongly dependent on the age of the patients 
(the area under the ROC curve is 0.7 and 0.67 in the group below 50 and in the group above 50 
for the DeepBraster_A system variant). Research on the impact of DeepBraster system when 
used as a complementary tool to other imaging methods, shows the system’s unequivocal 
usefulness in such application. In all groups of patients with BIRADS 4 category assigned, a 
positive result from the validated system increased the probability of cancerous changes (PPV), 



while a negative result reduced the probability – for both MMG and US. The largest usefulness 
was found to be a complementary tool for ultrasound examinations, especially in the younger 
patient population, where the impact of positive or negative DeepBraster results increased or 
decreased the PPV several times. The results also suggest a higher detection of invasive lesions 
with high histological grade (G3), which may be associated with their increased metabolism. 
The study confirmed the ability of the system to indicate pathological breast – the higher the 
degree of the risk of pathology assessed by the system, the higher the accuracy of these 
indications. 
Primary Investigator: 
Dr hab. n. med. Paweł Basta 
Katedra Ginekologii i Położnictwa Uniwersytetu Jagiellońskiego, Collegium Medicum 
ul. Kopernika 40, 31-501 Kraków 
Breast Unit Szpitala Uniwersyteckiego w Krakowie 
ul. Jakubowskiego 2, 30-688 Kraków 
 
The project is financed by the National Center for Research and Development. 
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ABSTRACT 

 

Observational study evaluating the diagnostic efficacy and clinical utility of the new 

version of interpretation algorithm for Tester BRASTER thermography in the 

diagnosis of breast pathology in women. 

keywords: breast cancer, liquid crystal contact thermography, Tester BRASTERTM  

 

 

BRA/11/2014 was a prospective, multicentre, open-label, observational, non-

interventional study, conducted in specialist breast diagnostic outpatient clinics in 

Poland by persons trained in the thermography procedure, under the supervision of 

specialist physicians. Contact thermography using the Tester BRASTER device was 

performed in 274 women who consented to participate in the study and disclose the 

medical records. Out of this group, the final analysis included: 95 women aged 25–49 

years with prior breast ultrasound scan assessed as BIRADS-US 4 or 5 (group A), 

73 women aged ≥ 25 years with prior breast ultrasound scan assessed as BIRADS-US 1 

or 2 (group B), and 87 women aged ≥ 50 years with prior breast ultrasound scan 

assessed as BIRADS-US 4 or 5 (group C). In total, the analysis included the testing 

results obtained in 255 women. 

The primary objective of the study was to evaluate the diagnostic efficacy of 

the new versions of the interpretation algorithm for thermographic images obtained 

by liquid crystal contact thermography (TA-02 and TA-03), and to compare them with 

the previous version (TA-01).  
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The secondary objectives of the study were: 1) to verify the usefulness of 

liquid crystal matrix with a wide range of thermal detection (31°C–37°C), so-called 

yellow matrix (“IV”); 2) to compare each version of algorithm interpretation and 

classification of the result of breast thermography (TA-01, TA-02, TA-03) obtained 

using the Tester BRASTER device with the results obtained in the BRA/03/2013 study 

(THERMACRAC); 3) to validate the Automatic Interpretation System; and 4) to assess 

the safety of device use in clinical practice. The usefulness verification was done on 

the basis of clinical material in the form of thermographic data recorded with the 

Tester BRASTER device, and data from imaging and histopathology examinations 

obtained in the process of standard diagnosis and differentiation of breast cancer in 

women. 

For statistical purposes, the interpretation of thermographic testing was 

conducted according to the algorithms developed by BRASTER S.A. on the basis of 

past experience, based on a holistic method of determining thermal asymmetry and 

classification of the recorded hyperthermic changes. The interpretation was done by 

an independent radiological team of three persons, who had limited access to the 

patients’ clinical data. 

Additionally, the Automatic Interpretation System has been validated – it is 

a computer expert system developed on the basis of a set of rules relating to thermal 

and structural asymmetry of the breast. 

The primary objective of the study, which was to compare the diagnostic 

efficacy of each developed algorithm for the interpretation of thermographic images, 

has been achieved. In the group of women < 50 years of age with an abnormal result 

of breast ultrasound scan (BIRADS-US 4 and 5), the sensitivity of thermography using 

the TA-01 algorithm was 66.7% (95% CI: 47.9; 82.0) at a specificity of 69.1% (95% CI: 

57.4; 79.1). Statistics C was 0.679 (95% CI: 0.573; 0.785). The same parameters 

evaluated by the modified TA-03 algorithm were: sensitivity 81.5% (95% CI: 64.1; 
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92.6), specificity 87% (95% CI: 79.7; 92.4). Statistics C was 0.842 (95% CI: 0.761; 

0.924). When comparing the predictive values in this group for each assessment 

algorithm, it was shown that the positive predictive value increased from 46.1% (95% 

CI: 31.2; 61.6) for the TA-01 algorithm to 71.0% (95% CI: 53.7; 85.8) for the TA-03, 

and the respective negative predictive value increased from 85.4% (95% CI: 74.4; 

92.9) to 92.2% (95% CI: 83.7; 97.0). A comparison of the TA-01 and TA-03 (modified) 

algorithms in this group for statistics C reached significance in favour of the latter 

algorithm, modified TA-03 (p=0.0002). Similarly, in the group of women > 50 years of 

age with an abnormal result of breast ultrasound scan (BIRADS-US 4 and 5), the 

sensitivity of thermography using the TA-01 algorithm was 75% (95% CI: 64.1; 83.9) at 

a specificity of 60% (95% CI: 35.3; 81.3). Statistics C was 0.675 (95% CI: 0.537; 0.813). 

The same parameters evaluated by the modified TA-03 algorithm were: sensitivity 

77.8% (95% CI: 67.2; 86.2), specificity 62.5% (95% CI: 48.5; 75.1). Statistics C was 

0.701 (95% CI: 0.617; 0.786). In the group of women without breast pathology, the 

rate of false-positive thermography was very similar to that observed in women with 

abnormal breast ultrasound without breast cancer (22.5% and 37.5% in women < 50 

and ≥ 50 years of age, respectively). The obtained results cannot be directly 

compared to the results of the BRA/03/2013 (THERMACRAC) study due to the 

differences in obtaining and interpreting the thermographic images; however, the 

sensitivity and specificity obtained with the modified TA-03 algorithm in women 

< 50 years of age are significantly better. 

The results of this study demonstrate good diagnostic efficacy of contact 

thermography in breast cancer detection and differentiation between malignant and 

benign pathologies of the breast in women < 50 years of age. It should be 

emphasised that the observed lower efficacy in women ≥ 50 years of age may be at 

least partially explained by the inclusion of women with breast ultrasound results in 

the category BIRADS US 5, where the likelihood of cancer is > 95%, in this age group. 
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This could lead to an increase in the proportion of false negative results. The results 

indicate a very interesting direction in the application of the thermography 

technology for younger women, for whom the breast cancer prevention offer is fairly 

limited.  
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