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Abstract: The aim of this study was to verify the changes in the temperature distribution within the 

breast at twelve months after the end of radiotherapy for breast cancer. The study included twenty-

four women. The first test group consisted of twelve women who underwent breast mastectomy 

and qualified for radiotherapy according to standard medical treatment procedures. The second 

group included twelve healthy women. The tests were conducted before treatment with radiation 

therapy and two months, six months, nine months, and one year after the end of treatment. The 

mean temperature values changed depending on the time that had elapsed since the end of 

treatment. The highest temperature increase in all patients was observed six months after the end 

of radiotherapy. This research has confirmed that the assessment of temperature changes in the 

breast area after radiotherapy can evaluate the severity and lesions in the time course of the 

radiation reaction. 
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1. Introduction 

Thermal imaging has been used in medicine, biomedical engineering, and physical 

therapy for a few decades [1,2]. It allows the assessment of the body surface temperature 

distribution, which is valuable and useful, because local temperature changes can inform 

the physician about metabolism changes and thus indirectly represent the pathological 

processes in the human body. Therefore, for the correct analysis of camera images, it is 

essential to know the physiology and anatomy of the human body. Infrared 

thermography is a scientific field that uses the properties of electromagnetic radiation in 

the infrared range to measure the temperature of the surface of objects. This analysis is 

based on the fact that everything and everyone has a temperature higher than absolute 

zero (0 K) [2]. Therefore, everything is emitting radiation, and this energy is related to the 

temperature of the object and the radiation wavelength. Accordingly, the human body 

also emits the radiation in the infrared range, which can be imaged by a thermal camera. 
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The effect of this phenomenon is to create an image in the form of a thermogram, which is 

a visual indicator of the amount of infrared energy emitted or reflected by the tissue [3–6]. 

The examined tissue is compared to the so-called perfectly black body (absorption 

coefficient equal to 1.0), which absorbs 100% incident radiation, and the so-called perfectly 

white body, which does not emit radiation, instead reflecting it completely. The thermal 

imaging camera shows the exact value and distribution of temperature, which is 

connected to the vascularity and metabolism of the tissue. Through establishing 

measurement standards for thermography, developing computer technologies, and 

constructing sensitive thermovision detectors, thermograms have become increasingly 

frequent objects of interest as a diagnostic tool in various fields of medicine [1,2]. 

Currently, in medicine, a thermal imaging camera is often used to assess the extent and 

intensity of inflammation in examined tissue based on the phenomenon of high 

thermoemission, which means that the local blood supply or tissue metabolism increased 

[7,8]. The great advantage of thermovision is its noninvasiveness, which allows repeated 

harmless testing without the risk of any side effects. An additional factor contributing to 

the expansion of thermal imaging research is the affordability of thermal imaging 

cameras. The devices are widely available and easy to use. The increased usage of thermal 

imaging tests has necessitated the introduction of new standards concerning both the 

conduct of the tests themselves and the equipment requirements. The proper preparation 

of patients and the research room is extremely important. According to the guidelines of 

the European Association of Thermology, the room where the thermovision 

measurements take place should support the convenient placement of the measuring 

devices and visualization of the entire studied area [4–6]. An additional requirement is 

constant temperature and humidity. Before the test, each participant should acclimatize 

to the temperature of the room. This process should take several minutes. The participant 

should not touch their body during acclimatization and should remain at rest. The patient 

must prepare for the examination. On the day of measurement, he/she must not exercise 

or be under the influence of alcohol or drugs, and must be healthy (not have infections 

that lead to an increase in body temperature above 37 °C and not taking medications that 

could cause a change in body temperature) [7]. On the day of the examination, no 

cosmetics should be used on the skin and it should not be exposed to sunlight. Patients 

with dermatological changes on the skin, fresh tattoos, or scars were also not suitable for 

thermal imaging examinations. We performed the tests at the same distance, which 

should not be less than 1 m. For the analysis of thermographic examinations, a special 

program should be used, the operation of which should be taught by trained personnel. 

It is extremely important to take into account all factors that may affect the temperature 

distribution when performing thermal imaging studies. When all these conditions are 

met, the tests carried out are of the highest quality [1–7]. 

Despite the development of technology and the uptake of newer treatment methods, 

neoplastic diseases still rank second among the causes of death in the world [9]. 

Cardiovascular diseases are the only diseases with higher mortality than cancers. The 

detection of tumors at an early stage, as well as the use of appropriate treatment, 

sometimes allows for complete remission [9]. 

Breast cancer is a malignant tumor that originates in the cells of the epithelium that 

line the inside of the lobules and milk ducts. Any change in the structure of the breast 

gland, thickening or wrinkling of the skin, and sudden asymmetry of the breast should be 

discussed with a specialist. The symptoms of breast cancer in more advanced stages may 

include locations associated with the formation of metastases. Usually, the axillary lymph 

nodes are affected first, which manifests as enlargement and swelling. A massive 

infiltration of this group of nodes hinders the outflow of lymph from the adjacent upper 

limb, resulting in its swelling. Subsequent metastases may involve nodes located in the 

supraclavicular fossa. Statistics show a constantly increasing trend in the incidence of 

breast cancer. Over the last 30 years, the number of cases in Poland has doubled. Women 

aged 50–69 are at the greatest risk of developing the disease. However, breast cancer is 
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also increasingly prevalent in younger patients, aged 20–49 [10–15]. Surgery, radiotherapy 

(RT), and chemotherapy are methods used in the treatment of breast cancer. In women 

who undergo breast mastectomy—in the case of the worsening prognosis factors—chest 

wall irradiation is used with or without armpit and collarbone radiation [16,17]. 

Radiotherapy is used as an adjuvant treatment due to the high rate of recurrence in treated 

breast cancers, of up to 20% after 10 years. Radiotherapy uses ionizing radiation to destroy 

cancer cells. For this purpose, the patient is given the highest possible dose of ionizing 

radiation to the changed neoplastic tissues, while minimizing the dose that will be 

administered to healthy cells. This is possible owing to the use of specialized equipment 

for treatment planning, performance, and control of therapy using ionizing radiation. The 

critical organs (OAR; organs at risk) are the structures that are located close to the 

irradiated volume (the target). In breast cancer radiotherapy, the OARs include the lungs 

and the heart and, not infrequently, the head of the humerus. Critical organs have strictly 

defined tolerance doses, which, if exceeded, might result in radiation complications. 

Radiotherapy technology is a rapidly advancing technology [16–18]. The new devices for 

the implementation of treatment, as well as the use of modern techniques, such as IMRT 

(intensity modulated radiation therapy), i.e., beam intensity modulation or VMAT 

(volumetric modulated arc therapy), known in the Polish nomenclature as multi-arc 

therapy, achieved a significantly reduction in the side effects of radiation therapy. In 

patients with breast cancer treated with ionizing radiation therapy, side effects often 

occur, including a skin response manifested in the form of radiation reaction, e.g., skin 

redness [19–21]. The reaction resulting from radiotherapy is caused by the death of cells 

most exposed to ionizing radiation. Redness occurs in the area directly subjected to 

radiotherapy. Negative effects caused by radiotherapy may persist for several weeks to 

even several years after the end of treatment. Adverse radiation reactions appear most 

often in neoplasms located in the area of the head and neck, perineum, and breast. With 

the help of thermovision, which is a noninvasive and painless method, we can observe 

thermal asymmetry between the breasts, contributing to the early detection of disturbing 

symptoms. The use of infrared imaging in the control of patients after radiotherapy is 

aimed at assessing the effects of treatment and observing the negative effects of ionizing 

radiation, which affect patient comfort [22–29]. 

For this reason, the aim of this study was to check and compare the changes in 

temperature distribution in patients after mastectomy at various times after the end of 

radiotherapy. 

2. Materials and Methods 

The study design was approved by the Bioethics Committee of the Oncology Center-

Maria Skłodowska-Curie Institute in Warsaw on 6 October 2016, which was confirmed in 

opinion No. 38/2016. 

The first group included twelve patients who were qualified for radiotherapy. 

Twelve healthy participants enrolled in the study as members of the second group were 

people without reported health problems who had no history of breast cancer. Their 

participation in the study was voluntary. For the first group of patients, the mean age was 

56 ± 9.8 years, body weight was 72 ± 11 kg, and height was 1.67 ± 0.07. In healthy 

participants, the mean age was 53 ± 9.7 years, body weight was 71 ± 12 kg, and height was 

1.65 ± 0.05. Study patients who completed radiotherapy received a total dose of 50 Gy in 

25 fractions. Due to the stage of the tumor, the patients were qualified for subcutaneous 

mastectomy with the removal of metastatic lymph nodes. Before the test, each participant 

was informed about its course and how to prepare for the test. Each participant had to 

consent to participate and fill in a participation questionnaire. In the questionnaire, the 

patient answered questions about their health condition. The overall intention was to 

perform several tests for which the participants had to give their written consent. 

Thermographic examinations were performed before the treatment with radiation 

therapy, and then after various periods from two months to one year after the end of 
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treatment. The study used a FLIR System E60 thermal imaging camera with a detector 

resolution of 320 × 240 pixels and a thermal sensitivity of 0.05 K. Thermal imaging was 

performed in a specially prepared room; the temperature was constant at 22 ± 1 °C and 

the humidity ranged from 40% to 45% [2–8]. The relative air humidity in the measuring 

environment was low enough so that there was no condensation in the air (fog), on the 

measuring object, on the protective cap, or on the thermal imaging camera lens. If the lens 

(or the protective cap) becomes fogged, then some of the infrared radiation will not be 

picked up as it will not be able to fully penetrate the lens through the water. The same 

experimental design was performed on each patient. The time that was needed to prepare 

for the study lasted about twenty minutes. During this time, the patients did not wear 

upper garments. The examination was performed in a standing position with raised arms 

according to standard protocols [30–38]. 

The research was performed using the ThermaCAM Researcher Pro 2.10. The statis-

tical analysis was performed using STATISTICA (with a confidence interval of 0.95) to 

interpret the results. To determine the statistical significance, Student’s t-test was per-

formed. In addition, the temperature changes in the breast were analyzed after the end of 

radiotherapy by using Pearson coefficient. Thermal differences within the chest were an-

alyzed for both healthy and treated women. For the group of women who underwent 

mastectomy, the changes in temperature distribution over time were analyzed. As several 

tests were performed, we were able to analyze the relationship between temperature 

changes and the time that had elapsed since the end of the treatment. 

The area after mastectomy that was treated and analyzed is marked with a rectangle 

(Figure 1). Depending on the size and structure of the breasts, the rectangle was adapted 

to the anatomy of each patient. Below is an example diagram defining the area subject to 

further analysis. 

 

Figure 1. Schematic drawing of the breast area on all thermograms. (A) Healthy patients; (B) patients 

after mastectomy. 

Figure 2 presents the workflow and methodology of the study. 

 

Figure 2. Simple scheme demonstrating the workflow and methodology of the study. 
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3. Results and Discussion 

In the group of healthy participants, the mean temperature was 32.61 °C for the left 

breast and 32.62 °C for the right breast. The average temperature difference between the 

analyzed areas was 0.23 °C. An example of a thermal image for a healthy patient is shown 

below (Figure 3). There is no thermal asymmetry in the breast area; the temperature of the 

nipple is close to that of the breast gland. The temperature range used for the analysis was 

between 28 °C and 38 °C. 

 

Figure 3. Thermogram of an example healthy participant. 

For the twelve patients in the test group who underwent mastectomy, five analyses 

were conducted: before radiotherapy (thermogram A), two months after the end of radi-

otherapy (thermogram B), six months after the end of radiotherapy (thermogram C), nine 

months after the end of radiotherapy (thermogram D), and twelve months after the end 

of radiotherapy (thermogram E). We can see in Figure 4 that there is strong thermal asym-

metry between the healthy breast and the area that was subjected to radiotherapy. Two 

months after stopping the treatment, the area with elevated temperature is larger. More-

over, it reaches its highest value at six months after the end of treatment. At this time, 

there are also very frequent periods of repairing healthy tissues after they have received 

a dose of radiation. In the months following the end of treatment, the thermal asymmetry 

was still visible, but became smaller with each subsequent examination. 

The mean temperatures for the analyzed area for all patients are presented in Table 1. 

Table 1. Results obtained for the test group in the study. 

 Before RT [°C] 
2 Months 

after RT [°C] 

6 Months 

after RT [°C] 

9 Months 

after RT [°C] 

12 Months 

after RT [°C] 

Patient 1 34.0 34.5 36.3 34.7 34.5 

Patient 2 34.4 35.1 35.5 34.8 34.3 

Patient 3 34.1 34.7 35.0 34.6 34.2 

Patient 4 35.0 36.0 36.5 36.0 35.7 

Patient 5 34.4 35.9 36.1 35.7 35.4 

Patient 6 34.3 35.0 35.6 35.3 35.3 

Patient 7 33.5 34.4 35.0 34.9 34.7 

Patient 8 33.0 34.5 35.1 34.7 34.5 
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Patient 9 33.5 34.3 34.9 34.7 34.4 

Patient 10 33.7 34.4 35.2 35.0 34.9 

Patient 11 33.6 34.5 35.1 34.8 34.5 

Patient 12 33.2 34.0 35.1 34.9 34.7 

 

Figure 4. After mastectomy: before radiotherapy (thermogram (A)), two months after the end of 

radiotherapy (thermogram (B)), six months after the end of radiotherapy (thermogram (C)), nine 

months after the end of radiotherapy (thermogram (D)), and twelve months after the end of radio-

therapy (thermogram (E)). 

When analyzing the mean temperature values read from the thermograms, we can 

see that the temperature after radiotherapy is higher than before the treatment. In addi-

tion, there is a noticeable tendency for the highest value to be reached 6 months after the 

end of treatment, followed by a decrease in the average temperature. However, even after 

a year, the temperature measured is higher than before the treatment. The temperature 

differences are presented in Table 2. It can be observed that the highest difference in the 

mean value, in comparison to pretreatment measurement, occurs 6 months after radio-

therapy and is 1.56 degrees Celsius. 
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Table 2. Temperature difference at different times from the end of radiotherapy compared with the 

pretreatment study. 

2 Months after RT 

[°C] 

6 Months after RT 

[°C] 

9 Months after RT 

[°C] 

12 Months after RT 

[°C] 

0.88 1.56 1.12 0.87 

In order to get a more complete picture and better insight into the obtained results, 

the collected data were statistically analyzed. The acquired results are presented in Fig-

ures 5 and 6. The obtained values were statistically significant (p < 0.05) when comparing 

the values before RT with a specified number of months after radiotherapy (2, 6, 9, or 12 

months). Statistical significance was obtained by comparing the values at 6 months after 

RT with individual months (2, 9, and 12 months). 

The study showed a strong positive correlation up to the sixth month after RT, and a 

negative correlation (Figure 6) for values over 6 months after radiotherapy. The statistical 

analysis showed that the increase in the average temperature up to the sixth month is 

significant at every stage of the research, and the obtained values for the increase, up to 

1.6 °C, were very high and certainly significant enough for thermovision diagnostics. 

 

Figure 5. Temperature values for the group of patients: before RT, 2 months after RT, 6 months after 

RT, 9 months after RT, and 12 months after RT. 
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Figure 6. Temperature correlation between before radiotherapy and after radiotherapy (2, 6, 9, and 

12 months). 

4. Discussion 

Breast radiotherapy is a local treatment method that uses the energy of ionizing ra-

diation. Unfortunately, it is not harmless to the patient. By developing modern techniques 

and newer equipment it is possible to reduce the dose received by healthy organs while 

irradiating the tumor at the same time. The side effects of radiotherapy are mainly fatigue, 

drowsiness, and skin reactions [39–43]. The skin reactions to the irradiation can be classi-

fied according to the common NCI CTCAE scale [44]. The values range from I to V and 

classifies patients depending on the intensity of the burn, from mild reddening (rated I) 

to death (rated V). Patients who participated in the study after radiotherapy were classi-

fied, according to the CTCAE scale, as grade I and II, which means that they developed a 

slight erythema or erythema of moderate intensity. The reactions usually appear before 

the end of treatment and disappear few months after the end of treatment. Its intensity 

and appearance depend on the patient’s age, the size of the irradiated area, the fractional 

dose, the total dose, and comorbidities. In addition to erythema, skin dryness and hair 

loss can occur. Discoloration may appear as a result of damage to skin cells. Peeling of the 

skin (dry then wet) may appear a few weeks after stopping treatment. These reactions 

include pigment disorders, skin fibrosis, vascular changes, and necrosis; thus, changes in 

the body and skin temperature indicate that thermal imaging is an objective and com-

pletely safe imaging method for patient evaluation. 

This paper aimed to present the use of thermal imaging to describe the thermal re-

sponse of breast tissue to radiation therapy. This may be a new method that is useful to 

control the risk of developing radiation dermatitis. Previous studies have shown that the 

incidence of skin toxicity is rising after radiotherapy, but do not present the changes that 

appeared in individual months after radiotherapy or time how long they persist on the 

skin [22,24,30,32–34]. 

It has been shown that thermography allows the quantification of temperature fluc-

tuations in the irradiated area in the example of adjuvant radiotherapy in patients after 

mastectomy for breast cancer, so it can be used in clinical practice. The mean temperature 

of the breast area obtained two months after the end of treatment was nearly 0.9 °C higher 

than before treatment. After another control, which took place six months after the end of 
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the treatment, it was noticed in all the patients that the mean temperature increased again 

to a value 1.56 °C higher than the temperature before radiotherapy, which may be the 

result of persistent local inflammation in the course of the radiation reaction. After this 

time, the temperature dropped in subsequent tests, but even after a year it did not reach 

the same value as before the treatment. For the study groups, the correlations between 

temperature values and time after the end of radiotherapy were determined. Figure IV 

presents the relationship between the parameters, which showed that the temperature 

values increased with the length of time after radiotherapy. The Pearson correlation coef-

ficient was 0.43; moreover, the relationships were statistically significant, with p < 0.05. 

The trend of the reduced the temperature at 6 months after RT was observed, which may 

relate to the healing process. The general recovery of irradiated tissue will probably lead 

to temperature equalization over the long-term follow-up period [45]. However, late ra-

diation effects may change the local microenvironment and tissue metabolism owing to 

persistent subtle differences in temperature. Thermal imaging seems to be helpful in 

quantitative monitoring of dermatitis related to radiotherapy. Due to the applied that 

methodology, it is possible to monitor the local persistence of inflammation. This assumes 

the importance of considering that a chronic inflammatory state in soft tissues, for exam-

ple the adipose tissue, could have adverse effects, such as oncogenesis itself [46]. We can 

observe that tissue regeneration processes are long lasting and change over time [47–50]. 

5. Conclusions 

The conducted study confirmed that: 

1. Thermography allows the assessment of the dynamics of temperature changes in the 

tissue after radiotherapy in the mastectomy area; 

2. The observed temperature fluctuations are the most probable effects of radiation 

changes in the tissues in the course of the radiation reaction and the healing process; 

3. The quantitative assessment of temperature fluctuations in the irradiated area, as one 

of the parameters of the intensification of the radiation reaction, may be used in clin-

ical practice and in research studies that assess the effectiveness of pharmaceuticals 

used in the treatment of radiation symptoms; 

4. The small number of observations has limited the conclusions. The expansion of the 

research into the use of thermography in clinical practice is needed. 
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