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Diagnostic potential of the infrared thermal camera in the detection
of parotid region tumors

Jujarnoctuuke MOryhHOCTH HH(paIpBEeHE TEPMOBU3H]CKE KaMepe y IeTEKIIN]jU

TyMOpa NapOTHIHOT PETHOHA

SUMMARY

Introduction/Objective Timely and accurate
diagnosis is essential for successfully treating
salivary gland tumors. This study aims to examine
the possibility of an infrared thermal camera
application in the parotid region pathology.
Methods In 36 patients with histopathologically
confirmed tumors of the parotid region, the
temperature of the area on the side of the tumor and
the contralateral, healthy side was measured. The
temperature difference was analyzed and compared
with the control group. The measurement was
performed using a high-resolution infrared
thermographic camera. Statistical significance was
tested using the T-Test and Analysis of Variance
(ANOVA) test.

Results The results showed that there is a highly
significant difference in temperature between the
tumor of the affected parotid regions and the
contralateral, healthy side (all tumors: p = 0.001;
malignant tumors p = 0.007).

Conclusion We concluded that determining the
temperature differences between the tumor-affected
and contralateral, unaffected sides can be an
important tool in diagnosing parotid region tumors.
Keywords: tumors of the parotid region; diagnosis;
infrared camera

INTRODUCTION

CAXETAK

YBoa/Ilnss [IpaBoBpeMeHa 1 TayHA AMjarHO3a j& O
BEJIMKOT 3Ha4aja 3a yCHEIIHO JieYehe TyMopa Wby-
BayHMX Ie3na. Lluse oBor pana je na ce HCIIUTa Mo-
ryhiHocT mpuMeHe HH(ppanpBeHe TepMalTHe KaMepe y
MIATOJIOTHj! TIAPOTHIHE pETHje.

Metoae Kox 36 manujeHara ca XMCTOMATOIOIIKH
MOTBphEHUM TyMOpUMa IapOTHIHOT peruoHa Mepe-
Ha je TeMIepaTypa Ha cTpaHi TyMopa U Ha KOHTpa-
JaTepaiHoj, 31paBoj CTpaHu. Pasiuka y Temmepary-
pH je aHanmu3MpaHa u yrnopehrusaHa ca KOHTPOIHOM
rpynoM. Mepemeje obaBibeHo - momMohy nHpanpse-
He TepMorpadcke kaMmepe BUCOKE Pe30TyLuje.
CraTtucTHYKa 3HAa9ajHOCT je TeCTHpaHa KopuIhemeM
T-tecta u Tecta ananmmze Bapujance (ANOVA).
Pe3yntaTn Pesynratu cy mokasany MocTojame
BHCOKO 3HauajHe Pa3juKe y TeMIepaTypH usmehy
TYMOPOM 3axBalicHe MapoTHIHE peruje U KOHTpaja-
TepaiiHe, 31paBe cTpane (ceu Tymopu: p = 0,001;
Manurau Tymopu p = 0,007).

3akJbyyak 3akJbydHiIM CMO Jia ofipeljuBame Temiie-
patypHe pasznuke uzmely Tymopom 3axBahene ctpa-
HE U KOHTpajiaTepaiiHe, He3axBalieHe CTpaHe MOKe
OWTH BakKaH ajlaT y JUjarHOCTUIIN TyMOpa
MapoOTHUAHOT PErHoHa.

Kiby4yHe peun: TyMOpH NapOTHAHOT PETHOHA,;
QIMjarHO3a; HHQpaIpBeHa KaMepa

The salivary gland tumors represent a diverse group of tumors that most often affect the
parotid gland, followed by submandibular and sublingual salivary glands [1]. The classification
of salivary gland tumors has been recently updated in the 5" edition of the World Health
Organization Classification of Head and Neck Tumors which described several new entities of
benign (sclerosing polycystic adenoma, keratocystoma, intercalated duct adenoma, striated
duct adenoma) and malignant (microsecretory adenocarcinoma and sclerosing microcystic
adenocarcinoma) salivary gland tumors [2].

The most common parotid salivary gland tumors are pleomorphic adenoma, Warthin’s,
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and malignant tumors [3]. Parotid salivary gland tumors are often presented as painless masses
that clinical examination cannot define. Thus, establishing a timely diagnosis is of great
importance for the successful treatment of patients. Furthermore, the differentiation of benign
from malignant parotid gland tumors is a big challenge for a maxillofacial surgeon since the
choice of treatment method, possible complications and treatment costs depend on it.

Computed Tomography, Magnetic Resonance Imaging, Ultrasonography, Fine Needle
Aspiration Biopsy and postoperative histopathological findings are key diagnostic.tools used
for identifying, classifying and determining the tumor’s size, type and biological potential [1,
3]. All these diagnostic methods have their advantages and disadvantages. For example,
ultrasound and fine-needle aspiration (FNA) are relatively inexpensive and safe procedures,
but they heavily depend on the experience of the examining and intervening physician. CT and
MRI are structural diagnostic procedures, like ultrasound, representing the gold standard for
diagnosing and preoperative preparation of ‘patients with tumors. However, they are not
suitable for mass use due to the ionizing radiation (CT), expensive equipment, the need for
highly trained personnel, and high costs.

Some, authors. define infrared thermography (IRT) as a functional diagnostic non-
invasive, contactless, and cost-effective method that meets the basic requirements for detecting
various pathological conditions [4-7]. It can assist clinicians in differential diagnosis and
prognostic studies for various maxillofacial diseases [8, 9, 10].

The application of IRT is based on the fact that blood flow, influenced by the neuro-
vegetative central nervous system, expands uniformly to the left and right sides of the body,
resulting in a symmetrical left and right thermal pattern. Any qualitative and quantitative
changes in thermal distribution may indicate an abnormality [11]. According to data retrieved
in the literature, IRT is most commonly used in oncology for diagnosis and monitoring of breast

cancer and melanoma [12, 13, 14], while the application in the maxillofacial region is scarce
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and rarely documented [9, 10].

This study aims to examine the diagnostic potential of IRT as an easily accessible tool
for mass use, which can indicate the presence of tumors in the parotid region in the early stages.
This can lead to the incorporation of thermal imaging examination as a part of the standard first
clinical examination in daily routine practice. The simplicity of the procedure does not'require
the engagement of additional staff. If thermal imaging of a patient confirms temperature

asymmetry, they will be referred to more sophisticated diagnostics with a higher priority level.

METHODS

This study included 36 patients aged 40 to 90 years, who were surgically treated for
tumors in the parotid region at the Department of Maxillofacial Surgery of the Clinic for Dental
Medicine in Nis.

Criteria for inclusion in‘the study were patients in whom, based on anamnestic data and
clinical examination by a maxillofacial surgery specialist, a tumor in the parotid region was
diagnosed with an initial diagnosis. After thermographic imaging procedure, standard surgical
treatment with histopathological verification were performed in all patients. This study was
approved by the Ethics Committee on Research of the Clinic of Dentistry University of Nis§,
(No. 20/3-2019-2, 01-1054/2). All participants in research signed informed consent form.

For data analysis, two groups of participants were formed. The first group consisted of
patients with malignant tumors and the second comprised patients with benign tumors and non-
tumor lesions in the parotid region.

All subjects underwent the same thermographic protocol based on The American
Academy of Thermology (AAT) [15], and the medical infrared imaging guidelines outlined by
Ring and Ammer [16], and Ammoush et al. [17]. According to the mentioned guidelines, the

distance between the subject and the camera was 1 m. The room temperature was 23-24°C,
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and all subjects rested approximately 15 minutes before imaging, without physical activity,
chewing or touching the skin of the face.

The biological behavior of tumors after histopathological verification was defined
according to The International Classification of Diseases for Oncology (ICD-0-3) [18].
Malignant tumors, according to the classification above, included histomorphological codes:
8140/3 Adenocarcinoma; 8500/3 Salivary duct carcinoma (Intraductal carcinoma); 8200/3
Adenoid cystic carcinoma; 8805/3 Sarcoma; 9591/3 Non-Hodgkin's lymphoma; 8550/3 Acinic
Cell Carcinoma; 9699/3 Mucosa-associated lymphoid tissue (MALT) lymphoma and histology
codes 8000/6, 8010/6, 8070/6, which define various origins of metastatic carcinomas.

Benign tumors included histomorphological codes: 8561/0 Warthin's tumor; 8147/0
Basal cell adenoma; 8940/0 Pleomorphic adenoma, and 8850/0 Lipoma. The group of
participants with benign tumors also included non-tumor lesions such as Lymphadenopathy
and Sialadenitis. Cases where the pathologist did not clearly define the histopathological
findings, were excluded from the study.

The infrared thermographic camera Varioscan high-resolution model 3021 (Jenoptik,
Germany) was used. The camera showed the real-time skin temperature on the display,
recorded for each patient and each examined side (Figure 1).

The camera has a thermal resolution of +0.03°C, a temperature range from - 40 to
1200°C, and a spectral range of 8-12 um. Absolute accuracy of the temperature measurements
(factory calibrated) up to 100°C, at an ambient temperature of 22 £ 2°C, is less than +2K;
otherwise, the accuracy is less than £1% of the full-scale value.

On the obtained thermograms (Figure 2) regions of interest were analyzed. An affected
area represents the area with tumor, and an unaffected area is a contralateral parotid region of
the same patient. Digital images of the skin temperature variations were analyzed by IRBIS

Professional 2.2. graphics-oriented software package (InfraTec GmbH, Dresden, Germany).
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The difference in the mean temperature of the affected and unaffected side of the parotid
region was tested with a Paired Samples t-Test and Analysis of Variance (ANOVA) test.
Previously, data were tested with the Kolmogorov-Smirnov test to check for normality of
distribution.

The temperature difference was tested through four types of statistical tests, as follows:
affected and unaffected side for all patients with tumors (Test 1); affected and unaffected side
for patients with malignant tumors (Test 2); affected and unaffected side for patients with
benign tumors (Test 3). The level of 0.05 was taken as the statistical significance threshold for

all tests. All statistical tests were performed in SPSS v20.

RESULTS

Thirty-six patients with benign and malignant tumors in the parotid region participated
in our study (17 women and 19 men). The average age was 61.4 years. Men were slightly older
(61.9 years) than women (60.8 years) but without statistical significance. One tumor was
registered in each patient. More than half (58.8%) of benign tumors were registered in patients
younger than 50, while 68.4% of malignant tumors were in patients in their seventh decade of
life and later. ANOVA showed no statistically significant interaction between the effects of
gender-and type of tumor (F=0.414, p=0.526). In contrast, the interaction between the effects
of age and type of tumor was statistically significant (F=3.655, p=0.017). The probability of
developing malignant tumors was higher in older patients (Eta-square is 0.36).

The most common benign tumor in our patients was Warthin's, which accounted for
52.9% of all registered benign tumors, followed by Pleomorphic adenomas with 17.7%. The
most common malignant tumors were metastatic tumors, with 52.6% of the total malignant
parotid region tumors (Table 1).

Table 2. shows the temperature difference between the parotid region where the tumor is
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located (T1) and the contralateral, unaffected parotid region (T2) according to the gender of
the patient and the pathohistological findings, that is, the diagnosis. Regardless of biological
behaviour, the temperature difference in all tumors ranged from -0.03°C to 3.27°C (mean value
0.37°C). The minimum temperature difference in patients with malignant tumors was -0.08°C
(Intraductal carcinoma), while the maximum was +3.27°C (Non-Hodgkin's lymphoma). The
mean temperature difference in patients with malignant tumors was +0.5°C, regardless of
gender. The minimum temperature difference in patients with benign tumors was -0.03°C
(Warthin's tumor), and the maximum was 0.9°C (Sialadenitis and Lymphadenopathy). The
mean temperature difference in patients with benign tumors was +0.23°C, regardless of gender.

Table 3. shows the statistical significance in the temperature difference between the
tumor-affected parotid region (affected area) and the contralateral side (unaffected area) in all
tumors (Test 1), malignant tumors (Test 2) and benign tumors (Test 3).

There is a highly significant difference in temperature between tumor-affected parotid
regions and the contralateral, unaffected side, compared to all tumors (t35=3.577, p = 0.001)
(Test 1). The mean temperature difference is 0.39°C, while the CI (95% Confidence Interval of
the Difference) shows that this difference can be found from 0.17°C to 0.61°C.

Test 2 shows that there is a significant difference in temperature between malignant
tumour-affected parotid regions and the contralateral, unaffected side (t1s=3.066, p = 0.007)
and that this difference can be found in the range of 0.17°C to 0.9°C. For Test 3 p-value is just
above the cut-off value of 0.05, and the CI is narrow enough, so there is a suggestion hint of

an effect of statistical significance.

DISCUSSION
The age structure of our patients with benign and malignant parotid gland tumors mostly

agrees with the findings of other authors [19, 20, 21]. However, some authors reported a
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significantly lower average age of patients in their research [22]. This difference in the
mentioned articles is probably due to the different percentages of benign and malignant tumors.
In our research, the percentage of malignant tumors is higher than in the studies mentioned.

The more frequent appearance of malignant parotid region tumors after the seventh
decade can also be seen in the works of other authors [23, 24], who state that the average age
of patients with malignant tumors is higher by approximately one decade compared to patients
with benign tumors. Mayer et al. found in their study, a large number of patients (average age
78.4 years) had infiltration or metastasis of squamous skin cancer in the parotid region [20].

In our research, the dominant types of benign tumors were Warthin's tumor and
pleomorphic adenoma, which corresponds to the works of other authors [25, 26], while the
most common malignant parotid region tumor was secondary Metastatic tumor of cutaneous
squamous cell carcinoma. Mucoepidermoid carcinomas, acinic cell carcinomas and adenoid
cystic carcinomas are described in the literature [10, 22, 27] as the most common malignant
parotid gland tumors, which contradicts our findings. Our results are in accordance with the
research of Mayer et all., [20] where in surgically treated 164 patients with malignant parotid
gland tumors, 71.5% were secondary (metastatic) carcinomas. Reports on using an infrared
thermographic camera in diagnosing pathological conditions of the parotid region are very
scarce-in the literature. According to our knowledge, only one report with a limited series of
17 patients refers to the analysis of the hyperthermic reaction of the pathological process of the
parotid region. It also does not specify the temperature difference between the affected and
contralateral, unaffected sides [28].

Our study showed that the mean temperature on the side of malignant tumors was higher
by +0.5°C compared to the contralateral unaffected side, and on the side of benign tumors by
+0.23°C. The temperature difference in malignant tumors ranged from -0.08°C to +3.27°C and

in benign tumors, from -0.03°C to 0.9°C (Table 2). Our results agree with the research of
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Durnovo et al. [10], who used thermographic analysis to include 250 patients with various
pathological conditions of the maxillofacial region. In 96 patients with benign and malignant
tumors (54 benign and 42 malignant) of the maxillofacial region, the authors registered higher
temperature values in the region of the malignant tumor (on average +3.2+0.4°C compared to
the contralateral side) than in the region of the benign tumors (from +0.4-1.4°C). Macianskyte
et al. also registered thermal asymmetry (temperature difference between tumor-affected and
unaffected sides) in histopathologically and CT-verified tumors of the maxillofacial region [8].
In their study, when pathology was not detected upon CT evaluation, as in the case of the
healthy subjects, then there was no temperature asymmetry between the sides. In contrast, when
CT delineated a tumour structure, later confirmed with histopathology, then the left-right
asymmetry in temperature corresponded to the location of tumour detected on CT. The
temperature difference between lesion and normal zones was of 0.4 °C or higher. In our
research, high statistical significance in thermal asymmetry (all tumors: T-test 3.577, P=0.001;
malignant tumors: T-test 3.066, P=0.007) indicates the existence of a malignant parotid region
tumor. Statistical significance was not found in benign tumors (Test 3), p-value is just above
the cut-off value of 0.05, and the CI is narrow enough, so there is a suggestion hint of an effect
of statistical significance. The lack of statistical significance does not mean there is no effect,
because the true mean temperature difference could be 0.23°C, or even as large as 0.49°C (Cl),
and further studies with a larger sample size may help clarify the true difference.

Thermal symmetry of the face is a normal finding in healthy people and the thermogram
of a healthy person shows a uniform and symmetrical change in skin temperature with a very
small deviation between one side and the other, no more than 0.2-0.4°C [8]. Any asymmetric
temperature distribution is an indication of dysfunction — malignant and benign tumors,
inflammations, sports injuries, and myofascial pain syndrome [6, 7, 9]. Still, in our research,

we considered temperature changes only as a consequence of confirmed tumor existence. Our
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results have shown that some histopathologically verified malignant tumors had lower thermal
asymmetry than the above values. This asymmetry may be due to focusing on hypothermic
necrotic zones in malignant tumors during the measurement. The change in metabolism and
structural anatomical variations in the tumor region can explain the temperature asymmetry
between the tumor-affected and the contralateral region. Tumors have increased metabolism,
and in the tumor tissue, there are changes in the blood vessels that vascularize the tumor tissue,
consequently leading to an increase in temperature in the tumor region [29]. Macianskyte et al.
point out that angiogenesis leading to vascularization within the tumor occurs long before any
other clinical changes appear [8]. Lahiri et al. state that the reason for the hyperthermic reaction
of the malignant tumor zone lies in the fact that the blood vessels formed by malignant tumors
are endothelial tubes without a muscle layer and, therefore, cannot narrow upon sympathetic
stimulation, which causes a hyperthermic reaction due to vasodilatation [30].

Timely diagnosis of a parotid region. tumor is quintessential in maxillofacial surgery
because an advanced malignant tumor increases the possibility of complications and may
threaten the patient's life. For these reasons, every step towards the improvement of diagnostic
procedures is significant and deserves special attention. Our research has shown that the
presence of temperature changes may indicate the presence of tumors, more likely of malignant
tumors: A limitation of this study is the relatively small number of patients, so more extensive

research is needed in the future before this procedure can be routinely used.

CONCLUSION
Based on the statistical analysis of our results, we can conclude that determining the
temperature difference between the tumor-affected and contralateral sides may be an

appropriate a tool in diagnosing parotid region malignant tumors. In our opinion, this non-
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invasive and safe method with appropriate software development has diagnostic potential for

detecting parotid region tumors.
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Figure 1. Experimental set-up for the thermal measurement
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Figure 2. Thermograms of the affected area (left) and unaffected area (right) parotid regions
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Table 1. Distribution of the parotid region tumors according to tumor type and gender of the
patient

Malignant tumors Benign tumors/lesions

Type Male | Female | Total | (%) | Type Male | Female | Total | (%)

Metastatic tumor 7 3 10 | (52.6) | Warthin's tumor 6 3 9 |(52.9)

MALT 1 1 2 | @05) Pleomorphic 1 2 3 |ar7)

lymphomas adenoma

Adenocarcinoma 0 1 1 (5.3) Basal cell 0 1 1 (5.9
adenoma

Intraductal 1 0 1 | (5.3) | Sialadenitis 1 1 2 | (118)

carcinoma

Ade_nmd Cystic 0 2 2 | (10.5) | Lipomatosis 1 0 1 (5.9)

carcinoma

Sarcoma 1 0 1 (5.3) | Lymphadenopathy 0 1 1 (5.9

INon-Hodgklns 0 1 1 (5.3)

ymphoma

Acinic Cell

Carcinoma 0 . . (5.3)

Total 10 9 19 | (100) 9 8 17 | (100)

MALT — mucosa-assisted lymphoid tissue
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Table 2. Measurement results of the temperature of the parotid region according to the type

of tumor and the gender of the patients

Patient Gender Pathohistological T1 T2 Difference:
ID finding/diagnosis °C) | (°C) | T1-T2(°C)
Case 1 | Female | Metastatic cSCC 33.67 | 3352 | +0.15
Case 2 | Male Metastatic cSCC 33.97 |33.14 | +0.83
Case 3 | Female | Metastatic cSCC 3451 |33.98 | +0.53
Case 4 | Male Metastatic cSCC 34.33 |34.21 | +0.12
Case 5 | Male Metastatic cSCC 35.38 | 34.60 | +0.78
Case 6 | Male Metastatic cSCC 35.19 | 34.66 | +0.53
Case 7 | Male Metastatic cSCC 34.46 | 3391 | +0.55
Case 8 | Male Metastatic cSCC 3443 | 3451 |-0.08
Case 9 | Female | MALT lymphoma 33.72 | 33.37 | +0.45
Case 10 | Male MALT lymphoma 34.85 |35 -0.15
Case 11 | Female | Adenocarcinoma 33.18 | 33.02/ | +0.16
Case 12 | Male | Metastatic urothelial 34.98 | 33.66 | +1.32
carcinoma

Case 13 | Male Sarcoma 33.83 | 33.65-| +0.18
Case 14 | Male Intraductal carcinoma 33.21 |33.02 |-0.19
Case 15 | Female | Adenoid cystic carcinoma | 34.21 | 34.12 | +0.09
Case 16 | Female | Warthin’s tumor 35.07 |34.3 +0.77
Case 17 | Male Warthin’s tumor 33.67 |33.7 -0.03
Case 18 | Male Warthin’s tumor 3486 |34.72 | +0.16
Case 19 | Female | Warthin’s tumor 32.63 | 3249 |0.14
Case 20 | Male Warthin’s tumor 35.22 |34.43 |0.79
Case 21 | Male Warthin’s tumor 33.64 |33.61 |0.03
Case 22 | Male Warthin’s tumor 34.64 | 34.42 | +0.24
Case 23| Male Warthin’s tumor 33.46 |33.44 | +0.02
Case 24 | Female | Warthin’s tumor 33.72 | 33.12 | +0.6
Case 25 | Female | Adenoma pleomorphe 33.70 |339 |-0.2
Case 26 | Male Adenoma pleomorphe 34.02 | 33.39 | +0.63
Case 27 | Female | Adenoma pleomorphe 33.88 |34.29 | -041
Case 28 | Female | Basal cell adenoma 33.93 |33.58 | 0.35
Case 29 | Female | Sialadenitis 34.27 |35.21 |-0.94
Case 30 | Male Sialadenitis 34.84 |33.94 | +0.90
Case 31 | Female | Lymphadenopathy 35.26 | 34.36 | +0.90
Case 32 | Male Lipomatosis 35.33 | 35.38 | -0.05
Case 33 | Female | Adenoid cystic carcinoma | 34.21 | 34.12 | +0.09
Case 34 | Female | Non-Hodgkin's lymphoma | 34.88 | 31.61 | +3.27
Case 35 | Female | Aciniccell carcinoma 34.17 | 334 +0.77
Case 36 | Female | Metastatic melanoma 33.16 | 33.05 | +0.11

17

MALT — mucosa-assisted lymphoid tissue; cSCC — cutaneous squamous cell carcinoma; T1 —

the temperature of the side affected by the tumor; T2 — temperature of the tumor-free side
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Table 3. Paired samples T-test statistics output

Area Mean value Standard

Test type descriptions N (°C) deviation | Utest | df p-value

Affected area 36 34.27 0.70
Test 1 3577 |35 | 0.001*
(all tumors) Unaffected area | 36 33.88 0.77

Affected area 19 34.22 0.66
Test 2 3066 |18 | 0.007*
(malignant tumors) | Unaffected area | 19 33.69 0.78

Affected area 17 34.33 0.75
Test 3 Unaffected area | 17 34,09 0.74 1.934 |16 {0071
(benign tumors)

*statistically significant difference; df- degrees of freedom
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