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“Novelty and impact”: The processes of angiogen-
esis and tumor growth in malignant tumors causes an
increase in skin temperature. A skin temperature differ-
ence 20.85°C compared to the unaffected side can help
differentiate between benign and malignant tumors. In-
frared thermography can be used to suspect the benig-
nity or malignancy of tumor and propose a biopsy with
a shorter delay time, as well as avoid the possibility of
performing unplanned surgeries without prior diagno-
sis specially in small tumors.

Abstract

We evaluate the role of infrared thermography in the study of
soft tissue tumors and their ability to distinguish between benign
lesions and potentially malignant lesions.

Methods: 140 adults patients with a soft tissue tumors in limbs
have been studied by thermographic images of the affected side
and the contralateral healthy side. All patients underwent triple as-
sessment that consisted of clinical, radiological, and histopathologi-
cal examination, according to usual protocol.

Results: 79 tumors (56.4%) were soft tissue sarcomas, 61(43.6%)
were benign lesions. Temperature difference between the tumor
zone and the healthy zone in malignant tumors was 2,638°C +/-
0.082 p<0.05, statistically significant, in benign tumors tempera-
ture difference between the tumor zone and the healthy zone was
0.180°C +/- 0.057 no significant. Temperature difference shows a
high discriminant capacity, ROC curve 0.996, sensitivity 98.7%,
specificity 96.7%. Optimal cut-off point of temperature was 0.85°C.
With Likelihood positive ratio of 29.61.

Conclusion: We have observed statistically significant hyperther-
mia in all malignant tumors, unlike benign tumors in which there is
no statistically significant hyperthermia, thermography is a contact-
less diagnostic method which allows us to perform the test without
pain, without radiation emission, as many times as necessary, risk-
free and comfortable for the patient. Infrared thermography can as-
sess benignity or malignancy of a soft tissue tumor and propose a
biopsy with less delay time, as well as avoiding the possibility of per-
forming unplanned surgeries, specially in small malignant tumors.

Abbreviations: CT: Computed Tomography; IRT: Infrared ther-
mography; LCD: Liquid-Crystal Display; MRI: Magnetic Resonance
Imaging; ROC curve: Receiver Operating Characteristic; ROIl: Region
of interest; NDT: Non-destructive testing.
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Introduction

Soft tissue sarcomas (SPB) constitute a heterogeneous group
of neoplasms of mesenchymal origin, with the exception of
peripheral nerve sheath tumors that are of ectodermal origin.
They have an incidence of about 5-6 cases per 100,000 inhabit-
ants and represent 1% of all cancers [1].

There is no imaging test that can completely assure us that
a tumor is malignant. Magnetic Resonance Imaging (MR) can
help us in this regard, but as we see in normal practice, there
are benign tumors that can induce us to considere them as sar-
comas when they are not and vice versa [2,5]. Previous studies
have reported that malignant neoplasm, such as breast cancer
tumors and melanoma, present with skin temperature higher
than surrounding healthy tissue [6]. However, benign skin le-
sions, such as synovial cysts, dermatofibromas, granulomas, are
iso- or hypothermic compared with the surrounding healthy
skin [6]. Differences in heat generation between malignant and
healthy tissues have been attributed to differences in metabolic
rate, blood supply, and the presence of angiogenesis [7]. Stud-
ies on the relationship between soft-tissue neoplasm and ther-
mography are scarce [8].

Infrared thermography (IRT) is an imaging technique that al-
lows the detection of electromagnetic heat radiation emitted
by an object (the body in medical practice). Changes in the tem-
perature of the human body can be caused by disease, physi-
cal activity, mechanical or chemical stress and other factors [3].
The behavior of diseased tissue and tumors differs from that
of healthy tissue in terms of heat generation and blood sup-
ply, because of processes such as increase in metabolic rate,
angiogenesis, inflammation, changes in blood vessel morphol-
ogy, interstitial hypertension and impaired response to homeo-
static signals [4]. These physiological changes can be imaged by
means of infrared thermography camera in clinical diagnostic
applications [9]. The first modern infrared detector of lead-
sulfide photodetector, was originally developed for military
applications, around World War II. Later the technology was
released for civilian uses and thereafter IRT has been used in
medical sciences as well as in the field of non-destructive test-
ing (NDT). The advantage of IRT imaging in medical diagnos-
tics is that is non-invasive, it does not require the irradiation
of the body by an external source of radiation (such as, X-ray,
or the administration of contrast substances, as well, it does
not implies neither heavy nor expensive equipment. The most
numerous studies on the use of infrared thermography in tu-
mors have been developed in breast cancer [15,16,17,25]. In
earlier decades, IRT was typically used qualitatively, with visual
information captured by the detector converted to a color-cod-
ed or grayscale image, and visual patterns interpreted by the
naked eye only, without quantifying temperature differences.
The qualitative use of infrared information gave the method the
reputation of being an imprecise technique and unsuitable for
precision quantitative measurements and diagnostic applica-
tions, which added to the great advance and development of
imaging techniques such as magnetic resonance and computed
tomography during the 1980s and 1990s caused thermography
to fall into disuse, due to its slower technological development.
This has radically changed today with quantitative and dynamic
measurements. Advances in IRT detectors, camera technology,
computers, image processing techniques and software led to

the resurgence of interest in infrared thermography in biomedi-
cal applications [3,4,7,9,10].

This work aimed to assess the difference in skin temperature
between the healthy side and the pathological side in soft tissue
tumors and to evaluate the role of infrared thermography in the
study of soft tissue tumors and its ability to distinguish between
benign and malignant neoplasm.

Materials and methods

This is a prospective cohort observational study that was ap-
proved by the Institutional Review Board (2020-395). Informed
consent requirement was waived. The study follows the guide-
lines of the Declaration of Helsinki of 1964 with its later revi-
sions. The work included 140 adult patients with a soft tissue
tumor in limbs cared for in our hospital, MD Anderson Cancer
Center Madrid, from janvier 2020 to june 2021, who gave their
informed consent to participate in the study.

The study is descriptive, taking thermographic images of the
tumor side and the healthy side, these images are free of risk for
the patient and no change was made up to the usual diagnostic
protocol in this type of tumor [1]. The thermographic images of
the affected side of the patients were obtained using a digital
infrared camera FLIR Systems. It is a compact light weight focal
plane array-based system with a temperature resolution of 45
mK, <0.045°C. The image matrix size was 640x480 pixel. A high-
resolution real time image was provided on the Liquid-Crystal
Display (LCD). The emissivity setting on the thermal imaging
camera was 0.98. It is advisable that the subjects should refrain
from exposure to direct sunlight and uses of cosmetics, antiper-
spirants or deodorants immediately before the thermography
examinations. A thermal acclimation time is required for the
subjects to achieve thermal equilibrium (9,10). Before the re-
cording, patients were acclimatized in a room with a mean tem-
perature of 21°C (range, 20.5°C-22.5°C) and a relative humidity
of 50% (range, 45%-55%) for 15 min. After acclimatization of the
patient in the room, the thermographic study was carried out,
the shots were made 50-80 cm from the patient and always try-
ing to capture the images at an angle of 90 grades. The region of
interest (ROI) was defined as the area encompassing the entire
tumor on the affected side and the area symmetrical to the af-
fected side on the unaffected side. As every participant had a
different tumor location, the area of the selected ROIs could
not be equal. However, the ROl on the affected and unaffected
sides of an individual could be the same. The areas under study
were delimited, the palpable tumor zone (region of interest)
and the contralateral healthy zone (intraindividual control).

On the affected side, the temperature of the skin just above
the tumor was measured over the entire tumor area on the re-
corded thermogram, and the average of all temperatures was
calculated. The same measurements were made on the unaf-
fected side. The recorded thermograms were analyzed using
the corresponding software of the cameras (Flir Tools +) R.

At least three shots of each projection, frontal, medial and
lateral, were captured according to the location of the tumor,
which were later studied using the thermal camera software.
Temperature measurements of the tumor area and its equiva-
lent on the contralateral side were performed, as well as a study
of isothermal regions and temperature gradient. Skin temper-
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ature difference was defined as the difference between the
mean skin temperature in the affected and unaffected regions.

The software supplied with the camera, FLIR ToolsR, was
used to find areas of the tumor having different temperature
gradients by generating a color-coded, processed image of the
tumor showing suspicious foci. All patients underwent imaging,
MRI and/or Computed Tomography (CT) studies and a biopsy
study with tru-cut guide biopsy, according to usual protocols
[1]. We can see examples of various cases in Figures 1-5.

Statistical analysis

The statistical program Statistical Package for the Social Sci-
ences (SPSS) was used, and the Kruskal-wallis and U-Mann-
Withney tests were applied to compare the means of the dis-
tributions of the quantitative variables in the different groups
established by the categorical variable. The study of the dis-
criminant capacity of temperature in tumoral area and the
ideal cut-off point of temperature was carried out to assess the
probability of risk of tumor lesion being malignant by means of
the area under ROC curve (Receiver Operating Characteristic),
We compared differences in skin temperature values between
benign lesions and malignant tumors. (ROC) curve analyses
were conducted to determine the skin temperature difference
thresholds between affected and unaffected tissues to differen-
tiate between benign lesions and malignant tumors.

Results

140 adult patients with soft tissue tumors were studied, 79
(56.4%) were diagnosed as soft tissue sarcomas after the biopsy
study, and 61(43.6%) turned out to be benign lesions. The me-
dian age of the cohort population was 48 +/- 1.8 years old. 72
male (55.71%) and 68 female (48.57%). The mean temperature
of the healthy area, contralateral side of tumor zone, in malig-
nant tumors group was 31,924°C +/- 0.160, the average tem-
perature of the pathological area in malignant tumors group
was 34,562°C +/- 0.146. In benign tumors group the average
temperature on the healthy zone, contralateral side of tumor
zone, was 32,484°C +/- 0.208 and the average temperature in
the area of the tumor was 32,664°C +/- 0.218.

The mean temperature of the healthy area of patients with
malignant tumor confirmed diagnosis was 31,924°C +/- 0,160
while the average temperature in the pathological zone was
34,562°C +/- 0,146. This diference (2,638°C +/- 0,082) was sta-
tistically significant (p<0,05). As for patients with a confirmed
diagnosis of benign tumor, the average temperature on the
healthy side was 32,484°C +/- 0,208 and the average tempera-
ture in the area of the tumor was 32,664°C +/- 0,218, the dife-
rence of temperature (0,180°C +/- 0,057) showed no statistical-
ly significance. There are statistically significant differences in
the mean value of the temperature difference between benign
and malignant tumors (Graphic 1).

There were no statistically significant differences in the mean
temperature value between the different groups of TNM in ma-
lignant tumors (p>0.05), although the greatest temperature dif-
ference occurred in the largest tumors (Table 1).

However there is a statistically significant difference in the
mean value of the pathological side temperature between
the different degrees of tumor in malignant tumors (p<0.05),
a greater temperature gradient in high-grade tumors (Table 2).

The temperature difference (Temperature gradient) between

the healthy side and the tumor side in malignant tumors shows
a high discriminant capacity with an area under the ROC curve
of 0.996 (95% CI 0.988 to 1,000) (Graphic 2).

An optimal cut-off point of temperature can be identified at
0.85°C, with a sensitivity of 0.987 and a specificity of 0.967. If
the temperature difference between the area of the tumor and
the healthy side is greater, the odds of the tumor being malig-
nant are very high (Likelihood positive ratio: 29.61) (Table 3).

Graphic 1: Skin temperature differences.
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Graphic 1: A comparison of skin temperature differences between
benign lesions and malignant tumors. The average + standard de-
viation skin temperature difference in benign lesions (32,664°C
+/- 0,2189). In malignant tumors the average + standard deviation
skin temperature difference was (34,562°C +/- 0,146) (p<0.05).
The skin temperature difference in malignant tumors was found
to be statistically significantly higher than that of benign lesions
(p<0.05). The vertical axis shows the value of the difference in skin
temperature.

Graphic 2: Receiver-operating characteristic curve (ROC
Curve): temperature differences between benign and malig-
nant tumors.
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Graphic 2: Diagnostic performance area of the temperature gradi-
ent in the identification of a malignant tumor. Receiver-operating
characteristic curve (ROC Curve): analysis of skin temperature dif-
ferences between benign and malignant tumors. The cut-off value
for the difference in skin temperature was 0.85°C. The area under
the curve was 0.996, and, sensitivity, and specificity were, 98.7,
and 96.7, respectively.
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Figure 1: A. Patient with palpable tumor in the anterior region of the left thigh of several months of
evolution.

B. The thermographic study in the palette color mode did not detect differences of temperature in the
area of the tumor (average temperature 30,6°C), with respect to the contralateral healthy zone (aver-
age temperature 30,8°C).

C,D. Upon arrival at the consultation, the patient provides an MRI report from another center with a

diagnosis of possible sarcomatous tumor.
E. The biopsy study confirmed that it was an ossifying myositis.
\\F. Maximum, minimum and average temperatures of each area.

m

B. MRI heterogeneus large mass suggesting soft tissue sarcoma.

contralateral side (average temperature 31,1°C).

area of the contralateral normal side.

\\F. Maximum, minimum and average temperatures of each area.

e o _ LR 3 “ IL_.. - .
Figure 2: A. Patient with a large tumor in the anterior region of the right thigh.

C. Significant hyperthermia was observed in the thermographic study in the palette color mode (aver-
age temperature 34,3°C),(white color represents the hottest zone), respect to the same area of the

D. Significant hyperthermia in the isothermal analysis mode, of the tumoral side respect to the same

E. The diagnosis of pathological anatomy was high-grade pleomophic sarcoma.
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Discussion

Malignant tumors are often hypervascular, resulting in tem-
perature elevation. More specifically, an abnormally elevated
temperature in the breast cancer can indicate vascular issues
or malignancy. A temperature difference that ranges between 1
and 2.5°C has been suggested to be a suspicious clinical finding
[8,25,26]. In this study, we found that skin temperature differ-
ences in malignant soft-tissue tumors were often higher than
those of benign lesions. ROC curve analysis indicated that the
cut-off value for skin temperature differences between benign
lesions and malignant tumors was 0.85°C although a difference
in skin temperature of 0.4°C between the healthy side and the
pathological side can help us to suspect the possible existence

of malignant tumors, the sensitivity and specificity of the test, is
very high, sensitivity 0.987 and specificty 0.967, and that alows
us to detect the chances of malignancy or benignity of a tumor
in a patient who comes to our consult and to begin treatment
faster, using a rapid, risk-free and comfortable test for the pa-
tient.

Neoplasm generally have an increased blood supply and an
increased metabolic rate which leads to localized high tempera-
ture spots over such areas, rendering them to be visualized by
IRT. Blood vessels, produced by cancerous tumors are simple
endothelial tubes devoid of a muscular layer. Such blood vessels
show a hyperthermic pattern due to vasodilatation [18]. Met-
abolic activity and vascular network in cancerous lesions and
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our consultation with a diagnosis of synovial cyst.
B. Significant hyperthermia in the isothermal analysis mode.

temperature 33,62C), white color represents the hottest zone.
D. Contralateral healthy foot.

F. After biopsy, intermediate grade synovial sarcoma was confirmed.

N

C. Significant hyperthermia was observed in the thermographic study in the palette color mode (average

E. Thermographic study of the contralateral healthy side (average temperature 31,22C).

E_—
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Figure a: A, B. Color péleft.é th

=

D,E. Photograph of the tumor in the right popliteal fossa.

confirmed.

\

ermgra;)hyof a tumor in the ri—éht bopliteal fossa, there is no increase in tem-
perature between the area of the tumor and the healthy contralateral area.
C. Thermography in isothermal mode showing the absence of hyperthermia in the tumor.

F. MRl image T1-weighted sequence, sagittal plane with a tumor with a lipomatous appearance.
G. After an anatomopathological study, a soft tissue tumor compatible with a mature lipomatous tumor was

/
~

/

in the surroundings of a growing tumor are always more pro-
nounced than in the normal tissue. The processes of angiogen-
esis and tumor growth in malignant tumors causes an increase
in temperature. Intertumoral blood supply influenced elevated
skin temperature in malignant soft-tissue tumors.

In this study we can objectify how malignant soft tissue tu-
mors have a very significant temperature difference between

the tumor area and the contralateral healthy area, as well as
between benign tumors, which do not show significant tem-
perature differences between the tumor area and the healthy
contralateral area. We have already mentioned how the pro-
cesses of angiogenesis and tumor growth in malignant tumors
causes an increase in temperature, this has already been seen
in different works on breast cancer, melanoma and malignant
urinary bladder tumors, making the termographic test a meth-
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Average

Max

history of chronic lymphedema in the left arm due to breast cancer.

the surrounding area of the forearm.
ing area of the forearm.

E. Maximum, minimum and average temperatures of each area.

Figure 5: A. patient with a papular and reddish lesion on the forearm of several weeks’ evolution and with a

B. In the thermographic study, significant hyperthermia of the lesion was observed, in the color palette mode
(average temperature 35°C), the white color represents the hottest area. There is no temperature increase in

C. Significant hyperthermia, in the isothermal analysis mode, of the tumoral region respect to the surround-

D. After biopsy, an angiosarcoma was confirmed in the context of Stewart Treves syndrome.

/

Table 1: Relationship between the temperatures and the
TNM tumor staging.

Table 2: Relationship between temperatures and the tumor

Relationship between the temperatures of the healthy side and the af-
fected side and the TNM tumor staging in patients with a diagnosis of
soft tissue sarcoma. There were no statistically significant differences
in the mean temperature value between the different groups of TNM
in malignant tumors (p>0.05), although the greatest temperature dif-
ference occurred in the largest tumors.

grade.
T2
™M T2 hfealthy pf-)thological Terrlperature T2 Ta Temperature
side 5"‘:'9 area of Difference Tumor Grade healthy | pathological side Difference
interest side area of interest
Average 31,16 33,76 2.60°C Average 31,85 34,05 2.20°C
T1A N 13 13 Low N 17 17
Desviation 1,0850 1,2546 D;i’;a‘ 1,5456 1,4984
Average 32,07 34,53 2.46°C Average | 31,77 34,27 2.50°C
T1B N 13 13 N 26 26
Desviation |  1,4532 1,0088 Intermediate | ————
Average 32,34 34,89 2.55°C tion 11782 0,9263
T2A N 15 15 Average 32,06 35,01 2.95°C
Desviation 1,2783 1,3761 High N 36 36
Average 31,96 34,71 2.75°C ia-
e . & o - Dzi’r:a 1,5435 1,3169
Desviation 1,5145 1,2874 Average | 31,92 34,56 2.64°C
Average 31,92 34,56 2.64°C Total N el 79
Total N &) &) Desvia- |1 4217 1,3004
Desviation 1,4217 1,3004 tion

Relationship between the temperatures of the healthy side and the
affected side and the tumor grade in patients with a diagnosis of soft
tissue sarcoma. There is a statistically significant difference in the mean
value of the pathological side temperature between the different de-
grees of tumor in malignant tumors (p<0.05), a greater temperature
gradient was confirmed in high-grade tumors.
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Table 3: Curve Co-ordinates: Test result variables: Tempera-
ture difference.

Positive if tota:;;:‘e;??qrz; :r;;C is greater Sensitivity | 1- Specificity
0,4000 0,987 0,295
0,4500 0,987 0,262
0,5500 0,987 0,197
0,6500 0,987 0,131
0,7000 0,987 0,098
0,7500 0,987 0,082
0,8000 0,987 0,066
0,8500 0,987 0,033
0,9500 0,975 0,033
1,1000 0,975 0,016
1,2000 0,962 0,016
1,3500 0,962 0,000
1,5500 0,949 0,000
1,6500 0,924 0,000
1,7000 0,911 0,000
1,7500 0,886 0,000
1,8500 0,861 0,000
1,9000 0,835 0,000
1,9500 0,823 0,000
2,0500 0,797 0,000
2,1500 0,759 0,000
2,2000 0,722 0,000
2,2000 0,709 0,000
2,2500 0,684 0,000
2,3000 0,633 0,000
2,3500 0,620 0,000
2,4000 0,582 0,000
2,4500 0,570 0,000
2,5500 0,557 0,000
2,6500 0,544 0,000

An optimal cut-off point of temperature can be identified at 0.85°C,
if the temperature difference between the area of the tumor and the
healthy side is greater, the odds of the tumor being malignant are very
high (Likelihood positive ratio: 29.61).

od to consider for detection and monitoring [6,7,11-13,15-17].
These results allow us to assess the suitability of the use of this
technique as a method of diagnostic approach in soft tissue tu-
mors, allowing us with a high sensitivity and probability to as-
sess whether a tumor can be potentially malignant.

It should be noted that the thermography is a contactless
diagnostic method based on the recording of the radiation heat
emitted from the human body using a infrared camera which
allows us to perform the test without pain, without radiation
emission, as many times as necessary and it allows us to expe-
dite decision-making, especially in small tumors where imaging
tests such as MRI can lead to diagnostic and interpretation er-
rors. We have seen that high-grade tumors show a significant
increase in temperature (Table 2), but with regard to size this is
not the case, observing how small malignant tumors have high
temperature differences, (Table 1) which it is very important
not to neglect the malignant potential of small tumors, espe-
cially in acral regions.

There are very few studies on thermography and soft tissue

sarcomas, in 1987 Sanchez Estella R, et al. studied using infrared
thermography 8 patients with soft tissue tumors, 6 sarcomas
and 2 lipomas, hyperthermia of 2.83 +/- 0.39°C was confirmed
in sarcomas and in an area greater than that seen in clinical ex-
amination and hypothermia in patients with lipomas. They de-
scribe a sensitivity of 80% and a specificity of 100%, with a posi-
tive predictive value of 100% and a negative predictive value of
66.6%. In that work the study was about a very small sample
[19].

In another work by Gardani et al. 1983, the authors study the
thermographic behavior of bone and soft tissue tumors (168
malignant), submitted for examination from 1971 to 1981, they
had been retrospectively analyzed and statistically evaluated.
In the group of malignant neoplasms, thermography reached a
good sensitivity (81.5%), a little better (but not significantly) in
soft tissue tumors. Mainly three pathological features have been
analyzed: histological type, size and site of neoplastic masses.
None of them appears to be related with the result of thermo-
graphic examination [20]. Another study by Farrell et al. in 1968
indicate that thermography is useful in evaluating patients with
osteosarcoma. It may be employed to determine local extent
and vascularity of the primary tumor, recurrence, and metasta-
ses. Nineteen patients with osteosarcoma have been evaluated.
The primary tumor was accurately outlined in the 14 patients
who presented with a primary lesion and the thermogram were
correlated with roentgenography. Metastatic lesions and recur-
rent tumor were detected often, and frequently the thermo-
gram was the first evidence of disease [21]. Shimatani et al. in
a recent study ussing infrared thermography report statistically
significant difference found in tumor-related temperature dif-
ferences in the healthy and affected sides of benign lesions and
malignant tumors in 118 soft-tissue tumors, excluding adipose
tumors. Using a ROC curve, a cut-off value of 0.2°C was consid-
ered a meaningful index for the skin temperature difference.
They found that the area under de curve vas 0.75, and the odds
ratio, sensitivity and specificity were 6.71, 0.67 and 0.77 respec-
tively. According this autors the factors contributing to the skin
temperature differences were unrelated to the size and depth
of the tumor [26]. In our study, the thermographic test showed
a temperature difference of more than 2.5°C on average in all
malignant tumors, regardless of tumor size, compared to the
healthy side, which did not occur with benign tumors, only in
some non-sarcomatous tumor types, such as villonodular syno-
vitis, and desmoid fibromatosis, a temperature difference val-
ues of 0.5°C were found compared to the healthy side.

In our work we have observed significant hyperthermia in
all malignant tumors, which is greater in high-grade sarcomas,
using a ROC curve, a cut-off value of 0.85°C was considered a
meaningful index for the skin temperature difference from
which we can say with high probabilities that a soft tissue tumor
could be malignant. On this point we differ from the Shimatani
study, which set a cut-off temperature of 0.2°C. We think that
temperature differences below 0.5°C could not be attributed to
a malignant process, but rather to a benign tumor with possible
local aggressiveness. All the neoplasms in this work were pal-
pable tumors. We find that the area under de curve was 0.996
(95% Cl 0.988 to 1,000). with a sensitivity of 0.987 and a speci-
ficity of 0.967. This makes this test one more aid in the manage-
ment of these tumors than sometimes because of their great
variability and heterogenicity in imaging tests can induce diag-
nostic errors, catalog sarcomas as benign lesions and vice versa
especially in small lesions which could lead unplanned excision
(“whoops” procedure) [22,23].
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This technique can also be useful for preoperatively evaluat-
ing the local extent of sarcomas since it can be used to know
the infiltration associated with them, as well as the study of re-
currences after unplanned surgeries, where MRI type imaging
tests may not be resolutive to allow us to plan a surgery with a
sufficient safety margin, which we are currently studying.

IRT real role in clinical practice could only be evaluated
through a large multicenter trial that would estimate the ac-
curacy of digital thermography in soft tissue sarcoma evalua-
tion. We must work in developments in infrared imaging and
supportive technologies that meet the needs and challenges
for developing sensitive, reliable, and inexpensive quantitative
diagnostic tools for early detection of soft tissue sarcomas and
potentially staging of the disease in vivo.

We acknowledge a few limitations of this study. First, ther-
mography is not useful for the definitive diagnosis of malig-
nancy, biopsy is always necessary. Second, all patients in this
study had palpable tumors, so very deep non-palpable tumors
may have attenuation of measured surface temperature, which
could lead to an inconclusive result.

Conclusions

IRT imaging is a non-contact, non-invasive, inexpensive and
accessible imaging modality method, and this feature offers ad-
vantages in terms of ease of application and the ability to image
larger surface areas and multiple lesions.

Infrared thermography can be used to suspect the benignity
or malignancy of a soft tissue tumor and propose a biopsy with
a shorter delay time, as well as avoid the possibility of perform-
ing unplanned surgeries, specially in small tumors, which can
cause temptation to perform a excision without prior diagnosis
[22,23].

Skin temperature differences measured with IRT may help
in diagnosing malignant soft-tissue tumors. A skin temperature
difference 20.85°C compared to the unaffected side can help
differentiate between benign and malignant tumors.

The rapid development of advanced infrared detectors and
the reduction in costs are very promising, and their integration
in a smartphone-like device is now a reality, which would allow,
for example, the use of infrared thermography in primary care
and this could avoid false benign diagnoses in small malignant
tumors and delays in their referral to a specialized center, which
would facilitate the possibilities of early treatment of a possible
sarcoma. This makes this test one more aid in the management
of these tumors than sometimes because of their great vari-
ability and heterogenicity in imaging tests can induce diagnostic
errors, catalog sarcomas as benign lesions and vice versa espe-
cially in small lesions which could lead unplanned excision.

The importance of making a diagnostic approach in terms
of benignity or malignancy in the first consultation would be of
great importance when it comes to the peace of mind of the
patients and thear family.
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