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Background: Infrared thermography is a painless, noninvasive, nonionizing diagnostic imaging exam used in human medi-

cine as an auxiliary tool for breast cancer diagnosis in women.

Hypothesis/Objectives: Define thermographic mean temperatures of healthy mammary glands and compare these tempera-

tures with those of mammary glands with tumors in dogs.

Animals: Fifty client-owned female dogs were evaluated, including 20 with histopathologically confirmed mammary tumor

and 30 clinically healthy (control).

Methods: A randomized study using infrared thermography analyzed each mammary gland of the animals from the con-
trol group and mammary glands with tumors from the tumor group, then the thermographic temperatures obtained were
compared. Thermographic exam was performed in a temperature-controlled room with a cooled thermographic camera—Flir

E-40 (Flir Systems®)

Results: There was significantly a higher temperature in the caudal abdominal and inguinal mammary glands than the
other glands in the healthy group (P < .05). Dogs with mammary tumors had significantly higher thermographic temperature
compared with unaffected glands regardless of the tumor size and the location (P < .05).

Conclusions and clinical importance: The technique seems to be able to assess for the presence of neoplasia within the
mammary tissue in bitches. Further investigation is necessary to determine the impact of this technique when adopted clini-

cally.
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Infrared thermography is an auxiliary diagnostic
imaging tool that measures the surface temperature
of an object or body by its heat emission. It is a nonin-
vasive and painless exam that does not use radiation or
contrast."? In humans, medical thermography is used in
several medical specialties such as angiology, rheumatol-
ogy, sports medicine, plastic surgery and in oncology
especially for breast cancer diagnosis in women.>
Breast thermograms have been used for the early
detection of cancer to improve the diagnostic accuracy
of mammography.®® Thermography offers advantages
for detecting nonpalpable breast tumors in young
women, as the increased density of breast tissue makes
the radiographic exam difficult.” ' First studies in
women with breast cancer showed a mean sensitivity
and specificity of 90% of the thermography.''™'* Ther-
mography has a sensitivity of 83% in detecting breast
cancer in women and thermography associated with
mammography has a sensitivity of 95%.%1%16
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Abbreviations:

BTU/s British thermal unit/seconds

°C degrees celsius

Ml cranial thoracic mammary gland
M2 caudal thoracic mammary gland
M3 cranial abdominal mammary gland
M4 caudal abdominal mammary gland
M5 inguinal mammary gland

n number

Mammary tumors in dogs are commonly diagnosed by
palpation of the mammary gland without complementary
exams. To the authors’ knowledge, no temperature-con-
trolled environmental studies have been done to demon-
strate the use of infrared thermography as an auxiliary
diagnostic tool for mammary tumors in this species. The
aim of this study was to define the thermographic temper-
ature of healthy mammary glands in dogs and compare
the temperature of glands with mammary tumors with
normal glands using infrared thermography.

Materials and Methods
Dog Selection

This was a single-institution, prospective study including 50 cli-
ent-owned dogs admitted to the Veterinary Teaching Hospital at
the Federal University of Parand, Brazil. The inclusion criteria for
the control group were absence of mammary nodules, normal
physical and skin examination, and normal complete blood count.
The infrared thermography was performed first and then the phys-
ical exam with palpation of mammary glands, skin examination,
and jugular puncture for blood work, if something abnormal was
found, the animal was excluded from the study. The tumor group
included female dogs with diagnosed mammary tumor, regardless
of the number and size of nodules, the criteria was presence of
mammary nodules and surgery resection scheduled.
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Twenty female dogs with tumors (n = 36 tumors) confirmed by
histopathology formed the tumor group and 30 dogs with healthy
mammary tissue formed the control group.

To prepare for thermography, careful trichotomy of the ventral
thoracic and abdominal area was performed, every mammary gland
has been wide clipped around, using a professional hair clipper 2
hours before the exam. A maximum of 5 dogs at a time were allowed
inside the temperature-controlled room maintained at 22°C and
55% relative humidity.'>!” The dogs were kept in the room for 1
hour before the exam to acclimate. The room was completely closed,
with no interference by sunlight or other environmental tempera-
ture. The walls and ceiling were made of concrete and the floor was
covered with floor tiles. The total size of the room was 12 cubic
meters; the power of the air conditioner used was 30,000 BTU/s.*

Using physical restraint and without touching the mammary
gland area, animals were put in dorsal recumbency on a metal
table for the thermographic exam, which was completed in a mean
of 3 minutes. Chemical restraint was not allowed in order to pre-
vent heat loss because of the interference by anesthetic drugs with
the blood supply to the skin.'®

Thermographic images were obtained with the camera posi-
tioned at a distance of 40 cm from the skin surface, forming an
angle of 90° between the operator and the dog. Each mammary
gland was imaged individually on the right and left sides and
referred to as the cranial thoracic (M1), caudal thoracic (M2), cra-
nial abdominal (M3), caudal abdominal (M4), and inguinal mam-
mary glands (MS5). The operator of the camera was blind to the
physical examination results, and to evaluate the thermographic
images in the software, another person also blinded to the previ-
ous results was elected.

The thermographic camera used was a Flir E-40° , which has a
thermal sensitivity of 0.07°C, temperature range of 20 negative
degrees to 650°C, automatic hot/cold detection, image resolution
of 160 x 120 pixels, field of view 25°x19°, spatial resolution of
2,72 mrad, focal plane array detector, uncooled microbolometer,
spectral range of 7.5-13 um, image frequency of 60 Hz, and an
integrated color camera of 3.1 megapixels. To obtain the mean
temperature of the healthy mammary glands, Flir Systems® soft-
ware v.1.2 was used. A 60-mm-long and 50-mm-wide rectangle
was drawn around the nipple, using it as the centee point, result-
ing in an image of 227 x 189 pixels (Fig. 1). For neoplastic mam-
mary glands, a rectangle was drawn around the tumor according
to its size (Fig. 2).
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Fig 1. Thermographic image of the abdominal cranial mammary
glands of a 7-year-old mixed breed bitch. Mean temperature of the
left mammary gland was 33.4°C whereas the right mammary gland
was 34.2°C. Rectangles delimit the area of the mammary glands,
forming an image of 227 x 189 pixels.

Fig 2. Thermographic image of a tumor involving the caudal
abdominal and inguinal mammary glands on the right side. Rect-
angles delimit the area of the tumor.

After obtaining the images, physical examination was per-
formed to assess respiratory rate, heart rate, capillary refill time,
lymph node size, mucous membrane color, rectal temperature,
hydration status, and tumor measurement when present, also in
every patient mammary palpation was performed carefully to eval-
uate for tumor presence. Cutaneous examination of the mammary
gland region was done to check for the presence of scars, skin dis-
eases, or injuries that could interfere with skin temperature. Rela-
tive to the weight of the animals, within each group (control and
tumor), we divided them into groups such as small, medium, and
large size. To determine the size of the tumors in the tumor group
we used a caliper rule to measure and classify them as the TNM
staging system modified for mammary tumors in dogs."

The animals of the tumor group had mammary resection the
same day as the thermographic exam was performed. Tumors
removed at mastectomy were immersed in 10% formalin and sent
for preparation of histological slides, the stain used was hema-
toxylin—eosin and after preparation an experienced pathologist and
a pathologist in training read them.

Statistical Analysis

Grubb’s test was performed on both groups (control and
tumor) to identify outliers.

Shapiro-Wilk test was performed to evaluate the normality dis-
tribution of the thermographic temperatures from both groups
(control and tumor) and to evaluate the age and size of all animals
studied.

Two way ANOVA and Bonferroni posttest were performed to
assess the temperature difference of the mammary glands between
the left and right sides in the control group and to compare M1,
M2, M3, M4, and M5 with each other in the healthy mammary
gland group.

Afterward, the thermographic results obtained in the control
and in the tumor group were compared using the unpaired z-test.
Values were considered significant when P < 0.05. Statistical anal-
ysis was performed using Graph Prism® v.5 software.

This study was approved by the Ethics Committee on Animal
Use CEUA/SCA 062/2011.

Results

The control group was comprised of 30 dogs of dif-
ferent breeds with a mean age of 6 years. The tumor
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group included 20 dogs of different breeds with a mean
age of 8 years. The age of both groups was normally
distributed. The size of the animals also presented nor-
mal distribution. None of the bitches of this study were
intact.

None of the animals evaluated (healthy or with
tumors) presented scars, injuries, or any skin diseases,
which could interfere with the thermographic tempera-
ture, hence there was no need to exclude any animal
from the study.

Results of the comparison between the thermographic
temperature of the right and left side of the mammary
glands in the control group and the thermographic tem-
perature between each mammary gland within the con-
trol group (P < 0.05) are detailed in Table 1 and the
statistical analysis results are depicted graphically in the
Fig. 3.

In the tumor group, one value of 35°C was recog-
nized as an outlier by the Grubb’s test and excluded
from the analysis; this was the only benign tumor (sin-
gle adenoma) diagnosed by histopathology in this study.
The remaining animals had malignant neoplasms,
among which simple adenocarcinoma (papillary cystic)
was the most common type (n = 20/35 tumors), other
types were tubular adenocarcinoma (n = 9/35), mixed
tumor carcinoma (n = 3/35), complex carcinoma (n = 2/
35), and inflammatory adenocarcinoma (n = 1/35).

The number of tumors, location, prevalence size,
means, and standard deviations of the thermographic
temperatures from the mammary glands in the tumor
group are detailed in Table 2.

Based on the statistical results, healthy mammary
glands were grouped into cranial (M1, M2, and M3)
and caudal (M4 and MY). The same groups were orga-
nized into the tumor group for further evaluation.
There was a thermographic temperature difference
between the control and tumor groups (P < 0.05), in
M1 and M3 (Fig. 4) as well as between M4 and M5
(Fig. 5).

Table 1. Means and standard deviations of thermo-
graphic temperatures of mammary glands in control
group (healthy dogs).

Left Right Means

Mammary Mammary Mammary Left and Right

Glands Group  Glands (T°C)  Glands (T°C) Sides

M1—Cranial 34.87 + 1.95 35.28 + 2.05 35.078 + 1.99
thoracic

M2—Caudal 35.05 + 2.01 3537 + 1.74 35.234 + 1.86
thoracic

M3—Cranial 35.60 + 1.88 3591 + 1.48 35.758 + 1.73
abdominal

M4—Caudal 36.13 + 1.94 36.60 + 1.38  36.370 + 1.69"
abdominal

M5—Inguinal 36,30 + 1.86 36.25 +£2.08  36.282 + 1.96"

*P < 0.05 M4 and M5 mammary glands showed a higher tem-
perature compared with M1 and M2. M3 did not differ from the
others. There were no significant differences between the thermo-
graphic temperatures of the left and right side.

temperature

Groups

Fig 3. Thermographic temperature comparison between mam-
mary glands in the control group. M1: cranial thoracic mammary
glands; M2: caudal thoracic mammary glands; M3: cranial abdom-
inal mammary glands; M4: caudal abdominal mammary glands;
MS5: inguinal mammary glands. Different letters mean there is a
statistically significant difference by Tukey’s test (P < .05).

There was no significant temperature difference
between the tumors considering their sizes. The smallest
tumor evaluated was 0.5 cm in diameter and 0.5-cm
deep, and presented a temperature of 37.8°C. The lar-
gest tumor was 20 cm in diameter and 8-cm deep and
presented a thermographic temperature of 38°C.
Regardless of the tumor size, all tumors had higher
temperatures than healthy mammary glands (Table 2).

Considering all the mammary glands in this study,
the mean thermographic temperature of the control
group was 35.07 versus 37.86°C for the tumor group, a
variation of 2.79°C. The mammary glands with tumors
have higher temperatures than the other glands, besides
that, temperature variation between the tumors also has
been observed.

Discussion

This study demonstrates that thermography exam can
be performed by veterinarians in routine consults to try
and diagnose malignant mammary tumors. In dogs,
most mammary tumors are first diagnosed by palpation,
usually by their owners. About 70% of these tumors
are malignant’® and exams to improve clinical diagnosis
are essential in order to have a better management and
clinical outcome. Other auxiliary tools are used in
women to diagnose or follow tumor progression, such
as mammography, magnetic resonance imaging, ultra-
sound, and cytology. Through these exams, diagnoses
are based on anatomical changes in the mammary
glands; it can take years for a tumor to grow large
enough to be detected by these methods. Thermography
diagnosis is based on temperature variations related to
changes in blood flow and the metabolism of the
affected mammary cells.'®?! Again in women, thermog-
raphy has been used to improve the sensitivity of tumor
diagnoses.
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Table 2. Number of tumors, means, and standard deviations of thermographic temperatures from mammary glands

in tumor group.

Mammary Left Right Means Left Number Prevalence
Glands Mammary Mammary and of of
Tumor Group Tumors (T°C) Tumors (T°C) Right Sides Tumors Tumor Size®
Ml - 38.4 38.4 1 T2
M2 38.5 37.9 £ 0.14 38.2 + 0.36 4 Tl
M3 379 + 0.14 38 +£0.33 37.95 £ 0.27 6 T2
M4 38.23 + 0.94 38.1 +£0.34 38.16 + 0.56 8 T3
MS5S 38.22 £ 0.83 38.28 + 0.76 38.25 £ 0.75 16 T3

No statistical difference between temperatures when comparing tumors with different sizes and locations.
3Size: TNM staging system modified for mammary tumors in dogs (Withrow et al.'?).
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Fig 4. Thermographic temperatures in M1, M2, and M3 in the
control and tumor groups. *Statistically significant difference
between groups (P < .05).
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Fig 5. Thermographic temperatures in M4 and M5 in the control
and tumor groups. *Statistically significant difference between
groups (P < .05).

One of the crucial factors in performing thermogra-
phy exams is the room used for the examination. A pre-
vious study®” in horses concluded that thermographic
exam must be performed in a room with temperature-
controlled. Another study® in joints of horses also
observed a positive correlation of increase or decrease
in temperature of the joints according to the variation
of the surrounding temperature, the hotter the ambient
temperature, the higher the thermographic temperature
of the measured joint.

In this study, the temperature-controlled room was
set up according to the recommendations of the litera-
ture about breast thermograms in women.’*** These
authors described how the dog should stay in the room
for a minimum of 15 minutes before the thermographic
exam; in our study, a 1 hour acclimatization period was
used to ensure thermal balance between the mammary
glands and the room temperature in all animals, as
there are no references regarding the optimal tempera-
ture and acclimatization period for mammary thermog-
raphy in dogs.

According to the accessed studies, all malignant
breast tumors were warmer than healthy breast tissue,
regardless of their size and location.'®2"?%*” However,
another study observed lower increases in temperature
in smaller and deeper tumors.”® In bitches, the anatomy
and size of the mammary glands are different from
those found in women, providing one possible reason
for the lack of difference in temperature between the
tumors in our study.

The microcirculatory activity in preneoplastic and
neoplastic mammary tissues is described as higher than
normal because of the necessity for an abundant supply
of nutrients in order to maintain the growth of abnor-
mal cells.>'® Tumor angiogenesis is stimulated by the
release of several factors, such as endothelial growth
factor, integrins, and immature dendritic cells, among
others, to promote a rich oxygen supply for tumor
growth.?” 3! Other studies have reported that the release
of nitric oxide by tumor cells causes vasodilation and
increases the temperature in affected mammary
glands.>** We believe that a combination of all these
factors is responsible for the increase in temperature
in neoplastic mammary glands in our study, as the
controlled temperature in the room eliminated any
influence from the ambient temperature.
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Temperature variation between tumors has also been
observed. One study observed a positive correlation
between thermography and the histological grade of
tumors in breast cancer.”> Further studies are needed to
assess the correlation between histopathological findings
and the thermographic temperature of tumors in
bitches.

Our other purpose was to try to define the thermo-
graphic temperature of healthy mammary glands; even
within the control group, there were different tempera-
tures. It is believed that the temperature variation found
between mammary glands in the control group is
caused by the differences in vascularization. As the cau-
dal abdominal and inguinal glands are supplied by lar-
ger vessels and, consequently, receive more blood, they
tend to have higher temperatures, associated with the
fact that they have a greater accumulation of adipose
tissue and are less exposed than the most cranial mam-
mary glands.*®

It is important to remember that not all temperature
increases found in mammary glands are associated with
cancer, as inflammatory or infectious processes such as
mastitis can cause increased blood flow and a conse-
quent increase in temperature.’’ However, thermo-
graphic temperature changes in rats can discriminate
tumors from inflammation and hematomas.*®

In women, signs of malignancy in breast thermo-
graphic evaluations are considered to include thermal
asymmetry between the contralateral glands, localized
(>2°C) or generalized (>1°C) hypothermia, and changes
in the tissue surrounding the mass.'®*? It is essential to
carry out additional tests and correlate the thermo-
graphic images with the patient’s history and clinical
signs.

In our study, the only benign tumor (found in M2)
presented a temperature of 35°C, below the mean tem-
perature of M2 in the control group (35.23°C). Accord-
ing to Hobbins,** even benign neoplasms will promote
a small increase in mammary gland temperature, which
is not consistent with our findings. A larger number of
animals with benign mammary tumors would be neces-
sary to evaluate this correlation. Bezerra*! stated that
an increase in temperature of <1°C may suggest a
benign mass.

Most tumors in this study were located in the caudal
abdominal and inguinal glands, probably because they
have more glandular tissue than the others, in agree-
ment with previous studies.'”* In our study, the most
prevalent tumor type was a simple adenocarcinoma
(papillary cystic), as described in other studies.’***

The thermographic camera used in this study has
high thermal sensitivity and also we performed the ther-
mographic exams in a controlled temperature room
making the design of the study suitable with its objec-
tive. However, this study has limitations, one is, we did
not have a group with mammary benign tumors to
compare with the control and malignant tumor group.
Once obtaining thermographic temperatures from
benign tumors, we could attach more results, so far
additional research is required to confirm the potential
of this technology in veterinary oncology. The other

limitation is a constraint in using thermographic exams
in the clinical routine, it could be the need for an
appropriate room with acclimatization and the training
to use the camera and the software that comes with the
device.

There was some difficulty in delimiting the edges of
the healthy mammary tissue during image evaluation;
hence the choice of measuring the area by means of a
3000 mm? rectangle (50 x 60 mm), which proved effec-
tive in framing the entire mammary gland for analysis.
The standard rectangle used did not interfere regardless
of the variety of size of the dogs because of the nor-
mally distributed size of the animals in this study.

The development of mathematical calculations and
computer programs for use in veterinary medicine, as
cited by several studies in humans,*"**** could increase
the accuracy of thermographic examination as an auxil-
iary tool for mammary tumors in bitches.

Concluding, the infrared mammary thermography
seems to be able to assess for the presence of neo-
plasia within mammary tissue. Regardless of their size
and location, tumor presence significantly increases the
temperature of the glands. More studies are needed to
assess whether there is a positive correlation between
the temperature and tumor histopathological grade,
and to check the temperature difference between
benign and malignant mammary neoplasms in dogs.
Thus, these studies are necessary to determine the
impact of this technique when adopted clinically.

Footnotes

 Carrier®, Springer, Canoas, Brazil.
® Flir Systems®, Wilsonville, USA
¢ GraphPad software Inc®, La Jolla, CA.
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