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Abstract The development and practical implementation of unique instrumental methods for diagnosing obstetric,
gynecological, and andrological pathologies remain relevant. In this regard, thermography shows promise as a non-contact
remote diagnostic express method that allows detecting differences in the distribution and intensity of infrared radiation
depending on the physiological or pathological state of the animal organism. In this regard, the purpose of the work was to
present the possibility of using the infrared thermography method for diagnosing reproductive pathologies in animals.
Assessing the functional state and conducting preventive diagnosis of pathological processes in the genitals using thermal
imagers can be crucial in animal reproduction. In addition, exceptional safety, autonomy, and non-contact qualities make
thermal imagers indispensable in veterinary medicine. Therefore, thermography provides identification and differentiation
of the phases of the sexual cycle and preventive diagnosis of obstetric-gynecological and andrological pathologies at a pre-
or subclinical stage of development, dystrophic or inflammatory. Practical utilization of thermal imagers enables, in some
cases, to make a final diagnostic conclusion; in others, to receive only preventive information followed by thorough, further
comprehensive and specific research.
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1. Introduction

An unsolved problem in the diagnosis of many reproductive pathologies in animals is the detection of pre- or subclinical
manifestations and confirmation of clinical symptoms obtained by objective examination methods (Roberto and De Souza 2020;
Mota-Rojas et al 2022; Skliarov et al 2022). Therefore, developing and practically implementing unique instrumental procedures
for diagnosing obstetric, gynecological, and andrological pathologies remains relevant (Stelletta et al 2013; Koshevoj 2015;
Skljarov et al 2019).

Thermal imaging diagnostics can be promising in this regard, which allows for characterizing specific features of the
structure (morphology) or function of the organ under study (Stelletta et al 2013; Rekant et al 2016; Pasternak et al 2017).
Thermography is a promising non-contact remote diagnostic express method. Being a wholly harmless and objective method
of examination, it allows the detection of differences in the distribution and intensity of infrared radiation depending on the
physiological or pathological state of the animal body (Kunc and Knizkova 2012; McManus et al 2016; Jeyakumar et al 2022).

Considering the above, the purpose of the work was to present the possibility of using the infrared thermography
method for diagnosing reproductive pathologies in animals.

2. Biophysical aspects of thermal vision

Thermal imaging is a method of recording infrared radiation of anybody whose temperature is above absolute zero. This
radiation is captured and recorded by special susceptible devices — thermal imagers (Gade and Moeslund 2014; Tattersall 2016;
N&as et al 2020).

In the animal body, a large amount of heat is produced due to exothermic biochemical processes in cells and tissues and
the release of energy associated with the synthesis of DNA and RNA. This heat is distributed within the body with the help of
circulating blood and lymph. Blood circulation equalizes temperature gradients. Due to its high thermal conductivity, blood
does not change due to the nature of the movement. It can carry out intensive heat exchange between the central and
peripheral regions of the body. Mixed venous blood is the warmest. It cools a little in the lungs and, spreading over a large
circle of blood circulation, maintains the optimal temperature of tissues, organs, and systems. The temperature of the blood
passing through the skin vessels drops by several degrees Celsius. In pathology, the circulatory system is disturbed. Changes
occur because increased metabolism, for example, in the focus of inflammation, increases blood perfusion and, therefore,
thermal conductivity, which is reflected on the thermogram by the appearance of a focus on hyperthermia (Knizkova et al 2007;
McManus et al 2016; Mota-Rojas et al 2022).
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Warmth, so the temperature of the animal's skin, has its particular topography and is an integral indicator formed by
several factors: the vascular system (regulates the temperature due to changes in the diameter of peripheral arteries, veins,
capillaries); level of exchange processes and thermal conductivity and heat transfer. When reading thermogram:s, it is necessary
to take into account all these factors; however, the main one is vascular, which determines the main thermal imaging symptoms
in clinical veterinary medicine (Kunc and Knizkova 2012; Stelletta et al 2013; Casas-Alvarado et al 2020).

3. The technique of using a thermal imager

For the reliability of the results, the following factors must be considered: movement, artifacts, ambient temperature,
and energy from external heat sources. The physician should immobilize the animal, avoiding a long examination period,
although thermography reduces the need for complete immobilization. Sedatives and tranquilizers should be excluded because
these drugs affect the peripheral circulation and cardiovascular system and can lead to false thermal images. Thermography
should be performed under a shelter protected from sunlight to reduce the effect of energy from external heat sources. It is
best to perform thermography in low light. The ambient temperature should be between 10-20 °C, but any constant
temperature is acceptable. The place where thermography is performed must have a constant flow of air so that there is no
false decrease in temperature. For practical reasons, the animal should be kept away from drafts.

During thermographic studies in veterinary medicine, the scanning speed is essential since achieving the long-term
immobility of an animal without general anesthesia is challenging. The scanning speed of up to 8 frames per second is sufficient.
The thermal imager's memory card allows registering up to 6000 thermograms with a size of 120x160 pixels (for example, TI-
120; manufacturer: Zhejiang ULIRVISION Technology Co, Ltd).

The minimum size of the object whose temperature can be measured depends on the distance between the thermal
imager and the object. The highest resolution (the minimum distance between adjacent points of the object under
investigation, which on the thermogram correspond to two adjacent pixels) is achieved when the device is placed 30 cm from
the object under investigation and is 0.5 mm. However, reliable results can be obtained at a longer distance of 1-2 m or more.

Color palette. The value of the temperature gradient can be assigned a different color, which is presented in the software
of the thermal imager.

A notation system has been developed to determine thermograms from the body surface that simplifies their description
and statistical processing of experimental results.

Solving diagnostic tasks is facilitated by a standard of the so-called normal thermogram. Identifying the difference
between the norm and pathology depends on the qualifications of the thermologist. It is necessary to know the approximate
values of temperature differences to detect pathology.

For a more accurate study of the object under study, thermographic images can be transferred to a personal computer,
where with the help of a particular program (a set of statistical data of thermogram processing functions), it will be possible to
unify them. Also, for each thermographic image, one can get a corresponding report, which will certify the conditions under
which the research was carried out (temperature, humidity, distance to the object under study), temperature analysis of the
image (maximum, minimum, and average values), as well as thermal and histogram (Sykes et al 2012; Koshevoj 2013; McManus
et al 2016).

4. The use of thermography in veterinary reproductive medicine
4.1. Preventive remote project diagnostics of sexual cycle phases in animals

Hurnik et al (1985) studied the relationship between body surface temperature difference and estrus in Holstein-Friesian
dairy cows and the possibility of using this technique to determine the onset of estrus. Since inaccuracies in determining the
estrous cycle were found during the experiment, the authors did not recommend thermography for the usual estrus detection.
Still, it is adequate for studies of skin temperature or, more precisely, for changes in body surface temperature.

The studies conducted by Stelletta et al (2013) reported dedicated thermographic monitoring sessions to optimize
hormonal treatment during ovarian synchronization protocols in the mare and ewe. In general, the skin temperature of the
vulva and pre-vulvar areas can help increase awareness of the time of ovulation. In these areas, thermal radiation is associated
with skin or subcutaneous blood flow changes. During estrus, the increase in blood flow usually depends on the level of estrogen
secretion by the growing ovarian follicles (Stelletta et al 2013).

Preventive diagnostics of the phases of the sexual cycle using thermal imaging can be used for females of various animal
species (Stelletta et al 2013). The obtained information is confirmed by other research methods with mandatory elements of
differentiation (Koshevoj 2013).

4.1.1. Cows and adult heifers

Low oestrus detection rates (>50%) are associated with longer calving intervals, lower economic returns, and reduced
longevity in Holstein dairy cows. According to Marquez et al (2021), a combination of thermal and behavioral parameters
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increased the accuracy of estrus detection compared to temperature or behavioral biometric data, regardless of the cows'
natural cycle during milking.

Based on their research, Vicentini et al (2020) believe that infrared thermography is an effective method for detecting
temperature fluctuations during proestrus and the estrus phase in heifers.

It is known that the optimal time for the insemination of cows is the heat, which varies significantly from 8-12 hours. In
winter and up to 24-36 hours. Summer season. This situation creates problems for the practice of artificial insemination.
Moreover, the clinical severity of the phenomena of the sexual cycle in cows is different, which depends on their completeness.
Considering this, a method of preventive diagnostics using thermal imaging devices has been developed. Therefore, the
thermogram of the external genital organs of cows in estrus is characterized by the predominance of more "hot" colors of the
palette (red) and in the phase of diestrus —warm (orange) (Figure 1). At the same time, the temperature of the external genitalia
decreases by 1.3 °C (3.8%) — 34.5+0.3 °C to 33.2+0.5 °C (Koshevoj 2013).
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Figure 1 Thermogram of the external genital organs of cows: a) the balancing stage (diestrus, 12-15 days of the cycle); b) the arousal stage
of the sexual cycle (estrus 3-5 days). Source: Koshevoj (2013).

4.1.2. Sheep and goats

Detection of oestrus in goats usually involves invasive methods that are less accurate because they are subjective,
require significant time and resources, and may cause animal welfare problems. Infrared thermography is one of the alternative
solutions because this method is modern, non-invasive, and safe (Pamungkas et al 2022).

De Freitas et al (2018) note the effectiveness of thermography in detecting small temperature fluctuations during
different phases of the estrous cycle, allowing the identification of different stages of the cycle in Santa Ines sheep.

The thermoscopic and thermographic methods when conducting preventive remote project diagnostics of the phases
of the sexual cycle in small female cattle are similar to that described for cows and heifers. Research considers the peculiarities
of the reproduction of sheep and goats, that is, the seasonality of the manifestation of sexual function.

Depending on the phenomena, the temperature fluctuations of the external genital organs are recorded
thermoscopically - in the estrus phase, they are characterized by large areas of "hot" colors of the palette, and their
temperature in goats is 33.2+0.2°C, which is 1.7°C (5.1%) is higher than in animals with diestrus — 31.5+0.4°C. In sheep, this
indicator was higher by 1.2°C (3.4%) and was 35.5+0.2°C and 34.3+0.3°C, respectively (Koshevoj 2013; Skljarov et al 2014;
Skliarov et al 2022).

4.1.3. Mares

Diagnosis of estrus in mares is based on two main methods: the clinical-visual method — observation of the behavior of
mares, the manifestation of characteristic signs from the external genital organs (yawning and "flickering" of the vulva), and
the reflexological method - the use of a test male. These methods have certain disadvantages - the clinical-visual method is
entirely subjective and requires much time to observe the animal, the reflexological method is quite traumatic for both the
mare and the stallion, requires reliable fixation, the construction of unique fences and can lead to unwanted mating individuals
All this indicates the need to develop new methods, including preventive (preliminary) remote trauma-safe and objective
diagnosis of the phases of the sexual cycle in mares (Stachurska et al 2023).

https://www.malque.pub/ojs/index.php/mr
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The developed method of remote thermal imaging diagnosis of estrus in mares consists of the study of her external
genitalia, fixation, and analysis of thermograms, followed by differentiation of the presence or absence of signs of estrus.

During the study, attention is paid to the temperature difference between the mare's vulva and the surrounding tissues.
With an adverse diagnostic reaction (diestrum), the temperature difference between the vulva and the surrounding tissues is
almost not noticeable (no more than 1 °C), or even the vulva is somewhat cooler than the perineal areas — the low concentration
of estrogens in the blood causes a trim level of blood supply to the genitals. The area of the external genitalia and perineum is
warmer than the croup, but not significantly — within 0.4-0.9 °C.

With a positive diagnostic reaction, the area of the external genitalia shows more significant temperature fluctuations.
This area is 3-42C hotter than the surrounding tissues of the croup, which is explained by pronounced hyperestrogenemia and
active hyperemia during the estrus phase of the sexual cycle and can serve as a signal for further more detailed examination of
the animal (rectal determination of the degree of follicle maturity, etc.) (Koshevoj 2013).

4.1.4. Pigs

Determining the optimal time of insemination in pigs significantly impacts the herd's fertility and the offspring's size.
Still, it was and remains an actual and somewhat problematic issue (Sim&es et al 2014). Today, the main methods of diagnosing
estrus are reflexological (with the help of a test boar) and clinical-visual (by detecting the hugging reflex in sows). This work is
traumatic and requires much physical effort and contact with animals. It is necessary to predict the condition of the genitals to
reduce the number of "tests" and increase the probability of the result. This becomes possible when using information and
diagnostic devices, particularly thermal imagers.

The developed method of preventive remote diagnosis of the phases of the sexual cycle in pigs using thermal imaging
technology is based on the determination of changes in the temperature gradients of the external genital organs in sows
showing signs of estrus. An increase in the temperature of the external genitalia occurs due to an increase in the concentration
of estrogens in the blood of animals, which is accompanied by active hyperemia.

The technique consists of remote non-contact research of females both in group and individual housing. The thermal
imager measures the temperature gradient of the external genitalia, surrounding tissues, and the external environment (room).

During an adverse reaction (diestrus), the temperature of the external genitalia is almost no different from that of the
surrounding tissues (no more than 1 °C, while the perineum can be even warmer than the temperature of the vulva). Instead,
a positive reaction (estrus) is characterized by a temperature difference of 2-3 °C.

Per preventive thermal imaging diagnostics results, pigs with a positive diagnostic reaction are separated from the herd
and examined by clinical-visual or reflexological methods to clarify the fertile period (Koshevoj 2013).

4.1.5. Rabbits

Sexual activity in rabbits is not characterized by rhythmicity. During sexual arousal, against the background of long-term
proliferative processes, a short-term estrus is observed in the rabbit.

The temperature gradient of the external genital organs of rabbits in estrus is higher than that of animals in diestrus,
and thermograms are characterized by large areas of "hot" colors on the palette.

The developed method allows remote (non-contact) to receive the necessary information about the animal's condition,
particularly its external genitalia. This makes it possible to objectify and simplify the labor intensity of manipulations to select
rabbits for insemination.

Therefore, the research results reliably confirm the regularity of the increase in the temperature of the external genitalia
in females of various animal species during the estrus phase, which can be determined remotely (Koshevoj 2013).

4.2. Remote diagnostics of pathological processes in the genital organs of animals
4.2.1 Female

It is known that the ovaries perform a dual function — endocrine and generative. This "biological clock" monitors the
state of the animal and its readiness for insemination and fertilization. In this connection, morphological and functional changes
are constantly occurring in the mentioned organs. It is known that the ovaries perform a stressful function — even minor
influences can change their normal state. Dystrophic and inflammatory processes and functional disorders are the main
pathological processes in the ovaries.

It is also known that the endocrine function of the gonads is aimed at producing the main hormones. In particular, the
function of estrogens is multifaceted —they, among other things, activate the blood supply to the genitals, including the external
ones, which leads to an increase in their temperature.

Determining the functional state of the ovaries and preventive diagnosis of pathological processes in the genitals using
thermal imaging can be of priority in animal reproduction. In addition, qualities such as exceptional safety, autonomy, and non-
contact make thermal imagers indispensable in veterinary medicine (Stelletta et al 2013; Simdes et al 2014; Marquez et al

2021).
&
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4.2.1.1. Gonadopathy

During the thermographic study of cows, the dependence of the temperature gradients of the external genital organs
on the morpho-functional state of the ovaries is noted. At the same time, in cows with hypogonadism, the temperature gradient
is lower than in animals with normal ovaries. Therefore, with full sexual function, the temperature of the external genital organs
is 35.3+0.1°C. In contrast, in animals with hypogonadism, the temperature gradient was lower by 6.4% and 8.1%, respectively,
inits Il and | stages (Figure 2).
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Figure 2 Thermogram of external genital organs of cows: a) with full sexual function; b) with the second stage of hypogonadism; c) with
the first stage of hypogonadism. Source: Koshevoj (2013).

Differences in thermogram indicators have been established in such cows. In particular, thermograms of the external
genital organs of cows with full sexual function are characterized by a predominance of "warm" colors of the palette (red and
orange), while in animals with hypogonadism, on the contrary, "cold" colors (blue and green) prevail.

In addition, the thermograms of the genital organs of cows with hypogonadism are characterized by pronounced
thermal asymmetry and thermal spotting of the studied area, which are characteristic signs of blood circulation disorders.

The characteristics of thermoscopic and thermographic indicators of the external genital organs of cows with hypo-
luteolysis are similar to those of hypogonadism. That is, there is a decrease in the temperature gradient and the predominance
of "cold" colors in the palette.

During thermoscopic studies of cows with cystic degeneration of ovarian follicles, a sufficiently long increase in the
temperature gradient of the external genitalia is noted. Thermograms of the genitals of such animals are characterized by "hot"
colors of the palette (Koshevoj 2013).

4.2.1.2. Metro-, vestibulo- et vaginopathy

In inflammatory processes of the reproductive organs, which are registered in animals during the postpartum period
and after its end, an increase in local temperature is noted in the external genital organs. Therefore, a method of remote
projective thermoscopy is proposed for preventive diagnostics.

Vestibulovaginitis. Typically, the temperature of the external genital organs of cows is 35.3+0.3 °C. With
vestibulovaginitis, the temperature gradient increases by 3.0%. For thermograms of cows with vestibular vaginitis, "hot" colors
of the palette of the organ under study are characteristic.

Metritis. Thermoscopic examination of cows with metritis revealed a difference in the temperature gradient compared
to clinically healthy animals. Therefore, if in clinically healthy animals the temperature gradient of the external genitalia was
equal to 33.2+0.5 °C, then in animals with metritis, it increased to 35.310.3 °C; that is, it increased by 2.1 °C.

The thermogram of the external genitalia of patients with metritis of cows is characterized by the presence of intensely
"hot" colors of the palette, which are uniformly registered on the examined organ. The presence of secretions from the external
genitalia can also be observed on thermograms. These highlights are usually in "cold" (blue and green shades) palette colors.
In a detailed study, inflammatory exudate is differentiated from estrous mucus.

Such research results reliably confirm the regularity of temperature increase during inflammatory processes, which can
be determined remotely using thermal imaging technology as a component of preventive diagnostics of pathological processes
in the uterus, vagina, and its perineum (Koshevoj 2013; Skljarov et al 2014).

4.2.2. Males

Much literature on thermography is available in diagnosing, monitoring and monitoring and treating andrological
pathologies. As a consequence of its use in medical andrology, the interest of andrologists in infrared thermography grew, and
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the first studies appeared in the eighties. They showed that thermography could be used to assess thermoregulation of the
scrotum/testes, providing an infrared-based image with an accuracy of 0.10 °C. The authors concluded that thermography could
be used as an additional screening method in andrological evaluations (Comhaire and Monteyne 1976; Comhaire 1977; Gabor
et al 1998; Stelletta et al 2013).

It is known that the testicles perform a double function — sperm and androgenesis. A specific temperature (3-4 °C lower
than body temperature) and a sufficient blood supply are required for optimal functioning.

Due to the non-invasiveness and high sensitivity of measuring the temperature difference on the skin surface, it is clear
that thermography can be used to monitor the surface temperature of the scrotum (Stelletta et al 2013). With external changes,
temperature regulation occurs due to contraction or relaxation of the scrotum. In addition, temperature fluctuations are
possible under other circumstances. A decrease in temperature occurs with hemodynamic disorders and dystrophic processes
in the gonads, even at the optimal temperature of the external environment. On the contrary, a significant increase in
temperature occurs with inflammatory processes (orchitis) and too high a temperature of the external environment (Draaisma
2015; Koshevoj 2017).

Control of the temperature regime in the testicles of males can be carried out remotely using thermal imagers. Express
diagnostics are carried out —thermoscopy and thermography, which allow to determine the completeness of the reproductive
function and functional state and confirm or exclude pathological processes in the male genital organs (Koshevoj 2013;
Naumenko 2017).

4.2.2.1. Testodystrophy, hypogonadism

According to thermoscopic research, the dependence of temperature gradients of testes on their morphofunctional
state is noted. At the same time, bulls with dystrophy and hypogonadism have a lower temperature gradient than animals with
full reproductive functions. Therefore, the average temperature of the scrotum of animals with full gonadal function is 29.5+0.3
°C, 0.7 °C (0.7%) higher than in bulls with dystrophy and by 1.5 °C — with hypogonadism.

In addition, differences in thermogram indicators have been established in such males. Therefore, the predominance of
"warm" colors of the palette (red and orange) is characteristic of the thermograms of spermatozoa of bulls with total
reproductive capacity. While thermographic images of testicles of animals with dystrophy and hypogonadism were
characterized by pronounced thermospotting of the studied area, the predominance of "cold" colors is typical for blood
circulation disorders.

A spotted palette characterized thermographic images of the testicles of wild boars with full reproductive function. In
testodystrophy, a slight zone of hypothermia and a decrease in the temperature gradient were observed, while hypogonadism
was characterized by pronounced hypothermia and thermal spotting of the studied area.

With the full-fledged sexual function of rams, the thermogram of the testis was characterized by the predominance of
"warm" colors and spotting of the pattern; with testodystrophy, a slight zone of hypothermia and a decrease in the temperature
gradient was observed, and with hypogonadism, hypothermia, and thermospotting of the studied area with a reduction of the
temperature gradient were observed.

Thermographic images of testicles of goats with full-fledged manifestations of reproductive function were characterized
by the correspondence of the mosaic and the temperature gradient of the pattern). With testodystrophy and hypogonadism,
thermograms were dominated by "cold" palette colors, and thermospotting was observed (Koshevoj 2013; Skljarov et al 2014;
Koshevoj et al 2017).

4.2.2.2. Inflammatory processes

Orchitis and balanoposthitis in males are standard, but they are not always diagnosed, making it challenging to register
pathologies accurately. For this purpose, preventive remote diagnostics are proposed.

The thermograms of the testes of rabbits with full sexual function were characterized by the correspondence of the
mosaic and the temperature gradient. During inflammatory processes, an increase in temperature by 1.3 °C (4.3%), a
pronounced zone of hyperthermia, and a predominance of "warm" colors on the palette were observed.

In bulls with balanoposthitis, a temperature increase of 4.6 °C (14.3%), a pronounced zone of hyperthermia with a
predominance of "hot" colors of the palette was established (Koshevoj 2013; Koshevoj et al 2017).

Therefore, thermography can be used to assess the functional state of the testicles and preventive diagnosis of
andrological diseases.

5. Final considerations

Thermography is a promising non-contact remote diagnostic express method that allows detection differences in the
distribution and intensity of infrared radiation depending on the physiological or pathological state of the animal body. In
particular, the use of thermal imaging devices reliably confirmed the regularity of the increase in the temperature of the



https://doi.org/10.31893/jabb.21001
https://www.malque.pub/ojs/index.php/mr
https://www.malque.pub/

external genitalia in females of various animal species during the estrus phase, which can be determined remotely by
establishing the fertile period.

Therefore, the determination of the functional state of the ovaries and the preventive diagnosis of pathological
processes in the genitals with the use of thermal imagers can be of priority importance in the reproduction of animals.
Furthermore, exceptional safety, autonomy, and non-contact qualities make thermal imagers indispensable in veterinary
medicine.

Therefore, thermography identifies and differentiates the phases of the sexual cycle and preventive diagnosis of
obstetric-gynecological and andrological pathologies at a pre- or subclinical stage of development, dystrophic or inflammatory.
Practical utilization of thermal imagers enables, in some cases, to make a final diagnostic conclusion; in others, to receive only
preventive information followed by thorough, exceptional research.
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