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Abstract

Based on temperature charts, infrared skin thermography is widely used in human medicine, but little known in
veterinary medicine. The application of the technique allows orthopedic clinical follow-up as well as aids in the
diagnosis of breast tumors in humans, due to its ability to correlate vasculature alterations and tissue vitality with
modification of the temperature pattern. For this reason it is applied in veterinary medicine for the detection of
joint injuries in horses and animal production, little covering the medicine of small animals. Against of these
phages the present study aims to elucidate and suggest its use for the diagnosis and postoperative follow-up of
reconstructive surgeries in animals, as well as to evaluate therapeutic measures that seek to improve cutaneous
healing, such as low power laser therapy.
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1. Introduction

The importance of understanding and diagnosing physiological processes and pathologies involving disorders of
blood circulation in Veterinary Medicine has been increasingly studied. These processes may range from
thromboembolism (Hogan et al., 2015) to postoperative complications, such as the loss of flaps in reconstructive
surgery (Field et al., 2015).

In addition, attempts to correct and improve these disorders require the use of techniques that promote better
blood distribution or recovery of vascularization in affected tissues, such as low-power laser therapy (Cury et al.,
2013).

When thinking about animals, we should always take into account the way in which such complications can be
diagnosed, especially with regard to stress and the possible consequences of imaging tests, which often require
sedation, anesthesia or physical restraint of the patient (Shiel et al., 2012; Zanghi et al., 2013). Stress caused by
the veterinary environment and its manipulations can lead to life-threatening injuries, such as reduced immunity,
decreased recovery rate (Lloyd, 2017), and thrombosis (Stampfli et al., 2014).

Thinking about these two points a new tool arises in the attempt to circumvent them, infrared cutaneous
thermography. Thermography is considered to be a rapid, non-invasive and painless procedure (Tepper & Gannot,
2015). For these reasons it would rarely require the restraint of the animal, but is still little known by veterinary
medicine.

The present study aims to propose the use of cutaneous infrared thermography in the diagnosis and postoperative
follow-up of animals, especially those submitted to low power laser therapy.
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Figures 1. Photographic image of the thermography procedure performed in rabbits (Oryctolagus cuniculus)
submitted to reconstructive surgery using tubular flap of subdermal pattern in the thoracic limb. A)
Thermographic image of thoracic limb. Note the temperature difference between the proximal, medium and
distal portions of the tube as the color changes. B) Photographic image demonstrating the accomplishment of the
surgical procedure. Faculdade de Ciéncias Agrarias e Veterinarias, FCAV/UNESP, Jaboticabal, SP, 2016

2. Infrared Thermography

Radiation is a process characterized by the exchange of heat by means of electromagnetic waves, being observed
in the environment as solar and infrared (Dukes, 2007). Every solid object emits electromagnetic radiation at the
infrared wavelength and hotter objects emit shorter wavelengths with more emissions per unit time (Hill, 2012).
These waves are absorbed by another object, transferring the heat from the warmest (object) to the coldest
(Cunnignham, 2004). A fundamental principle in thermal radiation is that the wavelength emitted depends on the
surface temperature of the object, and the higher the temperature, the lower the wavelength according to the
Stefan-Boltzmann equation (Hill, 2012).

The endothermics have many mechanisms to heat exchange with the enviroment which they live like conduction,
convection, radiation and evaporation, (Hill, 2012). These mechanisms are responsible for the loss of up to 75%
of the heat produced and controlled in great part by the vasomotor action (Reece, 2008). The body temperature is
directly related to the metabolic rate, since part of its produced energy is transformed into heat. However, the
cellular system of vertebrates is considered inefficient, since they are unable to use it as a source to perform work,
in this case, biosynthesis or body maintenance, needing to lose it to the environment (Dukes, 2007).

Thermography is a technique based on graphical temperature records provided by infrared irradiation of a body
(Figures 1A and 1B), detected by infrared cameras which can be used to evaluate blood perfusion indirectly. It is
defined as a rapid, practical and non-invasive method (Barros, 2016), used to obtain early diagnosis in
combination with other imaging methods in medicine (Cetinkaya & Demirutku, 2012). It becomes a useful tool,
especially in the field of medicine, since the human eye is only able to see a temperature variable when it
becomes higher than 500 degrees Celsius, when metals are reddened by fire for example. Below this temperature
we have the spectrum invisible to the eye, the infrared. This spectrum can be detected by infrared cameras,
which with the help of software are translated into a color image and can be interpreted by the human eye (Flir,
2018). For this reason it is considered a technique with high sensitivity (up to 100%), but with low specificity
(on average 44%), because the simple temperature change does not distinguish one pathological event from
another, being necessary the interpretation from the point of view physician for the findings found to be used as a
diagnosis (Radaelli et al., 2014).

3. Use in Human Medicine

The technique is used in the evaluation of skin microcirculation of dermal flaps in humans, since the
macroscopic aspect of coloration is not always consistent with the reality of post-surgical complications
(Schlager et al., 2010) and therefore, it is necessary to evaluate the blood circulation precisely (Slatter, 2007). It
can be used during the trans-operative period to evaluate adequate blood perfusion, comparing the technique of
Indocyanine Green Video Angiography (Rathmann et al., 2017), as well as the heat distribution of the face
through anesthesia using masks, which could prevent the appearance of ulcerations after procedure (Pontes,
2017).
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In addition, it can be used to correlate changes in local temperature with microcirculation dysfunctions in
diabetic feet, acting as a predictive agent of ulceration (Brioschi et al., 2007). As well as in the detection of
extravasation of chemotherapeutic agents when infused via intravenous, allowing a more precise monitoring of
the antineoplastic protocol (Matsui et al., 2017).

However, the most frequent use of thermography in humans is related to the diagnosis of tumors, especially for
breast tumors, being considered one of the diagnostic methods with excellent results and complementary to
mammography (Milosevic, Jankovic, & Peulic, 2014; Gardufio-Ramén et al., 2017).

For the use of thermography in people, some parameters must be met. The patient should stay away from heat
sources such as electrical equipment and windows and stay in the evaluation room with the body area being
evaluated previously discovered for fifteen minutes. There should be no airflow, sunlight and hot lamps in the
room and it should be monitored for temperature, which needs to be constant. The thermographic device needs to
be pre-stabilized for ten minutes. It is important to emphasize that all the results obtained by the use of the
thermographer should be evaluated taking into account the clinical history of the patient. Only after all the
requirements being met, thermography can become a decisive tool in the evaluation of vascular disorders of the
patient (Brioschi et al., 2003).

4. Use in Veterinary Medicine

Such as human medicine, veterinary medicine has been employing infrared thermography in several ways. We
can highlight the sport animals, especially equines, where the use of the technique allows the evaluation of the
mechanisms of thermoregulation, athletic performance and detection of aggressions to tendons, joints and
hooves, which could prevent future injuries (Gravena, 2010; Moura et al., 2011; Berkman et al., 2011; Gerardi,
2016). Due to these animals remaining in exposed environments the most diverse temperature variations, it is
difficult to obtain the conditions based on the proposals of Brioschi et al. (2003), and a new technique of
standardization for temperatures ranging from 64.4 to 95 degrees Fahrenheit was proposed by Basile (2012),
called PadTemp, and can be used both clinically and experimentally.

In the production, the use of thermography is very effective both in the evaluation of thermal stress and
pathologies associated with the most diverse species. In sheep, the technique was used to evaluate the thermal
stress of animals submitted to high temperature conditions in the country, where it was found high for animals
suffering from heat (Roberto, 2012). Girardi (2016) demonstrated its efficacy in the early detection of laminitis
in sheeps, suggesting its use for this purpose. The same occurs with galliformes, where it was possible to prevent
pododermatitis in broiler chickens even before macroscopic lesion detection, correlating the decrease of the local
temperature in the points before the appearance of the affection of the legs (Jacob et al., 2016) and evaluation of
the thermal stress suffered by birds (Nascimento et al., 2014). In pigs, it was possible to evaluate the stress of
piglets in the créche phase, correlating the ocular temperature increase with the cortisol increase of the animals
(Pulido-Rodriguéz et al., 2017). For bovines, thermographic evaluation proved to be useful in the detection of
early pampiniform plexus and bull scrotum temperature alterations, which may aid in the reproductive evaluation
of animals (Portugal, 2014).

For small animals promising results are presented for orthopedics and neurology areas, evaluating the viability of
joints after surgical procedures, comparing the different techniques for knee stabilization (Nina, 2012), as well as
the evaluation of lesions and inflammations of knee and spine in dogs , where the uniformity of heat distribution
changed, indicating several different temperature points in the animals that had the pathology identified by other
imaging techniques (Nomura, 2015), disorders of the intervertebral disc in chondrosystromic dogs (Grossbard et
al., 2014) and tenorrhoea in rabbits (Arenhart, 2010).

In the ophthalmology, infrared thermography showed changes in ocular temperature in dogs with dry
keratoconjunctivitis (Biondi et al., 2015), whereas in the dentistry area no correlation was found between
temperature and the presence of periodontal disease in dogs (Dornbusch, 2013).

In the scope of mammary tumors there are divergences found in the literature. Palveski et al. (2015) found a
correlation of breast temperature increase with the presence of tumors, whereas Melo (2013) did not reliably
correlate the temperature increase with tumor-induced neovascularization using agNORs, PCNA and VEGF
immunological markers, since part of the animals presented reduction of the temperature of the affected breast
by conditions not yet clarified, concluding that more studies in the area are still necessary.

In the field of microcirculation, like the reconstructive surgery, some studies have elucidated the possibility of
skin infrared thermography being used to monitor dermal and systemic circulation. Carsten et al. (2016)
evaluated rats submitted to intoxication by local anesthetics, in the case of ropivacaine, compared to the action of
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the anesthetic with the control group that received saline solution at the same application site, in order to exclude
the application stress as a thermal alteration factor. The intoxicate group presented alterations of the dermal
microcirculation and peripheral circulation before the manifestation of clinical signs, such as tail hyperthermia,
head, dorsum and tail extremity hypothermia. These results suggest the possibility of thermography as a
predictive tool in the identifications of microcirculatory disorders, which may be useful in treatment even before
systemic alterations or more severe manifestations occur.

Another study evaluated the use of infrared thermography in rats submitted to the surgical technique of a
subdermal pattern of the superficial epigastric artery. The animals were divided into two groups, both of which
were submitted to the preparation of the flap, which was then fixed in the donor bed and kept in its normal
anatomical position. One group had the pedicles attached, while the control group had no blocked blood supply.
The images using the thermograph were performed up to 120 minutes after the surgical procedure and showed a
greater tempreture of the groups whose artery was attached. The authors concluded that infrared thermography is
an excellent technique to follow the surgical post-dermal flap of animals, being able to detect the fall in blood
perfusion even before macroscopic changes occurred (Tenorio et al., 2009).

However, the use of thermal images in veterinary medicine is difficult because there is no standardization of
suitable conditions for the application of thermography in small animals, and that because the great majority of
authors are based on the used parameters for humans, for example ambient temperature standardized at 21-22
degrees and no air currents, as well as no exposure of sunlight through windows or directly, and physical
inactivity on the day of the examination (Nina, 2012; Melo, 2013; Novueira, 2015; Palveski et al., 2015). In
addition, in dogs and cats the fur may be a problem, since it makes it impossible to evaluate the animals that
have fur of medium to long length, since it interferes in the heat irradiation and consequently in the
thermographic image (Radaelli et al., 2014). Another complication of the technique is the size of tissue is
important. A small size cannot show differences of temperature in different fragments, but the thermography can
help monitoring the conditions of a larger tissue or organ, including transport and transplant (Pimentel et al.,
2017).

5. Reconstructive Surgery

Reconstructive surgery presents wide application in cases of extensive defects caused by trauma, burns, after
resection of neoplasms or even in the correction of congenital abnormalities (Pavletic, 2010; Albernaz et al.,
2015). Reconstructive surgery techniques consist of subdermal, axial patches, and cutaneous grafts (Pavletic,
2010).

According to Trindade (2009) pedicled skin flaps are considered the best option for dogs and cats, in contrast the
grafts are more suitable the human and equine species. Therefore, the knowledge of skin flap techniques
promotes great applicability, providing excellent cosmetic results in addition to lower cost when compared to
other therapies (Matera et al., 1998).

Among the techniques of reconstructive surgery for animals, there are the axial pattern patches, which have an
artery and vein in their constitution, responsible for their blood supply, so the subdermal flaps depend on the
adjacent irrigation of the skin, because they do not have an artery and vein in its constitution. The preparation of
the subdermal flaps consists of partially with drawing them from the donor bed reaching the recipient bed, thus
preserving the vascularity necessary for the vitality of the tissue at its base and ensuring coverage of the defect.
The flap should be wider and longer than the defect because its contraction is common due to inflammation,
scarring and even necrosis (Castro et al., 2015).

The patches of the subdermal pattern are divided into indirect and direct tubules. The indirect ones consist of a
pedicle of dermis and epidermis that are partially withdrawn from the donor bed reaching the recipient bed in the
form of a tube, thus preserving the vascularity necessary for the vitality of the tissue at its base and ensuring
coverage of the defect. The technique is performed in several steps since the pipe is made indirectly until it is
fixed to the defect (Fossum, 2009). In addition, the tubular flap must be developed in such a way that it moves
freely in any position without twisting of the pedicle, otherwise tubular irrigation may be compromised leading
to ischemia and loss of the same (Slatter, 2007).

Therefore, direct tubular flaps consist of confection of the tubular flap in a single moment, being more
predisposed to complications due to vascularization failure (Castro et al., 2015). Aspects of flap coloring are
subjective, and can not be correlated with complications. Therefore, the measurement of pedicled flap
temperature becomes indispensable to evaluate the circulation precisely (Slatter, 2007).
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The indication of the indirect tubular flaps is that the procedure be performed in several stages, indirectly, until
its transposition to the defect. The justification for the reconstruction process to occur in multiple phases is to
favor the vascularization of the tube by means of its previous preparation (Castro et al., 2015). In view of the
risks involved in the technique, the association of the tubular flap of the subdermal pattern with some
postoperative adjuvant therapy that stimulates angiogenesis and increases the chances of success of the technique
may be advantageous.

6. Laser Therapy

Tissue healing depends on several factors that are not statically subdivided, but occur simultaneously and
predominantly. Several chemical mediators such as prostaglandins and macrophages are responsible for each
part of this process. The balanced activation of cellular factors such as migration, neovascularization, formation
of granulation tissue and metabolic changes such as coagulation result in tissue repair, which finally reestablishes
animal homeostasis (Balbino et al., 2005; Oliveira & Dias, 2012). The failure of these factors or interference in
their normal process before surgery is termed as surgical complication, and in veterinary medicine, especially for
dermal flaps, include suture dehiscence, edema, total or partial necrosis and infections, compromising healing
and consequently the success of the technique, which can lead to complete loss of the surgical procedure (Paulo
et al., 2005; Cook & Thomson, 2014; Field et al., 2015) or consequences such as eviscerations (Oliveira et al.,
2000).

In the attempt to improve the healing process of complications suffered by the flaps or even avoid them, several
techniques have been studied. These techniques aim to reduce inflammation, promote neovascularization, and
improve tissue repair, such as Lithospermum officinale (Amiri et al., 2017), platelet rich plasma (Pazzini et al.,
2016) and phototherapies, which include the low-power laser and LED (Corazza & Jorge, 2007).

Low-power laser therapy promotes improvement in epithelial, bone (Silva et al., 2007) and muscular healing
(Garcia et al., 2017). At the microscopic level the benefits include reducing the number of inflammatory cells,
increasing the amount of wound fibroblasts and organizing the collagen, conferring a more organized granulation
tissue (Rabelo et al., 2006; Rocha Junior et al., 2006) with faster healing (Dall Agno et al., 2009) and with higher
tensile strength (Carvalho et al., 2010).

However, one of the major effects associated with laser therapy is its ability to induce neovascularization when
compared to common tissue repair (Rocha Junior et al., 2006; Corazza & Jorge, 2007). This fact may favor the
treatment of complications of diabetes in animals, increasing the blood supply of the extremities of the limbs
(Tatmatsu-Rocha et al., 2016) and, in reconstructive surgery, promote better blood supply of flaps favoring their
survival (Cury et al., 2013).

7. Conclusion

Infrared thermography is an excellent technique to accompany patients undergoing reconstructive surgery,
because it evaluates the integrity of the flaps by means of temperature; moreover, it is also important in patients
undergoing low power laser therapy, since it is able to detect its benefits from the correlation of temperature
increase with greater vascularization of the flaps when compared to animals that were not benefited by the
treatment.
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