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ABSTRACT. Non-contact methods such as infrared thermography (IRT) stand out with their important
advantages such as reducing the risk of contamination, providing real-time results, quantitatively
determining a relative finding such as pain, being economical, easy, non-invasive, and safe. The study was
aimed to evaluate the differences of intra-wound, wound edge, and non-wound local temperatures in
untreated and treated wounds of a full-thickness excisional skin wound model by IRT in rats. Twelve Wistar
albino rats (200-300 g, 8 weeks old, male) were used in the study. A full-thickness excisional skin wound
(2.25 cm?) was created in the dorsal interscapular region of animals under general anesthesia. Animals were
randomly divided into two groups (n=6), Group 1 (control) and Group 2 (dexpanthenol treatment), and the
wound surface was treated topically once a day. Images were taken from the wound area of all animals with
an infrared thermography camera 0, 1, 7, and 14 days after the wound creation. Minimum and maximum
temperatures were measured with the Trotec IC-IR Report software for IRT in three different areas as intra-
wound, wound margin, and non-wound. Local temperature changes were examined and analyzed
statistically. In addition, the time/local temperature correlation was analyzed for the wound treatment. In
the results, it was determined that the local temperature increase was less as the distance from the wound
center and the wound treatment time progressed (p<0.05). Compared to Group 1, it was determined that
there was less local temperature increase and less inflammation in Group 2 as the treatment progressed
(p<0.05). In conclusion, this study determined the reference values for the use of IRT in wound healing
studies in the full-thickness excisional skin wound model in rats. Further research is needed to standardize
the methodology for using IRT in other wound models, such as infected wounds and diabetic wounds.
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INTRODUCTION

Infrared thermography (IRT), used in the healthcare field, is an auxiliary examination
method that displays and records temperature patterns on the body surface with an image
called a thermogram. The principle of operation is based on the imaging of the heat
reflection. It helps to identify changes in the examined area without ionizing radiation or
other harmful effects [8]. From past to present, the use of IRT has been widespread in
many different areas including health, military, industrial, construction and heat. The fact
that the new thermal cameras are more convenient and useful in terms of both price and
size increases their use even more. It has significant advantages by providing real-time
images. It is expected that the areas where it is used will continue to increase over time.
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Infrared thermal imaging has been used in healthcare since 1959 [27]. IRT measurements
are performed with infrared cameras, with drug-free and non-invasive procedures [9].
Surface temperatures in the body are determined with the thermographic images that
provide detection up to 6 mm deep under the skin and subcutaneously [20]. The main
thing in IRT is the measurement of temperature changes rather than the measurement of
temperature intensity, and it is often used for this purpose in health research [8, 31]. Local
determination of small temperature differences such as 0.1 °C with IRT is useful in the
early diagnosis of various diseases. It is especially important to have a diagnostic method
that shows the location and intensity of pain, which is a relative finding [8, 16].

One of the most important advantages of IRT in both human and veterinary medicine
is that it is a non-contact method that can be done from a distance. Thus, it may be possible
to prevent infectious diseases such as COVID-19 that can be transmitted from other
people, as well as various harms from animals. Another advantage of thermography is
that it helps to identify physiological changes caused by asymptomatic pathologies in
tissues and organs with intact anatomical integrity, such as local circulatory disorders.
Because imaging methods such as radiographs, ultrasonography, magnetic resonance, and
computed tomography focus on anatomical examination in tissues and organs.

Non-contact methods such as infrared thermography stand out with their important
advantages such as reducing the risk of contamination, providing fast and real-time
results, quantitatively determining a relative finding such as pain with temperature, being
economical, non-invasive, easy, and safe. This study was aimed to evaluate the
differences of intra-wound, wound edge, and non-wound areas local temperatures by IRT
in untreated and treated wounds of a full-thickness excisional skin wound model in rats.

MATERIALS AND METHODS

Twelve healthy adult male Wistar rats (200-300 g, eight weeks old) were purchased
from Hatay Mustafa Kemal University Experimental Research and Application Center.
The study approval was obtained from the Local Ethics Board of Animal Experiments of
Hatay Mustafa Kemal University (Decision no: 2021/02-04). Experiments were
performed in accordance with Turkish Code of the Welfare and Protection of Animals
Used for Experimental and Other Scientific Purposes and also Directive 2010/63/EU on
the protection of animals used for scientific purposes. One week prior to the study, the
animals were taken to the study place to undergo routine health checks and time for
adaptation was provided. All rats were maintained individually in polycarbonate cages
with water and food provided ad libitum, on a 12:12-h light-dark cycle under constant
temperature (23+2 °C), humidity (55%) in a climatically controlled room.

Following general anesthesia induction (xylazine HCI 10 mg/kg, i.m., Alfazyne® %2
Egevet, Izmir, Tiirkiye and ketamine HCI 60 mg/kg Alfamine® %10 Egevet, Tiirkiye),
surgical preparation was done with routine method and a 1.5x1.5 cm (2.25 cm?) sized
square full-thickness excisional skin wound [24] was created on the dorsal neck of each
animal. The animals were randomly divided into two experimental groups (n=6 each).
Group 1 was untreated as control group. Group 2 was treated with dexpanthenol ointment
(Dexpanthen® %5 Orion, Istanbul, Tiirkiye) as treatment group. The treatments were
applied topically until it covered all wound area once a day. Wound areas of all animals
were photographed individually by an infrared thermography camera at 0, 1, 7, and 14
days after wound creation. Trotec EC 060 V (Heinsberg, Germany) infrared
thermography camera was used for IRT recordings. It was performed at an average
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distance of 0.5 m and an angle of 70-90° as the most suitable distance and angle for the
IRT device. In the analysis of IRT images, minimum and maximum temperatures were
measured in three different areas, intra-wound, wound edge, and non-wound, using the
Trotec IC-IR Report software. Sample images of the measurements are presented in
Figure 1-4. In the statistical analysis, the mean and standard error of mean (SEM) values
of the data of the groups were calculated. Groups were compared with the student-t test.
Pearson correlation test was used to analyze the correlation between measurements made
on different days and between regions. Statistical significance value was accepted as

p<0.05.
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Fig. 1. Day 0 intra-wound (black star),
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Fig. 3. Day 7 intra-wound (black star),
wound edge (blue star) and non-wound
(white star) areas IRT local temperature
measurement thermogram from Group 1
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Fig. 2. Day 1 intra-wound (black star),
wound edge (blue star) and non-wound
(white star) areas IRT local temperature
measurement thermogram from Group 1
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Fig. 4. Day 14 intra-wound (black
star), wound edge (blue star) and non-
wound (white star) areas IRT local
temperature measurement thermogram
from Group 1
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Fig. 5. Day 0 intra-wound (black star), Fig. 6. Day 1 intra-wound (black star),
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Fig. 7. Day 7 intra-wound (black star), Fig. 8. Day 14 intra-wound (black
wound edge (blue star) and non-wound star), wound edge (blue star) and
(white star) areas IRT local temperature non-wound (white star) areas IRT
measurement thermogram from Group 2 local temperature measurement

thermogram from Group 2

RESULTS AND DISCUSSION

Parallel IRT measurement of the full thickness skin wound of the groups on the intra-
wound, wound edge and non-wound areas revealed significant differences in minimum
or maximum temperatures of days 1 and 14 after the wound creation (p<0.05). Although
there were limited clinical differences between the groups on days 0 and 7, no statistically
significant difference could be detected. To show the precision of IRT measurements, the
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means and the standard error of mean (SEM) from animals were presented (Table 1 and
2). Significant differences and positive correlations were found in in-group comparisons
of local temperature values measured by IRT in the intra-wound, wound edge, and non-
wound areas on the day of wound formation (day 0), 1st, 7th, and 14th days in
experimental animals (p<0.05). The correlation of measurements in days and regions is
shown in Table 3.

Table 1. Summary of min-max values of intra-wound, wound edge, and non-wound
areas at the days 0 and 1 after wound model.

Day 0 Day 1
Group 1 Group 2 Group 1 Group 2
Min Max Min Max Min Max Min  Max

Mean 2448 27.07 2488 27.18 3185 3410 31.62 3453

nggﬁa SEM  0.61 0.48 0.19 0.34 0.14 0.09 0.32 0.19
P 0.29 0.43 0.29 0.43 0.28 0.04 0.28 0.04

Wound Mean 26.15 27.12 26,53 27.20 3260 33.72 3352 34.25
edge SEM 043 0.42 0.32 0.31 0.18 0.23 0.26 0.24
P 0.26 0.44 0.26 0.44 0.01 0.08 0.01 0.08

Non- Mean 2727 2845 27.16 28.72 33.38 34.88 33.62 3522
wound SEM  0.48 0.49 0.58 0.41 0.25 0.18 0.34 0.15

P 0.45 0.36 0.45 0.36 0.31 0.11 0.31 0.11

Table 2. Summary of min-max values of intra-wound, wound edge, and non-wound
areas at the days 7 and 14 after wound model.

Day 7 Day 14

Group 1 Group 2 Group 1 Group 2

Min Max Min Max Min Max Min Max
Intra- Mean 31.70 34.13 31.32 33.95 33.85 34.78 33.17 35.00
wound SEM 033 023 027 005 0.27 0.27 023 0.18
P 022 025 022 025 0.06 0.28 0.06 0.28
Wound  Mean 33.08 34.28 32.75 33.93 34.37 34.72 33.55 34.62
edge SEM 038 046 032 021 0.28 033 027 0.12
P 0.28 0.27 0.28 0.27 0.04 040 0.04 0.40
Mean 33.98 35.05 33.68 35.02 33.88 34.93 32.80 34.37
Non-wound SEM 0.16 020 0.26 0.12 045 0.38 0.31 0.17
P 0.20 045 020 045 0.05 0.12 0.05 0.12
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Table 3. Correlation of IRT results between measurement areas and days, in-group
comparisons.
Intra- Intra- Wound Wound Non- Non-
Group Wound Wound Edge Edge Wound Wound
Min Max Min Max Min Max
Groupl 069 0614 0697 0631 0587 0.549

P 0.000 0.001 0.000 0.001 0.003 0.005
Group2 0.687 0.602 0555 0594 0.449 0.46
P 0.000 0.002 0.005 0.002 0.028 0.024

IRT provides a non-contact evaluation of surface temperature changes in tissues. Its
real-time, non-invasive, and side-effect-free method are its important advantages. Perhaps
the most important advantage of IRT is its high sensitivity to temperature changes in
asymptomatic pathological conditions [9, 33]. In measurements, body surface
temperature may vary depending on age, gender, weight, metabolism, topography of the
measured tissue area and blood circulation [16, 20]. IRT has been used in many species
in humans and animals for the examination of local lesions or systemic diseases. In recent
years, thermographic imaging has been used to determine the effects of pain and
anesthesia in surgical procedures and anesthesia, especially with vasomotor changes and
the response of C-sympathetic fibers [2, 12, 14]. To our knowledge, there is no study
examining the local temperature measurements of the wound area with IRT in a full-
thickness skin wound model. Present study was aimed to evaluate the differences of intra-
wound, wound edge, and non-wound local temperatures in untreated and treated wounds
of a full-thickness excisional skin wound model by IRT in rats.

In infrared thermography (IRT), since the device measures heat energy, the amount or
intensity of light in the environment does not affect the results [9, 18]. However,
environmental conditions such as sun rays, weather conditions, humidity, which may
affect the individual during thermographic shots, may cause general or local temperature
changes in the body [1, 13]. In case of thick hair covering that will affect the accuracy of
the measurements, it should be shaved [11, 13]. Luzi et al. [17] reported that all areas in
rabbits except the eyes are not suitable for IRT due to excess hair. There should be no
activities and environmental factors that will change the physiology while IRT
measurements are being made. The limitations of IRT are that thermographic
measurements do not give accurate results in direct sunlight, bad weather, stress, or during
feeding. This is not a disadvantage in research with experimental animals carried out
under animal laboratory conditions at certain standards. In the present study, these factors
that may adversely affect the IRT measurement were ruled out, thanks to the adaptation
of the experimental animals and subsequent thermographic measurements in the same
environment under standard conditions. The fact that it was hairless or less hairy in the
following days due to shaving in creating the wound model in the areas where the
measurements were made also ensured that there was no hair cover disadvantage. The
effect of feather cover can be evaluated in different studies to be carried out without
shaving the feathers.

Performing the thermographic image acquisition without contact provides a significant
advantage in both examinations and experimental studies. In IRT, it is also possible that
the images are not affected much by the movement of the region and that real-time
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comparisons can be made with different individuals. In thermal camera measurements
made by focusing on a part of the body, the emergence of other abnormal data in the
environment will decrease [23]. In our study, IRT measurements were made without
touching the wound, in an easy, practical way and away from the factors that would affect
the measurements. Individual and in-group comparisons were obtained successfully.

In IRT, the distance between the thermal camera and the area to be measured should
not be too much. This distance should be around 0.5-1 m on average and the measuring
angle should be close to 90°, depending on the area where the measurement is made and
the characteristics of the device [9, 19]. Although 90° is ideal as a measurement angle, it
has been reported that angle differences up to 20° (measurements with angles such as 70-
110°) are appropriate [35]. Some researchers say that the distance should be reduced to
0.5 m depending on the region [3, 7]. Due to the small size of the rats compared to many
species and the characteristics of the IRT device used in our study, thermographic
measurements were made at a distance of 0.5 m and an angle of 70-90°, which was found
to be the most appropriate during the applications, in order to obtain accurate results. In
our study, it was thought that the most accurate results were obtained with this distance
and angle.

There may be differences between the IRT values measured in the studies, depending
on many factors [11, 22]. Factors affecting blood pressure can indirectly change the body
(general) or tissue (local) temperature by affecting blood flow in capillaries [4]. In a study
that evaluated pain in laboratory animals with IRT, it was stated that the changes in
images and measurements were mostly affected by vasodilation and vasoconstriction.
IRT has been found to be a convenient method in pain assessment and has been
recommended for use in both research and animal health practices [22]. In a pilot study,
a thermography assessment of stress in dogs was performed. IRT was found to be a useful
tool in determining stress and emotional changes in dogs, but it was emphasized that more
studies should be done [30]. According to a study, obese individuals may have lower local
temperatures that can be noticed in measurements due to the fact that subcutaneous
adipose tissue is more and this increases thermal insulation [5]. These disadvantages did
not arise due to the fact that the animals in our study had certain standards and similar
characteristics, were not obese, and were not regions with dense fat tissue.

A study carried out on mice after a surgery event recording skin temperature variation
on selected body areas reported that the temperatures increase until day 7 and then
decrease reaching values not significatively different from the basal ones at day 21. These
results are stated useful to provide reference values for daily use of the IRT in animal lab
facilities [26]. In our study, it was determined that the maximum temperatures in the intra-
wound area and the minimum temperatures in the wound edge area on the 1st day of
wound treatment were significantly higher in the treatment group. Also, the minimum
temperatures in the wound edge area on the 14th day were significantly lower in the
treatment group. The differences in other measurements were not statistically significant.
Based on these, it can be said that the local temperature increases in the areas where
appropriate treatment is applied during the wound healing process. The more distance
from the wound center or the more wound treatment progresses, the local temperature
increases less. The reason for this was thought to be capillary hyperemia in the wound as
a result of topical stimulation with the first treatment application. In addition, time/local
temperature correlation was examined in terms of wound treatment in our study. Our
results indicate that there was less local temperature increase and therefore less
inflammation in the treatment group as the treatment progressed, while more
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inflammation was formed in the untreated group. The limitations of our study are the
inability to perform further methods that can examine vascularization, such as
histopathological and immunohistochemical examinations. More detailed plans can be
made in this respect in future studies.

Thus, with the researches in recent years, scientific data and consensus based on the
mechanisms, properties and effectiveness of IRT have been increasing. Thermography is
considered an effective and convenient method with many advantages in both laboratory
animals and domestic animals [6, 30]. In our study, in addition to the usefulness of IRT,
the results showing the thermographic changes of the wound tissue in terms of intra-
wound, wound edge and non-wound areas in the wound healing process provided original
data.

CONCLUSION

In conclusion, this study determined the reference values for the use of IRT in wound
healing studies in the full-thickness excisional skin wound model in rats. Further research
is needed to standardize the methodology for using IRT in other wound models, such as
infected wounds and diabetic wounds.

Acknowledgments. The authors declare that there is no conflict of interest for this study.

Conflict of Interest. “The authors declared that there is no conflict of interest.”

Authorship Contributions. Concept: M.Z.Y. D., C.T.l, O.K,, Design: M.Z.Y. D., C.T.l, O.K., Data
collection: M.Z.Y. D., C.T.l, O.K., Analysis or Interpretation: M.Z.Y. D., C.T.l, O.K,, Literature
Search: M.2.Y. D., C.T.l, O.K., Writing: M.Z.Y. D., C.T.l, O.K.

Financial Disclosure. This research received no grant from any funding agency/sector.

REFERENCES

[1] Alan, A. (2012): Termografi ve veteriner hekimliginde kullanimu. Erciyes Universitesi
Veteriner Fakiiltesi Dergisi 9(2): 133-140.

[2] Bruins, A. A.., Kistemaker, K. R.., Boom, A., Klaessens, J. H., Verdaasdonk, R. M., Boer,
C. (2018): Thermographic skin temperature measurement compared with cold sensation in
predicting the efficacy and distribution of epidural anesthesia. Journal of Clinical
Monitoring and Computing 32(2): 335-341.

[3] Caprano, T. C., Coughlin, B.F., Mader, T. J., Smithline, H. A. (2008): Testicular cooling
associated with testicular torsion and its detection by infrared thermography: an
experimental study in sheep. Journal of Urology 18: 2688—-2693.

[4] Casas-Alvarado, A., Mota-Rojas, D., Hernandez-Avalos, |., Mora-Medina, P., Olmos-
Hernandez, A., Verduzco-Mendoza, A., Martinez-Burnes, J (2020): Advances in infrared
thermography: Surgical aspects, vascular changes, and pain monitoring in veterinary
medicine. Journal of Thermal Biology 92: 1-9.

[5] Childs, C., Soltani, H. (2020): Abdominal cutaneous thermography and perfusion mapping
after caesarean section: A scoping review. International Journal of Environmental Research
and Public Health 17(22): 8693.

[6] Datsenko, A.V., Kazmin, V. I. (2016): Use of a remote infrared thermography in
experimental medicine at extreme influences (review). Saratov Journal of Medical
Scientific Research 12(4): 685-691.

500



[7]
(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Deveci et al.: Investigation of wound healing by infrared thermography in a full-thickness skin wound model in rats

Durrant, B. S., Ravida, N., Spady, T., Cheng, A. (2006): New technologies for the study of
carnivore reproduction. Theriogenology 66: 1729-1736.

Diizgiin, D., OR, M. (2009): Termal kameralarin tipta veteriner hekimlikte
kullanim1. TUBAV Bilim Dergisi 2(4): 468-475.

Eddy AL, Van Hoogmoed LM, Snyder JR (2001): The role of thermography in the
management  of  equine  lameness.  Veterinary  Journal  162:  172-181.

English, J., Johnson, A., Stalder, K., Karriker, L., Pairis-Garcia, M., Bruns, C (2018):
Evaluation of how anesthesia affect body temperature in sows using infrared
thermography. Animal Industry Report 664(1): 65.

Fiebig, K., Jourdan, T., Kock, M. H., Merle, R., & Thone-Reineke, C. (2018): Evaluation
of infrared thermography for temperature measurement in adult male NMRI nude
mice. Journal of the American Association for Laboratory Animal Science 57(6): 715-724.
Holmes L. C., Gaughan E. M., Gorondy D. A., Hogge S., Spire M. F. (2003): The effect of
perineural anesthesia on infrared thermographic images of the forelimb digits of normal
horses. Canadian Veterinary Journal 44(5): 392-396.

Kotrba, R., Knizkova, I., Kunc, P., Bartosa, L. (2007): Comparison between the coat
temperature of the eland and dairy cattle by infrared thermography. Journal of Thermal
Biology 32(6): 355- 359.

Kiils, N., Blissittb, K. J., Shaw, D. J., Schoffmannb, G., Clutton, R. E. (2017):
Thermography as an early predictive measurement for evaluating epidural and femorale
sciatic block success in dogs. Veterinary Anesthesia and Analgesia 44 (5): 1198-1207.
Larsson, J., Gordh, T. E. (2010): Testing whether the epidural works: too time consuming?
Acta Anaesthesiologia Scandinavica 54(6): 761-763.

Laughmiller, J. A., Spire, M. F., Dritz, S. S., Fenwick, B. W., Hosni, M. H., Hogge, S. B.
(2001): Relationship between mean surface temperature measured by use of infrared
thermograpy and ambient temperature in clinically normal pigs and pigs inoculated with
Actinobacillus Pleuropeumobia. American Journal of Veterinary Research 62: 676-681.
Luzi, F., Carenzi, C., Gargano, M., Verga, M., Ludwig, N. (2007): Applicability of infrared
thermography as a non invasive measurements of stress in rabbit. World Rabbit Science
15: 199-206.

Marr, C. (1992): Microwave thermography: A non-invasive technique for investigation on
injury of the superficial fleksor tendon in the horse. Equine Veterinary Journal 24(4): 269-
273.

Mccafferty, D. J. (2007): The value of infrared thermography for research on mammals:
previous applications and future directions. Mammal Review 37(3): 207-223.

Mike, R., Dunbar, M. S. (2009): Use of infrared thermography to detect thermographic
changes in mule deer (odocoileus hemionus) experimentally infected with foot and mouth
disease. Journal of Zoo and Wildlife Medicine 40(2): 296- 301.

Molina, A. M., Moyano, M. R., Serrano-Rodriguez, J. M., Ayala, N., Lora, A. J., Serrano-
Caballero, JM (2015): Analyses of anaesthesia with ketamine combined with different
sedatives in rats. Veterinarni Medicina 60(7): 368-375.

Mota-Rojas, D., Olmos-Hernandez, A., Verduzco-Mendoza, A., Lecona-Butrén, H.,
Martinez-Burnes, J., Mora-Medina, P., Orihuela, A. (2021): Infrared thermal imaging
associated with pain in laboratory animals. Experimental Animals 70(1): 1-12.

Narayan, E., Perakis, A., Meikle, W. (2019): Using thermal imaging to monitor body
temperature of koalas (Phascolarctos cinereus) in a zoo setting. Animals 9(12): 1094.
Ponrasu, T., Jamuna, S., Mathew, A., Madhukumar, KN., Ganeshkumar, M., lyappan, K.,
Suguna, L. (2013): Efficacy of L-proline administration on the early responses during
cutaneous wound healing in rats. Amino Acids 45(1): 179-189.

Purohit, R. C., McCoy, M. D. (1980): Thermography in the diagnosis of inflammatory
processes in the horse. American Journal of Veterinary Research 41(8): 1167-1174.

501



[26]

[27]
[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Deveci et al.: Investigation of wound healing by infrared thermography in a full-thickness skin wound model in rats

Redaelli, V., Lotfie Bosi, A., Marsella, G., Calvillo, L., Grignaschi, G., Ludwig, N., Papa,
S., Veglianese, P., Vismara, I., Rimondo, S., Luzi, F. (2018): Measurement by infrared
thermography of skin temperature variations in mice undergoing a surgery event. 14"
Quantitative Infrared Thermography Conference (QIRT): 325-328.

Ring, E. F. J. (2000): The discovery of infrared radiation in 1800. Imaging Sci J 48: 1-8.
Shiga, Y., Minami, K., Uezono, Y., Segawa, K., Nagaoka, E., Shiraishi, M., Shigematsu,
A. (2003): Effects of the intravenously administered anaesthetics ketamine, propofol, and
thiamylal on the cortical renal blood flow in rats. Pharmacology 68(1): 17-23.

Travain, T., Valsecchi, P. (2021): Infrared Thermography in the Study of Animals’
Emotional Responses: A Critical Review. Animals 11(9): 2510.

Travain, T., Colombo, E. S., Heinzl, E., Bellucci, D., Previde, E. P., & Valsecchi, P. (2015):
Hot dogs: Thermography in the assessment of stress in dogs (Canis familiaris)—A pilot
study. Journal of Veterinary Behavior 10(1): 17-23.

Trum J. W., Gubler F. M., Laan R., van der Veen, F. (1996): The value of palpation,
varicoscreen contact thermography and colour Doppler ultrasound in the diagnosis of
varicocele, Hum Reprod, 11(6): 1232-1235.

Tung, A., Herrera, S., Fornal, C. A., Jacobs, B. L. (2008): The effect of prolonged
anesthesia with isoflurane, propofol, dexmedetomidine, or ketamine on neural cell
proliferation in the adult rat. Anesthesia & Analgesia 106(6): 1772-1777.

Turner T. A. (2001): Diagnostic thermography. Vet Clin North Am Equine Pract 17(1): 95-
113.

Vogel, B., Wagner, H., Gmoser, J., Worner, A., Loschberger, A., Peters, L., Frantz, S.
(2016): Touch-free measurement of body temperature using close-up thermography of the
ocular surface. MethodsX 3: 407-416.

Westermann, S., Buchner, H. H. F., Schramel, J. P., Tichy, A., Stanek, C. (2013): Effects
of infrared camera angle and distance on measurement and reproducibility of
thermographically determined temperatures of the distolateral aspects of the forelimbs in
horses. Journal of American Veterinary Medicine Assocation 242: 388—395.

Yasuda, T., Takahashi, S., Matsuki, A. (2002): Tumor necrosis factor-alpha reduces
ketamine- and propofol-induced anesthesia time in rats. Anesthesia Analgesia 95(4): 952-
955.

502



