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ABSTRACT

The present clinical investigation was accomplished during the events of the fifth King Abdulaziz Camel Festival
(KACF), Kingdome of Saudi Arabia. It was planned to investigate surface thermographic measurements in healthy
dromedary camels. A total of 4627 dromedary camels were examined for cosmetic medicine; 90 camels were tested for
infrared thermography (IRT). Eighteen anatomic were evaluated and results were tabulated. These included upper lips,
lower lips, nostrils, nasal alae, pinna, maxilla, mandible, eyeball, neck, chest, abdomen, hump, tail sides, perineum,
udder, testis, penile sheath and foot. Seventy-four camels with injected or stretched lips were also examined. A control
group consisting of 25 camels was used. Injected lips with fillers were detected in fourteen camels and extended lips
were discovered in other sixty dromedaries. When tested by IRT, the injection sites appeared darker than that the
surrounding tissue. There were no significant differences between the values in injected lips compared to that in controls.
Similarly, there were no significant differences between the values in stretched lips compared to that in controls. The
stretched lips appeared longer, flabby and puffy. When tested by IRT, the mucosal surface in the stretched lips appeared
lighter and heterogeneous compared to the darker and homogenous pattern in the non-stretched lips. Concluding, the
thermographic values of this study are reference values for healthy camels in a similar environment. The obtained results
also showed that IRT is highly feasible and shows promise for detecting lesions such as injected or stretched lips.

However, it is not enough and should be combined with clinical and ultrasonographic examinations.
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INTRODUCTION

The clinician resorts to many circumstances to inject a
tranquilizer in order to examine the camels to evaluate their
general condition; including measuring body temperature,
and in most cases, the veterinarian is forced to examine the
camels while they are lying down. For 6 successive
seasons, the camel beauty show is held in Saudi Arabia
where camels are enrolled from various countries. Due to
the high fame and the high prize money, some camel
owners resort to performing plastic surgery for their camels
through filler injection in the head or extending the lips
(Tharwat and Al-Hawas 2021).

Infrared thermography (IRT) is now considered a
painless diagnostic innovation that measures surface body
temperature. Different skin temperatures can be identified
from skin surface points to external inflammations or
differences in blood circulation (Stelletta et al. 2012). The
infrared camera is functioning by detecting the thermal

energy discharged from the surface followed by
transforming it into an electrical indicative symmetrical to
the power of the IRT (Usamentiaga et al. 2014). The
feasibility of utilization IRT in clinical field is not only
accomplished by its non-invasiveness, integrity, and lesser
eventuality of pseudo results caused by temperature
elevations, but also by the accuracy of assessments gained
using this technology (McCafferty 2007; Cilulko et al. 2013).

In humans, the methodology of IRT is applied in
several affections for example examining the blood and
lymph circulations, plastic surgery and neoplastic diseases
especially for the detection of mammary tissue tumor in
human females (Fauci et al. 2001; Vargas et al. 2009). In
veterinary field, IRT is presently used in the verification of
some affection that leads to an elevation in skin
temperature for example inflammation of the sensible
framework of the hoof and inflammation of the udder
(Schaefer et al. 2004; Stelletta et al. 2007). Furthermore, it
has been found that a correlation exists between the
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superficial temperature of the testicles and their function
(Brito et al. 2012; Yadav et al. 2019). In addition, IRT
became useful for identifying reproductive changes in
different (Talukder et al. 2014). IRT has also been applied
for scanning mammary stress induced by milking
(Tangorra et al. 2019) and to estimate stress in sheep
(Cannas et al. 2018). In camels, the feasibility of utilizing
an infrared-thermographic technique for early diagnosis of
mastitis in dairy camels has also been investigated (Samara
et al. 2014). An article describing the application of IRT in
camels with either injected or stretched lips in dromedary
camels has been published recently (Tharwat et al., 2021a).
This study was carried out to report the results of IRT in
different anatomic regions in healthy dromedary camels.

MATERIALS AND METHODS

Ethical Approval

The Committee of Animal Ethics, Research of
Scientific Deanship, University of Qassim, Saudi Arabia
approved the experimental procedures of this study (QU-
IF-2-1-3-25504).

Camels

Current investigation has been performed during the
fifth round of the KACF in the Kingdom of Saudi Arabia
(November 29" - December 28", 2020). A total of 4627
camels (Camelus dromedarius) were tested for cosmetic
medicine especially fillers injection in the head as well as
stretching the lips. Of the 90 camels (72 females and 18
males) were tested for IRT based on a history of absence of
diseases, normal hematological and biochemical analyses
and complete absence of skin lesions.

Camel Thermography

The thermographic camera used was a FLUKE®
TiX580 (USA). It has a sensitivity of 0.05°C, a range of
temperature of 20 negative degrees to 1000°C, automatic
hot/cold discovery, detector efficacy of 640x480 (307,200
pixels), a spatial resolution of 0.93 mRad, D: S 1065:1, the
field of view 34 °H x 24 °V/, minimum focus distance 15 cm,
an integrated color camera of 5.0 megapixels, and it provides
4x the pixel data with the on-camera super-resolution to
create a 1280x960 resolution image. The infrared camera
was also equipped with a laser pointer, LaserSharp® Auto
Focus for consistently in-focus images and a laser distance
meter that measures the distance to the goal for exactly
focused images and shows range on monitor. Thermographic
measurements were taken from 7.00 to 10.00 AM. During
the festival period, the ambient temperature was a minimum
of 6-17°C (11.5+4.7°C) and a maximum of 20-27°C
(24.5+3.0°C), relative humidity 26-80% (50.7+18.7%) and
wind speed 11-23km/h (15.2+6.3km/h).

IRT was used to measure skin temperature (°C) in 18
anatomic regions of the 90 selected camels either in
standing or recumbent position. Tested anatomic sites
included upper lips, lower lips, nostril, nasal alae, pinna,
maxilla, mandible, eyeball, neck, chest, abdomen, hump,
tail sides, perineum, udder, testis, penile sheath and foot.
Two to three measurements were recorded in different
points (upper, middle and lower third) for the neck, udder,
penile sheath, testis and perineum and the average was
taken. Images were taken 0.65-3.10m away from the camels.
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RESULTS

Camels evaluated by IRT were selected on the basis of
the absence of any dermatologic lesions, which could
intervene with the thermographic temperature. Camels
enrolled for the study were of various colors ranging from
white to black colors that are represented in the beauty
show. Camels ranged from five to ten years old, and their
weighted 450 to 700kg. Of the 4727 tested camels during
the fifth KACF, 14 (0.30%) were found to be injected with
fillers in the lips and 60 (1.27%) camels had extended lips.
None of these animals had a history of recent illness.

Table 1 shows the means and standard deviation
together with the low and high thermographic temperature
ranges of the 18 selected anatomic points of the camel
body, alongside the 25, 50, 75, 95 and 99% percentiles,
respectively. The palmer and planter foot surfaces were
tested by IRT for comparison. The palmer foot surface had
a higher skin temperature (24.9+3.3°C) compared to a
planter foot surface value (23.3+3.0°C), but with a non-
significant difference between them (P=0.06).

Fig. 1 shows anatomic sites for thermographic
measurements of the upper and lower lips, nostril, nasal
alae, neck, chest, abdomen and hump. Fig. 2 shows other
tested points that included the udder, tail sides, penile
sheath, testis, perineum and foot.

DISCUSSION

For the Arab peoples, especially in the Gulf area, camels
constitute cultural, literary, heritage and civilizational
legacies. Of course, they are substantial species in the
Arabian Peninsula being used for production of milk and
meat. During the past decade, there has been an overall rise
attentiveness in camel race competitions (Tharwat et al.
2013; Tharwat and Al-Sobayil 2015; Tharwat and Al-
Sobayil 2018; Tharwat 2021). In addition, during the last 7
years’ camel beauty shows are being held regularly in Saudi
Arabia where tremendous prizes are awarded. For this
reason, plastic surgery on camels is currently rampant in the
Gulf countries (Tharwat and Al-Hawas 2021; Tharwat et al.,
2021a, b). To our information, this is the headmost clinical
report investigating thermographic measurements of
different anatomic sites in healthy camels.

The technology of IRT is currently applied in a diverse
range of fields including industry, construction, and
medicine. Applications in human and veterinary medical
science emphasize its use as a general diagnostic tool in
such areas as detection of oncology, orthopedics,
reconstructive surgeries such as microvascular autologous
breast reconstruction, and rehabilitation; while in surgery
and anesthesiology it is used to monitor pain (Milosevic et
al. 2018; Casas-Alvarado et al. 2020; Damido et al. 2021,
Moreira et al. 2021; Mostafa et al. 2021; KesztyUs et al.
2022). The use of IRT in veterinary medicine is now
growing as an auxiliary tool for assessing several
conditions either physiological or pathological (Harris-
Bridge et al. 2018; Witkowska-Pitaszewicz et al. 2020;
Machado et al. 2021; Tharwat et al. 2021a).

In animals, thermography is a satisfactory technology
as it is safe and the infrared camera is distant from the
subject being evaluated (Stewart et al. 2005). The
temperature of air, heat transmission and radiance affect the
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Table 1: Values of infrared thermography (°C) in 18 anatomic sites of healthy dromedary camels (n=90; 72 females and 18 males)

Variable Mean+SD Minimum Maximum Percentiles

25% 50% 75% 95% 99%
Upper lip 31.2+3.0 26.1 355 30.0 31.1 32.9 34.9 355
Lower lip 31.0+2.4 26.5 354 29.3 30.6 32.8 345 35.1
Nostril 24.1+4.0 17.8 32.9 20.1 23.6 27.0 31.3 32.6
Nasal alae 28.0+2.2 24.3 32.8 26.4 28.0 29.2 315 325
Pinna 23.9+4.3 18.1 33.0 203 24.0 27.3 304 32.3
Maxilla 29.9+2.6 26.0 33.6 27.9 30.8 314 32.8 334
Mandible 27.8+1.8 24.0 31.3 27.2 28.0 28.7 29.9 31.0
Eye ball 34.7+1.2 324 39.8 34.0 34.7 35.4 35.9 38.0
Neck 25.6+1.8 22.6 28.5 24.5 25.8 26.9 28.4 28.5
Chest 22.4+3.6 175 28.3 19.6 21.6 25.0 28.1 28.2
Abdomen 21.9+4.3 15.8 32.2 18.6 21.3 23.8 28.6 31.3
Hump 21.6+4.7 155 31.0 17.8 21.1 24.8 30.3 31.0
Tail sides 22.6+4.7 15.4 31.3 19.2 22.2 27.0 29.5 31.0
Perineum 33.7+2.4 27.8 37.2 32.3 33.8 35.3 37.0 37.2
Udder 29.6+3.4 22.2 35.8 275 29.6 315 34.7 355
Testis 26.6£2.0 23.0 311 25.4 26.4 27.6 30.4 31.0
Penile sheath 27.7+£3.0 20.0 34.0 25.7 28.5 29.3 321 334
Foot 23.8+3.2 17.2 30.0 21.2 23.9 25.9 29.3 29.8

Fig. 1: Anatomic sites for thermographic measurements of the upper lips, lower lips, nostril, nasal alae, neck, chest, abdomen and hump.
Images a, ¢ and e show thermographic values in °C while b, d and f are without measurements for comparisons.
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Fig. 2: Other tested anatomic sites that include udder (a), tail sides (b), penile sheath (c), testis (d), perineum (e) and foot (f).

temperature of the body surface of animals which is
measured also by the flow of blood and rate of metabolism
of the deep tissues. Therefore, measuring of the
superficial temperature through IRT may discover
changes in regional flow of blood due to either infection
or inflammation (Eddy et al. 2001). IRT detect the
locative temperature of a goal area and produces a visible
chart of the spatial temperature of tested area by utilizing
pseudo color scales to symbolize pre-defined
temperatures (Harris-Bridge et al. 2018).

In this study, the thermographic measurements in the
18 tested sites are considered references for healthy
camels. However, care must be considered when
compared with camels in different geographic locations
with different ambient temperatures, relative humidity
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and different wind speed. In a report published on dogs,
Omobowale et al. (2017) clarified that measurements of
temperature by using non-contact IRT were bad in
uniformity as well as harmonization versus rectal
temperature and utility of IRT in clinical filed flatness
depending on exact standardization and hence not
advisable for application in the field. However, a report
carried out on cattle by Stumpf et al. (2021), showed that
by IRT of the mammary side, the veterinarian may be able
to exactly expect an animal’s rectal temperature.
Unfortunately, in this study correlation among rectal
thermometry and ambient temperature and thermographic
measurements in different anatomic sites were not
performed therefore another study is required to
emphasize such correlations.



Conclusion

The obtained thermographic values of different
anatomic sites in camels are considered reference values
for healthy camels in similar geographic locations or in
areas with similar ambient temperature, relative humidity
and wind speed. Other studies are needed however to
validate whether there is a linkage between the rectal
temperature and ambient temperature and thermographic
values in different anatomic sites.

Acknowledgments

The authors extend their appreciation to the
Deputyship for Research& Innovation, Ministry of
Education, Saudi Arabia for funding this research work
through the project number (QU-IF-2-1-3-25504). The
authors also thank Qassim University for technical support.

REFERENCES

Brito LFC, Barth AD, Wilde RE and Kastelic JP, 2012. Testicular
vascular cone development and its association with scrotal
temperature, semen quality, and sperm production in beef
bulls. Animal Reproduction Science 134: 135-140.
https://doi.org/10.1016/j.anireprosci.2012.08.025

Cannas S, Palestrini C, Canali E, Cozzi B, Ferri N, Heinzl E,
Minero M, Chincarini M, Vignola G and Costa ED, 2018.
Thermography as a non-invasive measure of stress and fear
of humans in sheep. Animals 8: 146. https://doi.org/
10.3390/ani8090146

Casas-Alvarado A, Mota-Rojas D, Hernandez-Avalos 1, Mora-
Medina P, Olmos-Hernandez A, Verduzco-Mendoza A,
Reyes-Sotelo B and Martinez-Burnes J, 2020. Advances in
infrared thermography: Surgical aspects, vascular changes,
and pain monitoring in veterinary medicine. Journal of
Thermal Biology 92: 102664. https://doi.org/10.1016/].
jtherbio.2020.102664

Cilulko J, Janiszewski P, Bogdaszewski M and Szczygielska E,
2013. Infrared thermal imaging in studies of wild animals.
European Journal of Wildlife Research 59: 17-23.
https://doi.org/10.1007/s10344-012-0688-1

Damido CP, Montero JRG, Moran MBH, de Oliveira Marcal E
Silva Carvalho ME, de Farias CG, Brito 1B, Saad MAN,
Fontes CAP, Fainstein C, Rodrigues MFO, Palombo A,
Conci A, da Cruz Filho RA and Lima GAB, 2021.
Application of thermography in the diagnostic investigation
of thyroid nodules. Endocrine Journal 68: 573-581.
https://doi.org/10.1507/endocrj.EJ20-0541

Eddy AL, Van Hoogmoed LM and Snyder JR, 2001. The role of
thermography in the management of equine lameness.
Veterinary  Journal 162: 172-181. https://doi.org/
10.1053/tvjl.2001.0618

Fauci MA, Breiterb R, Cabanski W, Fick W, Koch R, Ziegler J
and Gunapala SD, 2001. Medical infrared imaging —
Differentiating facts from fiction, and the impact of high
precision quantum well infrared photodetector camera
systems, and other factors, in its reemergence. Infrared
Physics and Technology 42: 337-344. https://doi.org/
10.1016/S1350-4495(01)00093-7

Harris-Bridge G, Young L, Handel I, Farish M, Mason C,
Mitchell MA and Haskell MJ, 2018. The use of infrared
thermography for detecting digital dermatitis in dairy cattle:
What is the best measure of temperature and foot location to
use? Veterinary Journal 237: 26-33. https://doi.org/10.
1016/j.tvjl.2018.05.008

Kesztyus D, Brucher S and Kesztylis T, 2022. Use of infrared
thermography in medical diagnostics: a scoping review
protocol. BMJ Open 12: e059833. https://doi.org/10.1136/
bmjopen-2021-059833

766

Int J Vet Sci, 2023, 12(6): 762-767.

Machado NAF, Da Costa LBS, Barbosa-Filho JAD, De Oliveira
KPL, De Sampaio LC, Peixoto MSM and Damasceno FA,
2021. Using infrared thermography to detect subclinical
mastitis in dairy cows in compost barn systems. Journal of
Thermal Biology 97: 102881. https://doi.org/10.1016/j.
therbio.2021.102881

McCafferty DJ, 2007 The value of infrared thermography for
research on mammals: previous applications and future
directions. Mammal Review 37: 207-223. https://doi.org/
10.1111/1.1365-2907.2007.00111.x

Milosevic M, Jankovic D, Milenkovic A and Stojanov D, 2018.
Early diagnosis and detection of breast cancer. Technology
and Health Care 26: 729-759. https://doi.org/10.3233/THC-
181277

Moreira A, Batista R, Oliveira S, Branco CA, Mendes J and
Figueiral MH, 2021. Role of thermography in the assessment
of temporomandibular disorders and other musculoskeletal
conditions: A systematic review. Proceedings of the
Institution of Mechanical Engineers, Part H 235: 1099-1112.
https://doi.org/10.1177/09544119211023616

Mostafa M, Helmy NA, Ibrahim AS, Elsayad M and Hasanin AM,
2021. Accuracy of infrared thermography in detecting febrile
critically ill patients. Anaesthesia, Critical Care & Pain
Medicine 40: 100951. https://doi.org/10.1016/j.accpm.
2021.100951

Omobowale T, Ogunro BN, Odigie EA, Otuh Pl and Olugasa BO,
2017. a comparison of surface infrared with rectal
thermometry in dogs. Nigerian Journal of Physiological
Sciences 32: 123-127.

Samara EM, Ayadi M and Aljumaah RS, 2014. Feasibility of
utilising an infrared-thermographic technique for early
detection of subclinical mastitis in dairy camels (Camelus
dromedarius). Journal of Dairy Research 81: 38-45.
https://doi.org/ 10.1017/S0022029913000605

Schaefer AL, Cook N, Tessaro SV, Deregt D, Desroches G,
Dubeski PL, Tong AKW and Godson DL, 2004. Early
detection and prediction of infection using infrared
thermography. Canadian Journal of Animal Science 84: 73—
80. https://doi.org/10.4141/A02-104

Stelletta C, Gianesella M, Vencato J, Fiore E and Morgante M,
2012. Thermographic applications in veterinary medicine.
In: Prakash RV, editor. Infrared thermography. In: INTECH
Open Access Publisher; https://www. intechopen.com/
books/infrared-thermography/thermographic-applicationsin
-veterinary-medicine.

Stelletta C, Murgia L, Caria M, Gianesella M, Pazzona A and
Morgante M, 2007. Thermographic study of the ovine
mammary gland during different working vacuum levels.
Italian ~ Journal of Animal Science 6: 600.
https://doi.org/10.4081/ijas.2007.1s.535ijas.2007.1s.600

Stewart M, Webster JR, Schaefer AL, Cook NJ and Scott SL,
2005. Infrared thermography as a non-invasive tool to study
animal welfare. Animal Welfare 14: 319-325.

Stumpf M, McManus CM, Daltro DS, Alfonzo EPM, Dalcin V,
Kolling GJ, Vieira RA, Louvandini H, Fischer V and da
Silva MVGB, 2021. Different methods of assessing udder
temperature through thermography and their relation with
rectal temperature. Tropical Animal Health and Production
53: 44, https://doi.org/10.1007/s11250-020-02435-y

Talukder S, Kerrisk KL, Ingenhoff L, Thomson PC, Garcia SC
and Celi P, 2014. Infrared technology for estrus detection
and as a predictor of time of ovulation in dairy cows in a
pasture-based system. Theriogenology 81: 925-935.
https://doi.org/ 10.1016/j.theriogenology.2014.01.009

Tangorra FM, Redaelli V, Luzi F and Zaninelli M, 2019. The use
of infrared thermography for the monitoring of udder teat
stress caused by milking machines. Animals 9: 384.
https://doi.org/10.3390/ani9060384

Tharwat M, Al-Sobayil F and Buczinski S, 2013. Effect of racing
on the serum concentrations of cardiac troponin | and CK-



https://doi.org/
https://pubmed.ncbi.nlm.nih.gov/?term=Cannas+S&cauthor_id=30134557
https://pubmed.ncbi.nlm.nih.gov/30134557/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Palestrini+C&cauthor_id=30134557
https://pubmed.ncbi.nlm.nih.gov/?term=Canali+E&cauthor_id=30134557
https://pubmed.ncbi.nlm.nih.gov/?term=Cozzi+B&cauthor_id=30134557
https://pubmed.ncbi.nlm.nih.gov/?term=Ferri+N&cauthor_id=30134557
https://pubmed.ncbi.nlm.nih.gov/?term=Heinzl+E&cauthor_id=30134557
https://pubmed.ncbi.nlm.nih.gov/?term=Minero+M&cauthor_id=30134557
https://pubmed.ncbi.nlm.nih.gov/?term=Chincarini+M&cauthor_id=30134557
https://pubmed.ncbi.nlm.nih.gov/?term=Vignola+G&cauthor_id=30134557
https://doi.org/
https://pubmed.ncbi.nlm.nih.gov/32888567/
https://pubmed.ncbi.nlm.nih.gov/32888567/
https://pubmed.ncbi.nlm.nih.gov/32888567/
https://doi.org/10.1016/j
https://link.springer.com/article/10.1007/s10344-012-0688-1#auth-Pawe_-Janiszewski
https://link.springer.com/article/10.1007/s10344-012-0688-1#auth-Marek-Bogdaszewski
https://link.springer.com/article/10.1007/s10344-012-0688-1#auth-Eliza-Szczygielska
https://link.springer.com/journal/10344
https://doi.org/
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1007%2Fs10344-012-0688-1?_sg%5B0%5D=7STEtrF5OpdqU0-F0ilajJPzVPYw9Bk_pNxeCXAIERbDYhTnCv4-fQlHsQvfIuazfs70i9f9WbzUk4izdmKmYm82sQ.zKhoOExPEvshrC4d3OSstSsFPVasm-iLCUa_t_I9mlADa4O23L-liNBcCnudKsaWnC28SAlhw_Xgm0Kxa1ZcMA
https://pubmed.ncbi.nlm.nih.gov/33473070/
https://pubmed.ncbi.nlm.nih.gov/33473070/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.1016/S1350-4495(01)00093-7
https://pubmed.ncbi.nlm.nih.gov/?term=Harris-Bridge+G&cauthor_id=30089541
https://pubmed.ncbi.nlm.nih.gov/30089541/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Young+L&cauthor_id=30089541
https://pubmed.ncbi.nlm.nih.gov/30089541/#affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Handel+I&cauthor_id=30089541
https://pubmed.ncbi.nlm.nih.gov/30089541/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Farish+M&cauthor_id=30089541
https://pubmed.ncbi.nlm.nih.gov/30089541/#affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Mason+C&cauthor_id=30089541
https://pubmed.ncbi.nlm.nih.gov/30089541/#affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Mitchell+MA&cauthor_id=30089541
https://pubmed.ncbi.nlm.nih.gov/30089541/#affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Haskell+MJ&cauthor_id=30089541
https://pubmed.ncbi.nlm.nih.gov/30089541/#affiliation-3
https://doi.org/10
https://pubmed.ncbi.nlm.nih.gov/35365546/
https://pubmed.ncbi.nlm.nih.gov/35365546/
https://pubmed.ncbi.nlm.nih.gov/35365546/
https://doi.org/10.1136/
https://pubmed.ncbi.nlm.nih.gov/33863445/
https://pubmed.ncbi.nlm.nih.gov/33863445/
https://doi.org/10.1016/j.j
https://doi.org/
https://doi.org/10.1111/j.1365-2907.2007.00111.x
https://pubmed.ncbi.nlm.nih.gov/30124455/
https://doi.org/
https://pubmed.ncbi.nlm.nih.gov/34082627/
https://pubmed.ncbi.nlm.nih.gov/34082627/
https://pubmed.ncbi.nlm.nih.gov/34082627/
https://doi.org/
https://pubmed.ncbi.nlm.nih.gov/34560314/
https://pubmed.ncbi.nlm.nih.gov/34560314/
https://doi.org/10.1016/j.accpm.%202021.100951
https://doi.org/10.1016/j.accpm.%202021.100951
https://pubmed.ncbi.nlm.nih.gov/?term=Ogunro+BN&cauthor_id=29485631
https://pubmed.ncbi.nlm.nih.gov/?term=Odigie+EA&cauthor_id=29485631
https://pubmed.ncbi.nlm.nih.gov/?term=Otuh+PI&cauthor_id=29485631
https://pubmed.ncbi.nlm.nih.gov/?term=Olugasa+BO&cauthor_id=29485631
https://doi.org/
https://doi.org/
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.4141%2FA02-104?_sg%5B0%5D=4OXHil3rv7EuWThVRmFelLKL7vsKNARsx3QKjl2ADKrizMbfou7OmsZsQlFaOkyTBKaBOY1lcfJhzzZgONe7IIk61A.rpKOWdp1eJFEumtk1mq4Ajc9DZRdKH6Z7O1NNQafLZfLwlf7FcS15clpS884vtlxCqfpaeK4tjkyLKcPjrkH8w
https://doi.org/
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.4081%2Fijas.2007.1s.535ijas.2007.1s.600?_sg%5B0%5D=dgEKGGPSaPgP7-3LxV0bYpYHOAxUx5GCI2brnLgqBMPUmBnlVtmxtV8RHRoVs7D4P4cLYXKJZM1DSg2qiQiE1gj43A.f8PSuw495-QfhuIuWTXhBXZHRLQBlp4mwVNa9TSs5kePKhvPGiXsJKXCV9gxu8TjJjKfcAY53EhNOD1XwZUzMw
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=JR%20Webster&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=AL%20Schaefer&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=NJ%20Cook&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=SL%20Scott&eventCode=SE-AU
https://pubmed.ncbi.nlm.nih.gov/?term=Stumpf+MT&cauthor_id=33231754
https://pubmed.ncbi.nlm.nih.gov/33231754/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=McManus+CM&cauthor_id=33231754
https://pubmed.ncbi.nlm.nih.gov/33231754/#affiliation-3
https://pubmed.ncbi.nlm.nih.gov/?term=Daltro+DS&cauthor_id=33231754
https://pubmed.ncbi.nlm.nih.gov/33231754/#affiliation-4
https://pubmed.ncbi.nlm.nih.gov/?term=Alfonzo+EPM&cauthor_id=33231754
https://pubmed.ncbi.nlm.nih.gov/33231754/#affiliation-4
https://pubmed.ncbi.nlm.nih.gov/?term=Dalcin+V&cauthor_id=33231754
https://pubmed.ncbi.nlm.nih.gov/33231754/#affiliation-4
https://pubmed.ncbi.nlm.nih.gov/?term=Kolling+GJ&cauthor_id=33231754
https://pubmed.ncbi.nlm.nih.gov/33231754/#affiliation-4
https://pubmed.ncbi.nlm.nih.gov/?term=Vieira+RA&cauthor_id=33231754
https://pubmed.ncbi.nlm.nih.gov/33231754/#affiliation-3
https://pubmed.ncbi.nlm.nih.gov/?term=Louvandini+H&cauthor_id=33231754
https://pubmed.ncbi.nlm.nih.gov/33231754/#affiliation-5
https://pubmed.ncbi.nlm.nih.gov/?term=Fischer+V&cauthor_id=33231754
https://pubmed.ncbi.nlm.nih.gov/33231754/#affiliation-4
https://pubmed.ncbi.nlm.nih.gov/?term=da+Silva+MVGB&cauthor_id=33231754
https://pubmed.ncbi.nlm.nih.gov/?term=da+Silva+MVGB&cauthor_id=33231754
https://doi.org/
https://pubmed.ncbi.nlm.nih.gov/?term=Kerrisk+KL&cauthor_id=24560547
https://pubmed.ncbi.nlm.nih.gov/24560547/#affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Ingenhoff+L&cauthor_id=24560547
https://pubmed.ncbi.nlm.nih.gov/24560547/#affiliation-3
https://pubmed.ncbi.nlm.nih.gov/?term=Thomson+PC&cauthor_id=24560547
https://pubmed.ncbi.nlm.nih.gov/24560547/#affiliation-4
https://pubmed.ncbi.nlm.nih.gov/?term=Garcia+SC&cauthor_id=24560547
https://pubmed.ncbi.nlm.nih.gov/24560547/#affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Celi+P&cauthor_id=24560547
https://pubmed.ncbi.nlm.nih.gov/24560547/#affiliation-5
https://doi.org/
https://pubmed.ncbi.nlm.nih.gov/?term=Tangorra+FM&cauthor_id=31234510
https://pubmed.ncbi.nlm.nih.gov/31234510/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Redaelli+V&cauthor_id=31234510
https://pubmed.ncbi.nlm.nih.gov/31234510/#affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Luzi+F&cauthor_id=31234510
https://pubmed.ncbi.nlm.nih.gov/31234510/#affiliation-3
https://doi.org/

MB in racing camels (Camelus dromedarius). Veterinary
Research Communications 37: 139-144. https://doi.org/
10.1007/s11259-013-9556-z

Tharwat M and Al-Sobayil F, 2015. The impact of racing on the
serum concentrations of acute phase proteins in racing
dromedary camels. Comparative Clinical Pathology 24:
575-579. https://doi.org/10.1007/s00580-014-1948-0

Tharwat M and Al-Sobayil F, 2018. The impact of racing on
serum concentrations of bone metabolism biomarkers in
racing Arabian camels. Journal of Camel Practice and
Research ~ 25: 59-63.  https://doi.org/10.5958/2277-
8934.2018.00009.7

Tharwat M and Al-Hawas A, 2021. Ultrasound detection of
cosmic filler injection of lips in camel beauty pageants: first
report in veterinary medicine. Tropical Animal Health and
Production 53: 53. https://doi.org/10.1007/s11250-020-
02551-9

Tharwat M, 2021. Influence of 8 km training on cardiac
biomarkers alongside hematobiochemical profiles in race
camels. Journal of Camel Practice and Research 28: 79-84.

Tharwat M, Al-Hawas A and Albotti Y, 2021a. Infrared
thermography in healthy dromedary camels and its
feasibility in injected and stretched lips in camel beauty

767

Int J Vet Sci, 2023, 12(6): 762-767.

pageants. Journal of Camel Practice and Research 28: 355-
359. https://doi.org/10.5958/2277-8934.2021.00054.0
Tharwat M, Al-Hawas A and Aldhubayi A, 2021b. Testosterone
and growth hormone levels in female dromedary camels.
Journal of Camel Practice and Research 28: 373-376.
https://doi.org/10.5958/2277-8934.2021.00057.6

Usamentiaga R, Venegas P, Guerediaga J, Vega L, Molleda J and
Bulnes FG, 2014. Infrared thermography for temperature
measurement and non-destructive testing. Sensors 14:
12305-12348. https://doi.org/10.3390/s140712305

Vargas JVC, Brioschi ML, Dias FG, Parolin MB, Mulinari-
Brenner FA, Ordonez JC and Colman D, 2009. Normalized
methodology for medical infrared imaging. Infrared Physics
and Technology 52: 42-47. https://doi.org/10.1016/j.
infrared.2008.11.003

Witkowska-Pitaszewicz O, Masko M, Domino M and Winnicka
A, 2020. Infrared thermography correlates with lactate
concentration in blood during race training in horses.
Animals 10: 2072, https://doi.org/10.3390/ani10112072

Yadav SK, Singh P, Kumar P, Singh SV, Singh A and Kumar S,
2019. Scrotal infrared thermography and testicular biometry:
Indicator of semen quality in Murrah buffalo bulls. Animal
Reproduction Science 209: 106145. https://doi.org/10.1016/
j.anireprosci.2019.106145



https://doi.org/
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1007%2Fs11259-013-9556-z?_sg%5B0%5D=0rUeeZ5sfPoSWEtTvkDMMNtYrgJmymDpGDrgAR4dUh_8iqKAHDbas5IpigC8H1le1PZDdPDCXb8dg9MYk2_CQSrWPg.WyUeMRsJK2jQcDVb2EjiuKvBRuUAuZEbTBO7gmZgbfKOP0gIgG0IcF46gX9ESH-zWoU1oPSHL7gS-aFFRiTSZA
https://doi.org/
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1007%2Fs00580-014-1948-0?_sg%5B0%5D=howBU4nPO4_HY2lED0hU4Cj4FBGUZ_lY6sUz0erMzMYZCZ4ExqI0N28uUmbM0OG74fwjpQXCLtKQCUksw9rDTckm2w.6ty0cC7npbTckZqkbn_xWuj-mtI3amD1WWtXV8UyIwu3oO4idmJi321HwQsir2Qpp5Qi-EHQHiC4JbjTHeXNVA
https://doi.org/
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.5958%2F2277-8934.2018.00009.7?_sg%5B0%5D=1ZmJW1ADCpmLjSmupmJFV8Am9-o6jpnE4rvbDhnwD24E7Auv9EFq-FA8qo_G5WdohUtU2mvPrZtQBVLoTZrL1JlWyg.fqJRkiAhlPfM0GLIvThhqPJULb4hEfPNlM9RdCYFG-BBfjkAtdk-PdhvPBeshlCKrgmnRSHPsH4nLnfIAcqU7g
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.5958%2F2277-8934.2018.00009.7?_sg%5B0%5D=1ZmJW1ADCpmLjSmupmJFV8Am9-o6jpnE4rvbDhnwD24E7Auv9EFq-FA8qo_G5WdohUtU2mvPrZtQBVLoTZrL1JlWyg.fqJRkiAhlPfM0GLIvThhqPJULb4hEfPNlM9RdCYFG-BBfjkAtdk-PdhvPBeshlCKrgmnRSHPsH4nLnfIAcqU7g
https://doi.org/10.1007/s11250-020-02551-9
https://doi.org/10.1007/s11250-020-02551-9
https://doi.org/
https://doi.org/
https://pubmed.ncbi.nlm.nih.gov/?term=Venegas+P&cauthor_id=25014096
https://pubmed.ncbi.nlm.nih.gov/25014096/#affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Guerediaga+J&cauthor_id=25014096
https://pubmed.ncbi.nlm.nih.gov/25014096/#affiliation-3
https://pubmed.ncbi.nlm.nih.gov/?term=Vega+L&cauthor_id=25014096
https://pubmed.ncbi.nlm.nih.gov/25014096/#affiliation-4
https://pubmed.ncbi.nlm.nih.gov/?term=Molleda+J&cauthor_id=25014096
https://pubmed.ncbi.nlm.nih.gov/25014096/#affiliation-5
https://pubmed.ncbi.nlm.nih.gov/?term=Bulnes+FG&cauthor_id=25014096
https://pubmed.ncbi.nlm.nih.gov/25014096/#affiliation-6
https://doi.org/
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.3390%2Fs140712305?_sg%5B0%5D=dVotsV1l9dN1E2nmONkZ3qzyfOip_jHXnCkKUuR4VDi_LAZ2SFThnVGDmkFUvtd9u4YQp3obmnEA3it2gMTOcUPu5Q.H5rR_xUHR5XGII-5FaMjxOvDirgUamB72rrItqpopXc5hSJ8cEyMV7U5DAMPc8Rrj1E42pfG6Zd-XtsO8zFYLw
https://doi.org/
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.infrared.2008.11.003?_sg%5B0%5D=T9EWBorLY9lQkzcUmrZG9zUUIkSCgroZXGDqSJrJunJZzmMkPElWwjvJ_vGBjqozqIKW3xWzgg1zH769RQSKwClWEg.u866BmcUlj1BJaD1Lw3sRGpGhmHje5bW6UuPpq_dFt-VbCQPqUN3dMiixqLR1Y142U0pbYQLHFUyQlLQNf90fA
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.infrared.2008.11.003?_sg%5B0%5D=T9EWBorLY9lQkzcUmrZG9zUUIkSCgroZXGDqSJrJunJZzmMkPElWwjvJ_vGBjqozqIKW3xWzgg1zH769RQSKwClWEg.u866BmcUlj1BJaD1Lw3sRGpGhmHje5bW6UuPpq_dFt-VbCQPqUN3dMiixqLR1Y142U0pbYQLHFUyQlLQNf90fA
https://pubmed.ncbi.nlm.nih.gov/33182281/
https://pubmed.ncbi.nlm.nih.gov/33182281/
https://doi.org/
https://pubmed.ncbi.nlm.nih.gov/?term=Yadav+SK&cauthor_id=31514922
https://pubmed.ncbi.nlm.nih.gov/31514922/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Singh+P&cauthor_id=31514922
https://pubmed.ncbi.nlm.nih.gov/31514922/#affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Kumar+P&cauthor_id=31514922
https://pubmed.ncbi.nlm.nih.gov/31514922/#affiliation-3
https://pubmed.ncbi.nlm.nih.gov/?term=Singh+SV&cauthor_id=31514922
https://pubmed.ncbi.nlm.nih.gov/31514922/#affiliation-4
https://pubmed.ncbi.nlm.nih.gov/?term=Singh+A&cauthor_id=31514922
https://pubmed.ncbi.nlm.nih.gov/31514922/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Kumar+S&cauthor_id=31514922
https://doi.org/10.1016/

