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ARTICLE INFORMATION: Abstract:

Gelis / Received: The use of infrared thermography to compare different surface temperatures is increasing. Therefore, our study aimed to
26.10.2023 compare the surface temperatures of distal extremities in healthy horses. In 6 healthy thoroughbred horses, temperature
Revizyon/Revised: measurements were made by thermography on four surfaces (cranial, medial, lateral and caudal) of the metacarpo/
22.11.2023 metatarsophalangeal joint and hooves. When the findings obtained were analyzed statistically no difference was found in joint
Kabul / Accepted: and hoof surfaces. However, when the extremities were analyzed individually, the medial surface of the right hindlimbs was
05.12.2023 significantly higher than the caudal surface for articular surfaces. Although the cranial and lateral surfaces of the joint were not
s different from each other in the left hindlimbs, these two surfaces were significantly higher than the caudal surface. As a result,

since the study was performed in healthy horses, it was thought that the significant increases between the surfaces were due to
¢ 0000-0002-3321-8116

the inability to distribute the load evenly in the resting state. Since lesions may develop at these points over time, we suggest
® 0000-0002-5796-5298

that thermographic scanning will contribute to the organization of horses' training programs.
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Saglikh atlarda distal ekstremitelerin termografik degerlendirmesi

Ozet:

Farkh yiizey sicakliklarini karsilagtirmak igin kizilotesi termografi kullanimi giderek artmaktadir. Bu nedenle, galismamizda saglikh
atlarda distal ekstremitelerin yizey sicakliklarinin karsilagtiriimasi amaglanmistir.  Saghkli 6 safkan atta, metakarpo/
metatarsofalangeal eklem ve toynaklarin dért ylizeyinde (kranial, medial, lateral ve kaudal) termografi ile sicaklik 6lgtimleri yapildi.
Elde edilen bulgular istatistiksel olarak analiz edildiginde, eklem ve toynak ylzeylerinde herhangi bir fark bulunmamistir. Ancak,
ekstremiteler ayri ayri analiz edildiginde, eklem yiizeyleri igin sag arka bacaklarin medial ytizeyinin sicaklig kaudal ylizeyden 6nemli
olglide daha yiksekti. Sol arka bacaklarda eklemin kranial ve lateral ylzeyleri birbirinden farkli olmamasina ragmen, bu iki ylzeyin
sicakhgr kaudal yuzeyden 6nemli 6lglide daha ylksekti. Sonug olarak ¢alisma saglikh atlarda yapildigi icin yizeyler arasindaki
anlamli sicaklik artislarinin dinlenme durumunda yikiin esit dagilamamasindan kaynaklandigi disiintiimistir. Zaman igerisinde bu
noktalarda lezyonlar gelisebileceginden, termografik taramanin atlarin egitim programlarinin diizenlenmesine katki saglayacagini
distinmekteyiz.
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Introduction

Applications of infrared thermography
medicine are increasing due to its non-contact nature

in veterinary

and the rapid acquisition of real-time images (Salles et al.,
2016). In addition to studies measuring different types of
surface temperatures (Kotrba et al., 2007), thermography has
also been used successfully in experiments, as it allows even
tiny changes in surface temperatures to be seen (Bowers et
al.,, 2009). The skin surface is reported to be an efficient
radiator and suitable for detecting infrared emissions and
distribution  (Purohit 1985).
Temperature patterns were observed by measuring different
body parts (Montanholi et al., 2008).

determining their et al,

Thermography is more accepted for diagnostic imaging of
horses because it directly reflects surface temperature. Hot
spots in these areas are related to increased metabolic activity
in altered local blood circulation (Ring, 1990). Cold spots may
be due to thrombosis, infarction, or decreased tissue
perfusion (Eddy et al., 2001). Delahanty and Georgi (1965)
were the first to use thermal imaging in horses and suggested
that this method should be evaluated in conjunction with a
number of factors. In clinical use, it has been reported that a
high degree of symmetry is required for parts distal to the
carpal and tarsal joints in horses (Purohit and McCoy, 1980). It
has also been reported that thermographic evaluation of the
distal parts of the extremities is complicated by the role of
(Mogg and Pollitt, 1992).

studies surface

enhanced thermoregulation

However, there are few investigating
temperatures in healthy animals for the use of clinicians, and
these studies are conducted on diseased tissues. Therefore, as
a pilot study, our study aimed to compare distal extremity
temperatures and different anatomical surfaces in healthy

Thoroughbred horses.
Material and Methods
Animals and Measurements

This research study was carried out on six male thoroughbred
horses aged 5-8 years on a private horse farm. The horses
were confirmed to be healthy by veterinary examination
(absence of inflammatory conditions causing temperature
changes confirmed by clinical examination). Before the
thermographic examination, the horses were kept quietly in
their box for 20 minutes to avoid stress (Jerem et al., 2019). At
the end of the period, the temperatures of the four surfaces
of the metacarpophalangeal joint and the four surfaces of the
nail were measured in the forelimbs, respectively. The same

measurements were made on the hind limbs.
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Surface temperatures were measured with a thermography

device (FLIR-E6390, Systems, Inc., Sweden). The emissivity
value was set to 0.97 €s, as stated in the literature (Rizzo et al.,
2017). The distance between the horse and the camera was set
to an average of 2 m to capture thermal images from the
specified areas. Room temperature was maintained at 21°C for
all procedures. The same thermography device was used for all

imaging to reduce user error variability.
Statistical analysis

The sample size was not calculated for this study, as it was
designed as a pilot study. The normality of the data was
assessed using the Kolmogorov-Smirnov test, while the
homogeneity of variances was evaluated through Levene's
test. To ascertain disparities in measurement locations, a one-
way analysis of variance (ANOVA) was employed. The results
were expressed as means accompanied by their respective
standard deviations, and the data analysis was executed
utilizing SPSS 17.0 software (SPSS Inc., Chicago, IL, USA). The
statistical analyses were conducted with a significance level set

at p <0.05.
Results

Regarding thermographic data, different surfaces of both the
metacarpo/metatarsophalangeal joint and the hoof were
compared within themselves. The thermographic points
compared are shown in Figure 1. The temperatures (raw data)

taken from the thermographic points are given in Table 1.

There was no significant difference between the temperatures
measured on the cranial surfaces of the joints. Similarly, no
significant difference was found when the joints' caudal,
medial and lateral surface temperatures were analyzed. The
same analyses were performed for the hoof, but there was no
statistically significant difference when surface temperatures

were evaluated (Table 2).

When the surfaces (cranial, caudal, medial, and lateral) in one
joint of each horse were compared with each other, no
significant differences were found in the right and left of the
forelimb, while the medial surface temperatures were
significantly higher than the caudal surface temperatures in the
right hindlimb. Although the temperatures on the cranial and
lateral surfaces were not different in the left hindlimb, these
temperatures were significantly higher than the caudal surface

temperatures (Table 3).

When the surfaces (cranial, caudal, medial, and lateral) of each
horse's hoof were compared, no significant difference was

found between the surface temperatures.
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Table 2. Temperatures measured on the hoof surfaces of the forelimbs and

Table 1. Raw data from extremity surfaces.

hindlimbs.
‘ Forelimb-  Forelimb- Hindlimb- Hindlimb- |
. . s s Hoo P value
Forelimb- Forelimb- Hindlimb- Hindlimb- . .
i i Right Left Right Left
Animal Location  Surface Right Left Right Left g g
Cranial 23,15+4,66 19,52+5,91 23,47+6,09 25,63+1,70 0,222
. Joint cranial 18,6 19,6 208 233 Medial ~ 22,87+3,88 22,30+6,60 26,43%2,08 28,28:151 0,054
1 medial 21,7 18,5 23,7 20,9
1 lateral 21,1 22,7 20 22,9 Lateral 23,7245,63 21,73%6,02 27,31+2,02 27,15+2,35 0,108
1 cudal 18,5 17,9 16,7 1591 Caudal  21,435,86 20,48+6,81 23,6745,15 27,72+3,54 0,136
1 Hoof cranial 25,4 16,7 28,6 25,2
1 medial 25,8 29,2 29 28,6 P value 0,881 0,872 0,315 0,290
1 lateral 29,3 27,6 27 26,6
1 caudal 20,3 19,91 19,8 23,4 Table 3. Temperatures measured at the Metacarpo/Metatarso Phalangeal joint
2 Joint cranial 19,2 18,5 20,1 19,1 surfaces of the forelimbs and hindlimbs.
2 medial 19,9 21,1 23,3 20,9 Metacarpo/
2 lateral 21,2 20 20,8 19,5 Metatarso Forelimb-  Forelimb-  Hindlimb-  Hindlimb-
P value
2 cudal 16,2 15,4 16,4 14,9 Phalangeal Right Left Right Left
2 Hoof cranial 25,5 16,9 28,2 25 .
Joint
2 medial 25,4 19,9 24,3 26,5
Cranial 17,984+3,07 18,60+3,95 19,83%4,23 23,25+2,37 0,071
2 lateral 26,1 19,1 24,2 25,3
2 caudal 20,4 19,3 19,6 23,7 Medial 20,38+4,04 19,05+3,79 23,25+1,75 22,35+2,17 0,114
3 Joint cranial 22,7 o2 5t 73 Lateral  20,12+4,63 20,634,74 21,62+2,46 23,23+2,09 0,492
3 medial 26,8 25,4 26,3 26,5
3 lateral 27,3 27,6 26,2 24,6 Caudal 17,85+3,74 17,33%3,37 17,28+3,44 19,06+2,43 0,766
3 cudal 24,4 23,1 24,1 22,5 P value 0,552 0,564 0,021 0,014
3 Hoof cranial 25,2 26,8 26 23,1
3 medial 24,4 25,5 24,8 26,4
3 lateral 23,6 25,9 26,6 24,4
3 caudal 28,8 31,7 32,2 30,6
4 Joint cranial 14,6 14 15 23
4 medial 16,1 15,4 23,1 22,7
4 lateral 15 15,4 20,1 24,9
4 cudal 14,5 14,4 14,9 19,1
4 Hoof cranial 17,3 14,7 15,7 26,1
4 medial 17,9 15 26,2 29,8
4 lateral 17 15,1 29,6 30
4 caudal 15,5 13,8 21,3 30,8
5 Joint cranial 18,2 22,3 22,3 25,2
5 medial 21,7 18,5 21,6 20,9
5 lateral 21,1 22,7 20 22,6
5 cudal 19 18,8 16,7 19,7
5 Hoof cranial 28,2 27,3 26,6 28,3
5 medial 25,8 29,2 29 28,6
5 lateral 29,3 27,6 27 26,6
5 caudal 28,1 24,4 27,8 27
6 Joint cranial 14,6 14 15 23
6 medial 16,1 15,4 21,5 22,2
6 lateral 15 15,4 22,6 24,9 Figure 1. Anatomical surfaces with thermographic temperature measurements.
6 caudal 145 14,4 14,9 19,1 A:Cranial surface of t.hn'a metacarpophalangeal joint, B;Cranial surface of Fhe
) metatarsophalangeal joint, C;Lateral surface of the metacarpophalangeal joint,
6 Hoof cranial 17,3 14,7 15,7 26,1 D;lateral surface of the metatarsophalangeal joint, E;Medial surface of the
6 medial 17,9 15 25,3 29,8 metacarpophalangeal joint, F;Medial surface of the metatarsophalangeal joint,
6 lateral 17 15,1 29,5 30 G;Caudal surface of the metacarpophalangeal joint, H;Caudal surface of the
metatarsophalangeal joint, J;Cranial surface of the forelimb hoof, K;Cranial
6 caudal 15,5 13,8 21,3 30,8 surface of the hindlimb hoof, L;Lateral surface of the forelimb hoof, M;Lateral

surface of the hindlimb hoof, N;Medial surface of the forelimb hoof, O;Medial
surface of the hindlimb hoof, P;Caudal surface of the forelimb hoof, R;Caudal
surface of the hindlimb hoof.
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Discussion

The thermographic method, which precisely determines
that

responses to inflammatory disorders (Ciutacu et al., 2006),

temperature changes may indicate physiological
involves using a thermal camera to determine the surface
temperatures of a horse (Tattersall and Cadena 2010). Since it
is reported to be at least 10 times more sensitive than
palpation on clinical examination (Turner, 2001), it was
decided to use thermography in the pilot study presented.
However, few objective studies have been published on body
surface temperature as a baseline for clinicians (Head and
Dyson, 2001). Given the fact that the normal thermographic
pattern in healthy horses can be mapped to correspond to the
location of superficial vessels (Turner, 1991), this pilot study
aimed to visualize healthy distal extremities. For this purpose,
temperature measurements were taken from the four
surfaces of the metacarpo/metatarsophalangeal joint and the

hoof.

Since the distal parts are unstable at low ambient
temperatures due to the periodic cutaneous vasodilator effect
(Mogg and Pollitt, 1992), the ambient temperature was kept
at 21 oC. Among these measurements, symmetry between the
right and left limbs was also assessed. According to the
literature, there should be symmetry between the right and
left sides of the body for healthy animals (Palmer, 1983).
According to our study results, there was no significant
difference between the temperatures taken from the right
and left distal extremities. This finding was expected since
healthy animals were used in the study. On the contrary,
thermography can provide valuable findings in the diagnosis
of pathological conditions related to various inflammatory
disorders. In the literature, it was reported that temperature
changes of up to 1°C in the compared regions were
insignificant (Kold and Chappell, 1998) and that a difference of
more than 12C in more than 25% of the measurement points
in distal extremity temperatures should be considered
abnormal (Turner, 1991). Although there was a difference of
more than 12C in more than 25% of the surfaces measured in
our study, it was not statistically significant. However, studies
with a larger number of horses are needed to confirm this
finding. Since our study is a pilot study, it provides information

that will guide future studies.

It has been reported that the warmest surfaces in the
extremities are on the medial, lateral and caudal surfaces

(Vaden et al., 1980) due to the digital arteries. In the present
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study, we did not find a significant difference between the

surfaces for the hoof, but we found differences in the
hindlimbs at the metacarpo/metatarsophalangeal joint. We
found that the medial surface was significantly higher than the
caudal surface in the right hindlimbs. The same was true for
the left hindlimbs,

accompanied by the lateral surface. Since the horses used in

but here, the cranial surface was
the study were healthy, it was thought that these significant
differences between surface temperatures could be due to the
fact that carrying more weight at rest may cause a
temperature increase (Soroko et al., 2014) over a long period

of time.

In conclusion, thermographic screening before any clinical
signs such as lameness appear can be of great benefit as it can
detect hot and cold spots in the distal extremities. It should be
considered that the temperatures on different surfaces in our
study results may develop not only due to disease but also due
to uneven distribution of the load. This is because these spots
may develop different lesions after a long time. Regular
thermographic screening should be performed. Since the
points where temperature differences are determined are
more sensitive, especially for the prevention of injuries, it will
horses

be possible to organize training programs in

accordingly.
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