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INTRODUCTION
Thermography is a non-invasive diagnostic imaging tech-
nique used to detect variations in body surface temperature 
by measuring emitted infrared radiation (1). Over the past 
few years, diagnostic thermography has provided the clini-
cian with accurate, non-invasive and reliable means of evalu-
ating equine musculoskeletal disorders and the early diagno-
sis of suspect severe orthopedic injuries (2).

Research using thermography in horses has mainly fo-
cused on laminitis, navicular syndrome, arthritis, tendini-
tis and back pain problems associated with thoracolumbar 
lesions (3-6). Using thermography in all these orthopedic 
problems is based on blood flow alterations resulting in sur-
face heat emitted from injured tissue (7).

Recently there have been much research concerning mea-
surements of corneal temperature as an index of core body 
temperature, such as being used in the diagnosis of bovine 
viral diarrhea (8), bovine respiratory disease (9), and stress 

measurements (10). Johnson et al. identified that thermog-
raphy could be used to determine fever in ponies (11). Other 
researches focused on detecting skin surface temperature to 
predict pregnancy (12) and adaptation to environmental con-
ditions (13).

However, there is a dearth in the literature concerning 
breed, coat color and rearing purpose to evaluate the regional 
temperatures of extremities, and corneal temperature. The 
purpose of the study reported here was to detect corneal 
and the extremity region temperature alterations in healthy 
horses for different breed, coat color and rearing purpose.

MATERIALS AND METHODS
Twenty five healthy horses ranging in age from 3 to 21 years 
old (19 Arabian, 6 Thoroughbred; 6 female and 19 male; 
11 chestnut, 6 bay, 8 gray; 6 stallion, 19 sporting) were 
used in this study. The horses were admitted to the Turkish 
Jockey Club Sanliurfa Racecourse hospital, during the pe-
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riod February 2011 to March 2011. The experimental proto-
col was approved by the Atatürk University Health Science 
Institution. After the physical examination of eyes, fore- and 
hindlimbs, horses that did not have ocular clinical signs and 
lameness or musculoskeletal injury were housed in indoor 
12x12 foot, stalls.

To minimize interferences of light, air flow and to adapt 
the horses to the similar conditions, thermographic exami-
nation were carried out in a room without direct sunlight. 
Relative humidity and ambient temperatures were recorded 
before each horse was accepted to the examination room and 
these values entered into the camera calibration. After hors-
es had rested 15 min in the room, the thermal camera (IR 
FlexCam S, Infrared Solutions Inc., Plymouth, MN, USA) 
was placed at a 1 meter distance from the examined region.

Thermographic extremity examinations included fore- 
and hindlimb fetlocks (dorsal, lateral and medial views), 
right and left carpus/tarsus (dorsal, lateral, palmar and medial 
views), right and left metacarpus/tarsus (dorsal, lateral and 
medial views), right and left flexor tendons (palmar/plantar 
views), right and left coronary bands (dorsal views), right and 
left navicular bones (lateral and medial views), right and left 
heel bulbs. All corneal temperatures were measured from the 
center of the right and left cornea (Figure 1).

STATISTICS
All data in the study was evaluated using Statistical Analysis 
System (SAS Institute Inc., Cary, NC, USA). Prior to as-
sessment of temperatures (cornea and different parts of ex-

tremity regions), horses were divided into subgroups accord-
ing to breed, coat color and rearing purpose. The differences 
between these groups were evaluated by using the Student’s 
t-test. For multiple comparisons, Tukey-Kramer adjustment 
was used. In all measurements, statistical significance was set 
at p <0.05. Data were presented as mean ± SE.

RESULTS
There was no difference in corneal temperatures due to breed, 
skin coat color and rearing purpose; the mean corneal tem-
perature was 32.58±0.13 °C. Skin surface temperature var-
ied by the extremity region. The highest temperature was 
measured in the heel bulb (32.18±0.38 °C), followed by the 
coronary corium (31.18±0.28 °C). In other regions including 
carpal, metacarpal, flexor tendon, fetlock, sesamoid bone, tar-

Table 1: Effects of coat color on corneal, coronary corium and bulb of heels temperature

Parameter

Chestnut
Horses
(n=11)

Bay
Horses
(n=6)

Gray
Horses
(n=8) P

Mean±SE Range Mean±SE Range Mean±SE Range

Right cornea 32.71
±0.08 32.30-33.10 32.57

±0.14 32.00-33.00 32.35
±0.36 30.50-33.80 0.479

Left cornea 32.52
±0.09 32.10-32.90 32.70

±0.10 32.40-33.00 32.64
±0.24 31.40-33.80 0.706

Forelimb right coronary corium 32.09
±0.18 31.10-33.00 32.20

±0.49 30.80-34.10 30.79
±0.51 28.90-32.70 0.026

Forelimb left coronary corium 32.17
±0.31 30.60-34.30 32.13

±0.29 31.30-32.90 31.04
±0.39 29.80-32.60 0.046

Forelimb right bulb of heels 32.07
±0.41 29.00-34.00 32.73

±0.64 29.70-33.90 31.90
±0.62 29.30-34.00 0.585

Forelimb right bulb of heels 32.18
±0.48 28.20-34.70 32.67

±0.44 30.50-33.30 31.81
±0.48 30.10-34.20 0.546

Figure 1
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sal, and metatarsal temperatures ranged from 23.62 to 29.31 
°C. All measurements were made on forelimbs, anterior 
parts, and medial parts were 1 °C greater than those made 
in hind limbs, posterior parts, and lateral parts, respectively. 
There were no breed differences in extremity regions’ skin 
surface temperatures. Forelimb coronary corium tempera-
ture in gray horses (30.79±0.51 °C) was lower than that for 
bay (32.20±0.49 °C) and chestnut (32.09±0.18 °C) horses. 
Effects of coat color on corneal, coronary corium and bulb of 
heels temperature were shown in Table 1. Hind coronary co-
rium temperature did not differ by skin coat color. Sporting 
horses had 1-2 °C higher coronary corium, heel bulb, meta-
carpal, sesamoid bone temperatures than stallions. Effects 
of rearing purpose on corneal, coronary corium and bulb of 
heels temperature were shown in Table 2.

DISCUSSION
The major advantages of using thermography in equine 
medicine are detection of lameness and help preventing se-
rious injuries. When thermography is used in the diagnosis 
of orthopedic problems, generally, comparisons between the 
symmetrical limbs are used, because thermographically de-
termined surface temperature patterns in horses have a high 
degree of bilateral symmetry between the thoracic limbs dis-
tal to carpus and the pelvic limbs distal to the tarsus (14-
15). Comparison of symmetric regions is able to give clues 
about the existence of inflammation and in this way help the 
clinician make an accurate diagnosis. However, in bilateral 
orthopedic problems, thermographic examinations for the 
evaluation of inflammation may lead to false results. For this 

purpose, in thermographic applications, determining refer-
ence values for extremities may provide a signficant advan-
tage to the clinician for diagnosis of orthopedic condtions 
and the detection of inflammation.

It is apparent that many of the lameness conditions in 
horses occur distal to the carpus and tarsus. When evaluating 
lameness with the thermographic examination, it is obvious 
that the fore- and hindlimb should be examined from two 
directions and if there is suspicion such as hot spot it should 
be checked at least from four directions approximately 90° 
apart (1, 6). In this study, the thermal images of fore- and 
hindlimbs conducted from four directions which is in the 
more accurate examination.

Measuring corneal temperatures to detect body core tem-
perature provided some advantages, such as protection of 
the clinician from injury and gave an alternative method to 
time-consuming procedures for detection of the body tem-
perature by rectal thermometer (16). Johnson et al. found that 
mean eye temperatures of horses was 38.2 °C. However, in 
the current study measured mean corneal temperature was 
32.6 °C. This discrepancy is probably due to measurements 
of different parts of the eye. Johnson et al. measured the eye 
temperatures from the caruncula lacrimalis the region which 
is rich in blood vessels, however in our study we measured 
from the center of the cornea.

When evaluating the horses by using infrared thermal 
camera, it may be beneficial to consider not only external 
factors (ambient temperature, acclimatization, light and 
air flow), but also patient-related factors (breed, coat color 
and rearing purpose). Jodkowska and Dudek identified that 

Table 2: Effects of rearing purpose on corneal, coronary corium and bulb of heels temperature

Parameter
Sport Horses

(n=19)
Stallions

(n=6) P
Mean±SE Range Mean±SE Range

Right cornea 32.63
±0.15 30.50-33.80 32.33

±0.15 31.90-33.00 0.314

Left cornea 32.61
±0.11 31.40-33.80 32.57

±0.14 32.20-33.10 0.836

Forelimb right coronary corium 32.00
±0.26 29.20-34.10 30.75

±0.41 28.90-31.80 0.023

Forelimb left coronary corium 32.07
±0.24 29.80-34.30 30.95

±0.32 29.90-32.30 0.024

Forelimb right bulb of heels 32.57
±0.29 29.70-34.00 30.93

±0.66 29.00-32.60 0.016

Forelimb right bulb of heels 32.59
±0.24 30.50-34.70 30.87

±0.69 28.20-33.10 0.005
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training caused a significant increase of body surface tem-
perature, higher in mares than in the stallions. The increase 
of forelimb temperatures was higher than in hindlimbs after 
training sessions (18). In this research, we found that there 
were no breed differences in extremity regions’ skin surface 
temperatures. However, sporting horses had about 1-2 °C 
higher coronary corium, heel bulb, metacarpal, sesamoid 
bone temperatures than stallions which had similar results 
to those of Jodkowska and Dudek (18).

Although thermography should be performed when the 
hair is short and uniform (1), there is no information concern-
ing the coat color effect on the thermographic temperatures. 
Lustick 1971, and Maloney et al. have generally accepted that 
dark coats absorb more solar radiation than light coats which 
can have an effect on the body temperature (19, 20).

In this study, contrary to expectations there were not any 
temperature differences between coat color and extremity 
regions, except for forelimb coronary corium. Forelimb cor-
onary corium temperature in gray horses (30.79±0.51 °C) 
was lower than that for bay (32.20±0.49 °C) and chestnut 
(32.09±0.18 °C) horses. This discrepancy could be related to 
the increased blood flow or interference in thermal conduc-
tance by hair or other internal and external factors (6).

In conclusion, when evaluating the temperatures of ex-
tremities, rearing purpose and coat color of animals should 
be considered before establishing the study plan of an ex-
periment. Moreover, we suggest that further research should 
be focused on how the coat color and rearing purpose effect 
body temperature.
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