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This review of the use of thermographic technique in equines introduces the principles
upon which infrared radiation and thermoregulatory physiology are based and describes
the instrumentation used and its practical use. The advantage of this imaging technique is
that it is a noninvasive thermographic examination, both from an operational (the animal
and the operator) and health (no penetrating radiation is used) standpoint. Advantages
and disadvantages of this technique, equine applications, and physiological assessments
are discussed.

� 2014 Elsevier Inc. All rights reserved.
1. Introduction

Thermography can detect and measure infrared radia-
tion emitted spontaneously from any object that is at
a temperature above absolute zero (�273.16�C) [1].

The term “thermal imaging” refers to the graphic
representation of the electromagnetic radiation emitted by
a surface, which is then turned into a visible image (Fig. 1).

The thermal energy, or infrared radiation, consists of
electromagnetic waves whose length is too large to be
detected by the human eye. It is, in fact, that portion of the
electromagnetic spectrum that is normally perceived as
heat. In the world of infrared energy, all items with
a temperature above absolute zero emit heat; even objects
that have a very low temperature, such as ice cubes, emit
infrared radiation. The higher the temperature of the object
the smaller the wavelength infrared radiation [2,3].
, via G. Celoria, 10,

. All rights reserved.
The present review discusses the main applications of
infrared thermography in equines [4].

2. Principles

Heat is generated continuously by the body and is
dissipated through the surface in several ways: by radia-
tion, convection, conduction, and evaporation. In fact, the
surface temperature is generally a few degrees lower than
body temperature.

The superficial heating is influenced by local circulation
and tissue metabolism that is generally constant. Clearly,
areas with higher metabolism have a higher temperature
than areaswith less tissue activity. The surface temperature
changes are caused by changes in local perfusion. Usually
the veins are hotter than arteries, because draining the flow
from areas metabolically active and the venous drainage
from tissues or organs with a high metabolic rate have
a temperature higher than the venous drainage from areas
with a normal metabolism. The vascularity and its blood
supply are the bases of representation thermography; the
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Fig. 1. Thermographic image of the head of a horse.
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skin overlying muscles is subject to an increase in
temperature during muscular activity, and the pattern of
physiological thermographic area can be predicted
according to the structure of his system bloodstream.

Heat is also one of the main signs of inflammation, as
increased blood supply caused by inflammation leads to an
increase in temperature. Trauma or tissue lesions always
cause a change in the circulation, and thermography can
detect a “hot spot” that is associated with local inflamma-
tion, or injury in the repertoire can be a decrease in
temperature caused by venous thrombosis, a reactive
edema, a phenomena that shunts to divert blood flow,
infarction or damaged organ that behaves like the storage
of bloodwithout flowand then loses heat and is detected as
a point of lower temperature.

These lesions appear on the thermogram as heat losses
and are often surrounded by a alone of temperature
increases because of diversion of flow from the damaged
area to the adjacent areas. For the blood supply in a given
area, several considerations can be made, according to the
thermogram. Therefore, valuable information will be
provided so that the clinician can figure out a diagnosis or
at least make a physiological assessment (Fig. 1) [2,3,5,6].
3. Instrumentation

Imaging techniques are divided into two categories:
anatomical and physiological techniques. Thermography
belongs to the latter group because it is able to detect
metabolic activity, thus providing a dynamic, real-time
image of the object under examination. Thermal images
are obtained with infrared cameras.

The first instruments used specialized liquid crystals
that change size in contact with a heat source. Because
their ability to reflect light is affected by their structure, we
can evaluate the temperature according to the color that is
reflected by the different crystals. Currently, new cameras
are used with uncooled sensors and are portable, thereby
achieving significant practical advantages.

An infrared detector with a series of fires and scanner
measures the intensity of infrared radiation; this signal is
then converted into electrical form by a cathode which
produces a gray scale image of the object under examina-
tion. The intensity of infrared radiation is converted into
gray level, and then, through the use of special software,
the thermographic image is processed and produced in
a false color scale [2,3,5].

4. Practical Use

To obtain reliable images, factors such as movement of
the subject matter, any extraneous radiation in the envi-
ronment, ambient temperature, and artifacts need to be
checked. For example, movement can be controlled by
physical constrains, but containment by drug should not be
used so that false thermographic patterns caused by the
sedative principle on the peripheral circulation are avoided.

To reduce the effects of radiant sources from other
objects, the thermographic examination should be per-
formed in areas sheltered from the sun; furthermore,
thermographic pictures should be taken in the absence of
airflow, as it might increase heat loss. It is also important
for the subject to take 15-20 min to acclimate to the envi-
ronment where thermography will take place.

Artifacts can be produced by any material on the body
surface, such as dirt, thick hair, scars, and bands. Finally, it is
advised that more than one thermographic image be ob-
tained from different sides and different angles.

5. Advantages and Limitations

Thermography is defined as a noninvasive imaging
method, because it does not imply any surgical access to the
body of the patient; furthermore, it cannot cause any
damage to either the patient or the operator. Thermo-
graphic examination does not use any penetrating radia-
tion, as in radiography or computed tomography, and the
anatomical part that is examined does not receive ultra-
sound waves, like in ultrasonography, and is not placed in
an electromagnetic field as in magnetic resonance imaging;
finally, thermography does not use any radioactive
substances, as in scintigraphy. Given this, thermography is
certainly the least invasive for both the patient and the
operator among all diagnostic imaging techniques.

Thermography can be considered a physiological
method, because it provides a real-time evaluation of
changes over time, creating a dynamic image of the object:
this characteristic represents a considerable advantage
over other imaging techniques that offer only static repre-
sentations, such as radiography, tomography, and magnetic
resonance imaging. It can detect surface temperature in
a much more objective and sensitive way than clinical
palpation. Thermography appears to be a highly sensitive
technique as it detects the radiation emitted by the object,
turning it into a temperature rating, and for the physical
laws on emission of heat, even for small changes in
temperature, there are large variations in energy.

Another key advantage of this technique is its ability to
be used as a preventive method in the sense that it can
highlight variations that do not yet lead to clinical signs.
Detection of temperature changes in a clinically healthy
subject is a helpful tool to estimate the possible develop-
ment of future disease and can give early warning signals,
allowing the health provider to make decisions about the
animal’s sports program or management. It is also a useful
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method to monitor the response to therapy without
interfering with the treatment.

Thermography has some limitations, as well: first, good
quality thermocameras can be very expensive, and main-
tenance of the camera can be expensive, too; second, even
if thermography can locate the pathological area and is able
to provide information about the physiological and path-
ophysiological status, allowing considerable diagnostic
support, still the technique cannot replace other diagnostic
procedures; furthermore, it is unable to provide informa-
tion about the origin or cause of the disease. In this
perspective, thermography alone is not helpful in the
formulation of an appropriate therapy [3,7].
6. Examples of Applications in Equines

There are at least three ways in which thermography
can be used in equine veterinary practice.

The first is the use of thermography as a tool to improve
the physiological assessment of the horse. Thermocameras
are more sensitive than the hands of the veterinarian in
detecting temperature differences; thermography can help
identify the presence of asymmetries and can spot changes
in temperature and point out “suspect anatomical areas.”
However, the veterinarian must then interpret the infor-
mation obtained with thermography to investigate the
cause of the temperature variation [1,8,9]. The second way
is the use of thermography as a diagnostic tool.

In this case, the technique is used as a diagnostic
imaging tool, where both increases and decreases in
temperature have their significance. The thermogram
identifies an area of interest where other diagnostic tech-
niques, like ultrasonography or radiography, can be used to
complete the analytical framework [10] (Fig. 2).

The third method of using this technique is in the
evaluation program of animal welfare, because variation in
skin temperature caused by peripheral vasoconstriction is
dependent on the physiological and emotional state of the
animal [11-13].

Further uses of thermography include monitoring of
other clinical procedures, such as the use of certain drugs,
shock therapy, and evaluation of fracture casting; finally,
thermography can also be used in antidoping programs
[14,15] (Fig. 2).
Fig. 2. Thermographic image of the limbs of a horse.
7. Physiological Assessments

The mechanical activity of striated muscle includes
isotonic contraction and isometric tension; voluntary
muscle movements that occur under physiological condi-
tions in a body can take any intermediate characteristics
between these two conditions: the antigravity muscles that
keep the posture develop mainly isometric contractions,
whereas the muscle movements for locomotion are con-
tracting under isotonic conditions.

Several chemical reactions take place in the muscle,
most of which are exothermic (or exoergic), and by defi-
nition, produce heat that is dissipated outside: only 25% of
energy used by muscle is converted into mechanical
movement, the remaining 75% of energy is dissipated as
heat.

At rest, the basal metabolic activity produces a steady
share of heat, the so-called basal heat; when the muscle
becomes active, its heat output increases in proportion to
mechanical work, and even more if the contraction is
accompanied by shortening of the muscle (i.e., isotonic
conditions). The measure of heat produced by muscle may
therefore provide an assessment of chemical phenomena at
the basis of mechanics.

The heat produced during a single contraction is called
“heat activation,” whereas in a state of isometric tension,
the instant production of heat is constant and total
production increases linearly; this is called “heat retention”
and is believed to be the amount of heat of activation of
individual contractions. Its increase is a function of time
and effort of muscle contraction.

The “heat of relaxation” is degraded into heat energy
when the stimulus of mechanical activity ceases and the
muscle is released. Not to be confused with the “heat of
maintenance” following the return to the resetting state of
themuscle, this heat is the result of processes that bring the
muscle to its starting conditions: ion pumps, ATP regener-
ation, and restoration of concentration gradients of various
substrates.

Exercise is accompanied by a massive heat production,
almost 75% of energy used by the locomotor apparatus is
dissipated as heat. The horse maintains its body tempera-
ture within the physiological range (37�C-40�C) by using
thermoregulatory mechanisms that include thermoregu-
latory heat dissipation through convection as a mean of
using the air surrounding the body and evaporation of
sweat that is exploiting the ability to lower the surface
temperature. Thermoregulation plays a key role during
exercise, where the heat production increases in proportion
to the intensity of physical effort.

A 2006 study [16] showed how exercise affects the
surface temperatures of thoracic and pelvic limbs in horses.

They used 6 horses (4 geldings and 2 females) between
the ages of 7 and 12 years old and weighing between 463
and 542 kg. These subjects showed no clinical signs of
lameness or injury to the skeletal muscles and were trained
working on the treadmill. The procedure of the study
provided for obtaining a thermographic scan 3 days before
the trial to get a basal image. The work was performed on
the treadmill at three speeds according to the following
protocol: 5 min per step; 5 min to “small trot,” that is at



V. Redaelli et al. / Journal of Equine Veterinary Science 34 (2014) 345–350348
3 m/sec; 5 min trotting at 6 m/sec; 5 min at a gallop (8 m/
sec); then climbing for 3 min at a trot, 3 min to “small trot,”
and 3 min per step. The training program was carried out
twice a week, and each horse was tested in six trials.

The thermal images were recorded before the beginning
of the session. A scan was performed just after the training
protocol and then at 5, 15, 45, and 60 min and 6 hours after
completion of the training. The anatomical regions that
were scanned with the thermocamera were the shoulder,
the chest, the arm, the lumbar region, the buttocks, the leg,
and the metacarpal and metatarsal regions.

All horses showed symmetrical bilateral variations
during the scan, based on inspection carried out before the
beginning of training [17].

The temperature of the muscle regions of all the horses
at 5 and 15 min after the end of the training was particu-
larly high, as were themetacarpal andmetatarsal regions of
all the horses in the study. The muscles increased their
temperature by 6�C at time zero (training just completed),
whereas the metacarpal and metatarsal regions showed an
increase of 8�C at time zero, and even 45 min after the trial,
they remained slightly warmer than the basal temperature.
Scans run 45 min after the end of the exercise did not show
any major temperature differences compared to the first
image (time zero). Sixty minutes after the end of the
exercise, there were no differences with the scanning
control in any region.

This study shows that in all the anatomical regions there
are significant temperature difference during the first 15
min after the exercise, whereas as early as 45 min after the
exercise, there are no differences with scans run before the
exercise start. It also shows that the area that includes the
dorsal muscles returns more quickly to the basal temper-
ature than the metacarpal and metatarsal regions; this is
probably due to the greater surface through which the heat
dissipation occurs.

The results of this study are important for the clinical
practice of thermography, because it shows that thermo-
graphic scanning performed 45 min after exercise is not
influenced by the mechanism of thermoregulation and
thus can provide data without any risk of false positives.

8. Training in Hot Climates

The temperature control system acts through the
autonomic nervous system, and the heart and the hypo-
thalamus coordinate the response to increasing tempera-
ture during exercise. The heat produced by muscle activity
is distributed throughout the body via the blood supply to
themuscle and by venous circulation reaches the heart. The
first mechanism that responds to the temperature increase
is a higher cardiac output flow that is directed to the
cutaneous circulation, so the blood can give up heat by
convection through the skin surface.

There are certain conditions under which the temper-
ature control system fails to balance the heat loss with the
heat produced from a muscle. Thermography has shown
that hyperthermia can occur when the horse is subjected to
a training level that is too intense compared to its physical
condition, or when the animal is not in physical condition
to bear physical activity (e.g., in a state of severe
dehydration) or when the training is done in an environ-
ment that is particularly wet and hot.

Under the latter condition, the cardiovascular response
is no longer sufficient to balance the heat loss through the
skin surface, and the muscles continue to produce heat
which is spread throughout the body via the bloodstream
and is directed toward subcutaneous capillary beds in an
attempt to disperse the heat and then reduce the temper-
ature, but the process of convection is slowed down when
the air flow over the skin has a temperature that is too high
(32�C-34�C) and then the heat builds up. The gradient
convection between environment and skin surface may
reach levels that are reversed, that is, the skin temperature
is lower than that of the environment, and in this case, the
body takes heat from the outside thus increasing further
hyperthermia.

Another method of heat loss is evaporation. During
exercise, the temperature control system through the
autonomic nervous system comes to the sweat glands that
produce sweat to help heat dissipation. The skin surface in
contact with sweat releases heat to sweat itself, which
releases heat by evaporation to the surrounding air. The
percentage of relative humidity in the environment is
fundamental for this system of temperature control to
function through evaporation. It has been shown that
a high relative humidity (RH ¼ 80%-85%) reduces the
evaporation of sweat to a level where it dissipated only 5%
of the heat through evaporation.

The second part of the study showed how a training
program developed in a time of 2 or 3 months may induce
a series of physiological adaptations to which the subject
acquires the ability to thermoregulate in a hot and humid
climate. These adjustments include an expansion of plasma
volume by 10%-25% in the first week, allowing the horse to
reduce its heart rate while maintaining a constant rate.
Another adaptive mechanism is the increase of sweat.

Thermography is useful both to evaluate the heat loss
during exercise and to check the limit of hyperthermia
under particular training conditions [18].

9. Postexercise Cooling

In a 1998 study [19], thermography was used to assess
changes in surface temperature after the application of cold
water (6�C) on individuals who had sustained a workout in
a hot and humid climate (30�C, RH ¼ 84%).

The exercise protocol included 10 min at a step of 1.7 m/
sec, 3 min trotting at 3.7 m/sec, 4 min at a gallop to 8 m/sec,
and 4min galloping at 10 m/sec on the treadmill inclined at
5� angle without the use of the fan in order to avoid any
interference with the heating surface (Fig. 3). At the end of
the last period of galloping, the horse was stopped, and the
step was avoided because it would complicate the data
evaluation. At the end of trial, the horse was subjected to
the application of cold water at 6�C that was washed from
the neck to the back three times over a period of 10 seconds
and was repeated six times every 30 seconds; then the
horse received a total of 6 cycles each of 30 seconds of
water and 30 seconds of rest. The surface temperature of
the horse before exercise had a mean of 33.5�C. After the
first cooling cycle, the part irrigated bywater at 6�C showed



Fig. 3. Thermographic image of a horse during a treadmill session.

V. Redaelli et al. / Journal of Equine Veterinary Science 34 (2014) 345–350 349
an average temperature of 19.2�C, whereas the region of
the inner thigh that had not been reached by the flow of
water had a higher temperature. At 25 seconds after the
first cycle, the temperature returned to an average of 35�C.
At the end of the last application of water, the average was
19.2�C, but within 30 seconds after the water application,
a temperature of 22�C was registered. At 5 min after the
sixth cycle of cooling, the average temperaturewas 34�C, so
only 0.5�C above the initial value. It is necessary to under-
line the rapid increase in temperature after the first cycle,
which indicates that the application of water at 6�C did not
compromise the blood flow surface, whereas the data
collected after the fifth and sixth cycle show that the low
median water temperature produced a phenomenon of
peripheral vasoconstriction. With the help of thermog-
raphy, the study demonstrated that even after a cooling
protocol with the application of cold water (6�C), three
times at 30 seconds interval, the body surface temperature
returns to the same level as it was before the trail (Fig. 3).

10. Thermoregulation of Weaned Horses

A study in 2007 [20] assessed the ability of thermog-
raphy to monitor the temperature in the weaning of nine
horses kept outdoors in winter in the Nordic countries
(Kiuruvesi, Finland). The experiment was carried out
between December 2003 and February 2004, thermo-
graphic scans were made in different environmental
conditions: outdoor temperature ranged between 0�C and
�23�C, the thermographs were always taken at 10 AM, and
images were taken from a lateral view and from a distance
of 8 meters.

The heat loss by irradiation from the neck and trunk
does not change when the environmental conditions range
between 0�C and �9�C, but it increases if the temperature
drops to �16�C. The body loses less heat to �23�C than to
a temperature of �16�C, whereas the neck showed no
differences between these two conditions. The heat loss at
�23�C was greater than the heat loss at 0�C but similar to
that observed at �9�C.

The higher heat loss was recorded with an outdoor
(environmental) temperature of �16�C. This may mean
that the lower limit temperature of horses during weaning
is between �9�C and �16�C. The figure which expresses
a lower heat dissipation at �23�C must be interpreted
taking into account that the scan has detected a thin layer
of rime ice on the body surface of the subjects, is therefore
likely that this has reduced the surface temperature.

This study has shown that thermography is an excellent
method to evaluate the welfare conditions of horses kept
outdoors, in the paddocks.
11. Discussion and conclusions

In recent years, infrared thermography has proven
particularly useful both in the diagnostic field and in
physiological assessments, highlighting its characteristic
noninvasive technique. By many process applications in
this paper, thermography has increasingly gained an
important position in equine medicine and management.

Regarding the physiological assessments, thermography
has proven to be very useful in detecting temperature
variations of specific body parts of the horse in certain
physical and environmental conditions. The results ob-
tained from these studies can be used for the management
of the sporting horse: from exercise under specific envi-
ronmental conditions to the necessary care following
a training session. Furthermore, it has been shown that as
growing horses have a different thermoregulatory control
than adults, this result should be taken into account in the
management of the weaning period. As already mentioned,
within the techniques of diagnostic imaging, thermography
in particular has the advantage of being the least invasive.
The ability of thermography to detect the development of
inflammation has been demonstrated by several studies;
specifically, we have seen how this technique is able to
point out the onset of inflammation, especially when
related to the musculoskeletal apparatus, earlier than
clinical examination and other imaging techniques.
Another area in which this technique can be helpful is
neurology, where several research protocols are under
study to understand how thermography can be optimized
for the evaluation of neurological conditions.

In addition, the thermographic method was effective in
more specific applications such as searching for prohibited
substances and during equestrian competitions, or for the
early diagnosis of casting lesions and summer dermatitis.
Thermography is also useful in the pharmaceutical field as
a means of assessing the vasomotor effects caused by the
use of specific substances such as corticosteroids.

Thanks to its versatility, lack of invasiveness, and high
sensitivity, thermography has countless applications;
however, paradoxically, the major limit to the technique in
the veterinary field is its ease of use. In fact, a thermal
image of an animal in motion often shows abnormalities
that are not directly related to a physical problem or
dependent on various external causes, including environ-
mental and measurement conditions. It should also be
remembered that in biology, differences between subjects
due to individual variability are not negligible.

One of the aims of this work was to provide an overview
of the possible applications of thermography in equines.
We believe that the perspectives for quantitative applica-
tion are opened in the direction of the examples and not
only in research centers but in general veterinary and
management practice.
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