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ARTICLE INFO ABSTRACT

Keywords: Infrared thermography (IRT) has been used to assess the health of canines by measuring surface temperatures.

Dog However, little is known about the effect hair coat differences has on expected surface temperature in healthy

Hair cat canines under the influence of hair coat differences. The aim of this study was to identify the influence of coat

Infrared thermography characteristics in body surface temperature (BST) in canines (Canis lupus familiaris). To determine the changes in

Body surface temperature BST, an infrared thermal imaging camera (i.e. FLIR B400) was used. Thermal images of the left and right sides of
privately-owned dogs (n = 50) were acquired. Each animal acclimated in an indoor environment away from
direct sunlight (23 = 2.0°C) for 15min, and images were taken at a distance 0.67 + 0.24 m. Regions of in-
terest (ROIs) of mean surface temperatures were examined across the lateral surface of each animal. No sta-
tistical differences were detected based on laterality (P = 0.08). Mean BSTs were categorized by each dog's hair
coat type: short coat (SC), curly coat (CC), long coat (LC), and double coat (DC). These BSTs were then analyzed
using two-way analysis of variance, or ANOVA, (Shapiro-Wilk) and pairwise comparison. SC animals had the
highest BST (31.77 = 0.19°C; P < 0.001) whereas LC (28.14 + 0.31°C; P < 0.001) and DC animals
(28.25 = 0.23°C; P < 0.001) were lower in BST. CC animals portrayed intermediate BST (29.85 + 0.33°C;
P < 0.001). The Pearson correlation and one-way ANOVA between rectal temperature and BST and coat type
were not statistically significant (r = —0.24 and P = 0.07, respectively). Results indicate that short-haired dogs
exhibit a more drastic increase in BST (approximately 2 °C) in comparison to other dogs and this should be
considered in future clinical applications.

1. Introduction physiological responses of the body and its thermoregulatory status.

BST relies on the synergistic properties that arise from fluctuations in

The regulation of body temperature in homeotherms is ensured by
mechanisms of thermolysis and thermogenesis. Thermoregulatory ad-
justments can be induced not only by changes in environmental tem-
perature but also by a variety of physiological situations including age,
fasting, and food intake inducing changes in internal temperature
(Arfuso et al., 2016). Thermographic studies have shown an increase in
surface area with the consequential decrease in body size leads to a
reduction in thermoregulatory capabilities to dissipate heat which can
lead to heat gain (McNicholl et al., 2016). The evaluation of body
temperature represents a valuable tool to monitor the physiologic
status, welfare and the stress responses of animals (Refinetti and
Piccione, 2003; Piccione et al., 2012; Rizzo et al., 2017). In place of
more intrusive measurements of temperature, infrared thermography
(IRT) is an alternative, non-invasive method that allows for the detec-
tion of real-time changes in body surface temperature (BST) (Schaefer
et al., 2004). Immediate visualization of animal BST gives insight on the
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peripheral blood flow underneath the skin. It is also affected by the
interaction between the surface and external environment, such as the
thermal gradient produced from the thermal properties of the hair coat
(Turner, 2001; Soroko et al., 2017; Rizzo et al., 2017). Previous studies
have been performed in dogs (Grossbard et al., 2014; Biondi et al.,
2015; Pavelski et al., 2015). However, these studies were conducted
without comparing different coat characteristics. Unlike BST in hu-
mans, BST in canines is often not a direct measure of skin temperature
as hair acts as another layer of insulation (Zaproudina et al., 2008;
Vainionpaa et al., 2012).

Variables that effect BST can be categorized as environmental,
subject, or technology factors (Ferndndez-Cuevas et al., 2015). Limited
IRT references exist for BST measurement based in part on the range of
variables that come with using IRT (Greer et al., 2007). Therefore,
identification and standardization of these variables are imperative to
produce accurate thermal results (Rekant et al., 2016). Environmental
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variables (e.g. ambient temperature, relative humidity, and other ex-
ternal sources of radiation) have been tested in a few studies. In human
IRT, the ideal ambient temperature ranges from 18°C to 25°C; a
warmer ambient temperature range of 22-24°C is recommended for
extremities of the body (Ring and Ammer, 2000). Previous equine IRT
studies recommend ambient temperature ranges of less than 30°C
(Turner, 1991; Eddy et al., 2001; Autio et al., 2006). Not accounting for
environmental factors that might affect BST can lead to the mis-
interpretation of that normal BST range, decreasing the utility of
thermal imaging in healthy animals (Vainionpéa et al., 2012; Rekant
et al., 2016).

Physical characteristics associated with the subject (e.g. coat length,
color, and shape) are possible additional confounding variables (Tunley
and Henson, 2004). Thermographic studies in equines have established
expected normal thermal patterns (Eddy et al., 2001; Redaelli et al.,
2014; Soroko et al., 2017). Standardized procedures such as brushing
excess dirt from a hair coat, rid the coat of additional thermal inter-
ference, and provides a uniform image of its thermal pattern (Eddy
et al., 2001; Autio et al., 2006; McCafferty, 2007). Difficulties in the
interpretation of thermal patterns arise when using multiple canine
breeds, especially when the hair coat is highly variable (McCafferty,
2007). Clipping hair to reduce this variation in BST can lead to an in-
crease in stress levels (Yarnell et al., 2013), which changes BST as a
result of the changes in sympathetic influence of peripheral blood sti-
mulated by sympathetic nervous system activation (Travain et al.,
2015). Alternatively, it has been noted by two canine studies that
clipping of the fur is not necessary to produce accurate thermal patterns
in both healthy and injured dogs (Marino and Loughin, 2010; Infernuso
et al., 2010). The importance of hair coat remains a topic of debate.

In small animal medicine, canine thermography has potential as a
diagnostic tool as shifts in BST due to changes in blood circulation may
indicate inflammation or disease (Travain et al., 2015). A difference of
less than 1°C was considered statistically significant in identifying
systemic infection and inflammation in calves and horses (Turner,
2001; Schaefer et al., 2004). To date canine thermoregulation studies
have evaluated BST differences on limited aspects of the body in re-
sponse to clinical conditions such as the stifles (Infernuso et al., 2010).

The aim of our study was to determine the influence of hair coat
variation on body BST in healthy canines via infrared thermal imaging
via infrared thermal imaging. BSTs were derived from regions of in-
terest that cover the torso. Previous equine studies have shown that
there are differences based on breed coat characteristics using tem-
peratures of extremities of the body and the eyes (Bartolomé et al.,
2013; Yanmaz and Okumus, 2014). However, there is little to no in-
formation on non-extremities or thermal windows of the body in equine
and canine thermography studies (Johnson et al., 2006; Travain et al.,
2015; Soroko et al., 2017). Our goal was to establish standards for dogs
to aid future research in canine thermal imaging.

2. Materials and methods
2.1. Sample population

A total of 50 client-owned dogs were analyzed for this study. There
were 29 females and 21 males. The dogs represented 17 different breeds
with diverse types of hair coats (Table 1). Their weights varied from 2.7
to 47.6kg. The mean age was consistent across all age groups
4.99 + 2.87 years. Dogs were confirmed to be healthy by the most
recent veterinary examination. Overweight or chronically-ill dogs were
excluded from the study.

This research was approved by the California State Polytechnic
University, Pomona Animal Care and Use Committee (ACUC), 17.023.

2.2. Data collection and infrared thermal imaging camera

Dogs were acclimated without restraint to indoor enclosures with a
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Table 1
Demographic of dogs by breed.

Type of breed Number of dogs

Chihuahua Mix 1
Terrier Mix

Miniature Pinscher

Pit Bull Mix

Papillon

Shih-tzu

Cocker Spaniel

Poodle Mix

Miniature Schnauzer
German Shepherd
Shepherd Mix
Australian Shepherd Mix
Labrador Mix

Hound Mix & Pointer
Akita

Pomeranian

Yorkshire Terrier Mix

N = WUNWWNFERNRWOUONRNDOO

stable ambient temperature range of 21-25 °C for a minimum of 15 min
prior to imaging; the relative humidity levels were also recorded in
conjunction with the ambient temperature readings with an outdoor
temperature thermometer (AcuRite Digital Weather Station). Dogs
fasted for at least four hours before thermal images were taken. These
images were taken from 14:00 to 16:00. Pearson correlation analyses
were used to assess the correlation between relative humidity levels and
ambient temperatures with BST. The emissivity value was set at 0.97
based on previous literature (Rizzo et al., 2017). At the end of the ac-
climation period, dogs were positioned without touching their coat to
take images of their lateral surfaces while standing. After images of
both sides of the dog were taken, a rectal temperature was obtained
with a digital thermometer (Vicks SpeedRead™ Digital Thermometer);
rectal temperatures of two dogs were unable to be taken. The distance
between the dog and the camera was 0.67 * 0.24m to ensure full
body images. The maximum angle from the lens of the camera to the
body of the canine was no more than 17° (McCafferty, 2007). The same
thermographer was used for all imaging to reduce user-error variability.
Full lateral left-and-right-side images were taken for each dog. The left
and right lateral of the FLIR B400 thermal camera were used for this
study. The resolution of the camera is 320 x 240 pixels (B-series, FLIR
Systems, Inc., Wilsonville). The thermal sensitivity (NETD) of this
camera is < 0.08°C (< 0.14°F) @ + 30°C (+86°F). The field of view
(FOV) is 25° x 18.75°. Data (thermal images) were analyzed with the
FLIR Tools software (FLIR, Wilsonville).

2.3. Statistical analysis

ROIs were drawn across the lateral torso of each dog (Fig. 1). Mean
BSTs and standard error of the mean (SEM) of the rectangular-shaped
ROIs were then analyzed as mean temperature values through the FLIR
Tools software program. In placing ROIs, “anchor points” were de-
termined at the: 1) cranial aspect of the ischium and 2) coccygeal
vertebrae to account for the differences in pixel area ratio attributed by
canine size variation. A second ROI was drawn to cover the expanse of
the torso. Averages of both ROIs were taken to evaluate mean BST and
bilateral symmetry. A t-test was used to test for laterality. These char-
acteristics and length were defined as the following: short coat (SC),
long coat (LC), curly coat (CC), and double coat (DC). A two-way
ANOVA was performed with the subsequent Holm-Sidak method for
comparisons using the statistical software package, SigmaSTAT (SY-
STAT, CA, USA), to determine the effect of coat type through mean
temperatures of the ROIs. Pearson correlation analyses were used to
assess the correlation between relative humidity levels and ambient
temperatures with BST. Normal distribution was tested in all data using
the Shapiro-Wilk normality test. In instances where normality failed, a
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Fig. 1. Designated points (i.e. anchor points) ensured standardization of the
rectangular boxes. The first point is cranial to the ischium at the end of the
thoracolumbar vertebral section whereas the second point ends at the cranial
aspect of the coccygeal vertebrae. The parts of the ROI of that does not include
the dog was not included in the mean temperature values.

Mann-Whitney Rank Sum test or Kruskal-Wallis one-way ANOVA on
ranks was run.

3. Results

The mean age of the dogs in this study was 4.99 + 2.87 years and
mix of small to large breeds. Age was not statistically different between
coat categories (P = 0.094).

SC dogs had the highest mean BST with the lowest SEM
(31.77 * 0.19°C) whereas LC animals had the lowest mean BST with
the highest SEM (28.14 + 0.31 °C) (Table 2). The lowest mean BST of
dogs was in the LC dogs which had the smallest range in comparison to
SC, CC, and DC dogs (Fig. 2). CC dogs had intermediate BST
(29.85 0.33°C) and DC dogs had a lower intermediate BST
(28.25 0.23°C). LC and DC dogs were more similar in mean BST
(28.14 °C and 28.25 °C, respectively). Distributions of individual mean
ST in DC dogs were larger than those of LC dogs. Comparison between
each hair coat category were statistically significant (P < 0.001), with
an overall significance of P < 0.05, except for the comparison of mean
BST between DC and LC (P = 0.79) (Table 2). There was not a statistical
difference in mean BST values between both ROI 1 and ROI 2. The
mean BST values were therefore combined to determine mean full torso
BST for each animal. There was not a statistically significant difference
in mean BST based on laterality (P = 0.92); a Mann-Whitney test was
run in place of a normality test when comparing laterality with mean
BST. Rectal temperatures were negatively correlated with BST but were
not significant (r = -0.24). A one-way ANOVA did not show a statistical
difference between rectal temperatures and mean BST based on coat
type.

To assess the effect of relative humidity levels and ambient

=+
=+

Table 2

Mean BST based on hair coat category (DC = double coat, SC = short coat,
LC = long coat, and CC = curly coat). A multiple comparison procedure (Holm-
sidak method) of breed type categories was performed (overall significance
level = 0.05).

Group Mean SEM
DC 28.246 0.232
SC 31.768 0.189
LC 28.144 0.306
CcC 29.849 0.327
Comparison P P < 0.050
SC vs. DC < 0.001 Yes
SCvs. LC < 0.001 Yes
SC vs. CC < 0.001 Yes
CC vs. DC < 0.001 Yes
CC vs. LC < 0.001 Yes
DC vs. LC 0.791 No
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Fig. 2. Box-and-whisker plot of mean BSTs from the ROIs based on breed type
categories: short coat (SC), curly coat (CC), long coat (LC), and double coat
(DC).

temperature on BST, Pearson coefficient and one-way ANOVA analyses
were used. Relative humidity levels were negatively correlated with
BST, but the correlation coefficient was not significant (r = -0.11). In
contrast, ambient temperatures were positively correlated with BST
(r = 0.26). In addition, ambient temperature was not significant in
comparison to coat category (P = 0.49).

4. Discussion

SC dogs had the highest mean BST that surpassed 31 °C as they have
the least amount of insulation interference in comparison to LC, CC, and
DC dogs. Elevated rate of heat loss through thermoregulatory me-
chanisms (i.e. convection and conduction) have been apparent in
smooth, short-haired Holstein cows in contrast to wild-type Holstein
cows in similar regions examined in this study (Dikmen et al., 2008). In
contrast, dogs in this study did show differences in BST based on hair
coat type. LC and DC dogs had low mean BST (~28 °C) in comparison to
the canines characterized as SC and CC, which had mean BSTs greater
than 29 °C. Fig. 3

Radiative temperature decreases in coats with a crimped, wavy
texture with angles greater than 45° in two types of domesticated sheep
(i.e. Dorset Down and Clum Forest) (Cena and Clark, 1973). Therefore,
animals with a straighter hair release heat more easily and more quickly
than those with hair that lays flat against the surface of their bodies. In
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Fig. 3. Box-and-whisker plot showing laterality or the left and right sides of the
ROIs.
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addition, asymmetrical patterning of curly coats can expose parts of the
skin that the more evenly covered LC and DC animals do not expose.
This may be a possible reason why mean BST of curly hair coats ex-
ceeded mean BST of LC and DC animals in this study.

Thicker coats reduce the dissipation of heat and thus is interpreted
as a lower mean BST as observed in the LC animals (Johnson et al.,
2006). When looking at the effects of hair coat pattern by seasons in
horses, researchers suggest that hair coat weight has an inverse effect
regarding heat loss (Autio et al., 2006). Differences in hair growth
phase can also contribute to the variation in thermal loss. Most dog
breeds have a higher telogen phase of up to 34%; the ratio between the
telogen and the kenogen phase in breeds acclimated to colder climates
are more synchronous than breeds originating in warmer climates
(Welle and Wiener, 2016). Unevenness in the level of thickness of the
coat could contribute to the variability of BST readings, as both ROIs
showed higher standard deviations in DC dogs than those of SC and CC
animals. In contrast, a previous study which tested the usage of dif-
ferent thermal cameras suggested diverse types of hair coat were not an
issue with respect to within-dog variation in the 26 different breeds of
dogs (Vainionpaa et al., 2012). Further research should be conducted to
gauge hair weight, length, and width to specify their insulative prop-
erties (Osthaus et al., 2018).

The purpose of obtaining rectal temperatures was to appreciate
whether differences in BST could be explained by changes in body
temperature. In this study, rectal temperatures were independent of
mean BST. Regions with sparse hair such as the eye and tympanic
membrane have shown correlation with rectal temperature in canines
(Zanghi, 2016). These areas are commonly known as thermal windows
since blood perfusion is greatest in these areas, thus providing a scope
into core body temperature (Soerensen and Pedersen, 2015). The effect
of different hair coat types on rectal temperature has not been studied
as well. The results of this study indicate that different hair coat types
do not have a significant influence on rectal temperature (r = -0.24)
and therefore, may not need to be considered when measuring BSTs or
when evaluating anatomical regions with even more hair than found
around the ears and eyes. Without a layer of insulation provided by a
substantial amount of hair, heat is lost directly from the surface of the
skin through thermoregulatory processes.

Ambient temperature and relative humidity levels are known to
influence thermoregulatory capacities (McCafferty, 2007). In this study,
relative humidity levels did not have a significant effect on mean BST.
Ambient temperature did not correlate with coat category but had a
significant effect on mean BST. Narrowing the range of ambient tem-
perature in the study may decrease variation in mean BST. In terms of
camera angles, it has been reported in an equine study that BSTs are
unaffected by an angle less than 20 °C (Soroko and Howell, 2018).

The limbs were not analyzed in this study due to the highly variable
characteristic of the BST across the limbs and should be considered in
future research studies. A study of ten Labrador Retrievers showed that
variation was still found in BST after the hair coat had been clipped
from distal portions of the limb when image acquisition took place after
60 min (Loughin and Marino, 2007). Skin areas near major blood ves-
sels such as cephalic and saphenous veins appear warmer whereas areas
distant from blood supply at the dorsal metacarpus and pastern display
cooler temperatures (Eddy et al., 2001). In order to reduce complica-
tions in coat evaluation and appreciate coat differences, the torso was
chosen due to its homogeneity. Possible dissimilar effects on BST on
other parts of the canine body. Temperature ranges of more than 1°C
are generally considered abnormal in equine thermography when
evaluating the limbs. However, when observing opposing sides of limbs,
BSTs varied over 5°C without the presence of clinical inflammation
(Soroko et al., 2017). In contrast, BSTs differed approximately 2°C
between SC and LC dogs, which is between the range reported in equine
thermographic studies, possibly showing signs of inflammation. This
would suggest that coat type is an important consideration when
evaluating inflammation.
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Restrictions to this study include the dissimilarity in canine routine
and management as the participating canines were privately owned
which may have affected mean BST. Although an indoor environment
reduced environmental factors such as direct sunlight, which influence
the thermal signature of the body. Intrinsic factors such as differences in
adult dogs and the presence of mixed-breed dogs may have further
complicated accurate obtainment of BST based on variation of ther-
moregulatory capabilities (Larson and Carithers, 1985); in this study,
age was not considered to be significant when evaluating coat cate-
gories. Most dogs used in this research were mixed-breed; it would be
useful to perform a similar study on purebred dogs to minimize po-
tential discrepancy due to further variation of the hair coat (Czyz et al.,
2012).

5. Conclusion

When evaluating BSTs using IRT, it is important to consider breed
coat characteristics for veterinary clinicians to more accurately inter-
pret BST values. Canines with short hair are consistent in expressing
BSTs up to 2°C warmer than dogs with longer and more diverse coat
lengths and properties. Further research can include looking at in-
dividual properties of the hair and their potential impact on BSTs in
pure-bred dogs.
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