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ABSTRACT.	 The objective of this study was to compare the method of thermography by using three different resolution thermal cameras 
and basic software for thermographic images, separating the two persons taking the thermographic images (thermographers) from the 
three persons interpreting the thermographic images (interpreters). This was accomplished by studying the repeatability between ther-
mographers and interpreters. Forty-nine client-owned dogs of 26 breeds were enrolled in the study. The thermal cameras used were of 
different resolutions—80 × 80, 180 × 180 and 320 × 240 pixels. Two trained thermographers took thermographic images of the hip area 
in all dogs using all three cameras. A total of six thermographic images per dog were taken. The thermographic images were analyzed 
using appropriate computer software, FLIR QuickReport 2.1. Three trained interpreters independently evaluated the mean temperatures of 
hip joint areas of the six thermographic images for each dog. The repeatability between thermographers was >0.975 with the two higher-
resolution cameras and 0.927 with the lowest resolution camera. The repeatability between interpreters was >0.97 with each camera. Thus, 
the between-interpreter variation was small. The repeatability between thermographers and interpreters was considered high enough to 
encourage further studies with thermographic imaging in dogs.
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Thermography (also known as infrared thermography 
and infrared imaging) is a noninvasive and safe method of 
detecting changes in superficial temperature in animals [15, 
16, 23, 28] and humans [20, 26]. A change in superficial 
temperature may be an indicator of several illnesses and 
pain [10, 13]. Although this method could be useful as a 
diagnostic tool in everyday veterinary medicine, its clinical 
utility has rarely been studied, especially in small animals. 
In recent years, the technology of the cameras has improved, 
prices have gone down and the equipment has become easy 
to transport, which makes bedside use feasible.

The normal temperature of an area of the body is a prod-
uct of cell metabolism and local blood flow [9]. Inflamma-
tion in subcutaneous and deeper tissues can be reflected by 
superficial tissue temperature changes of ≥1°C. In the in-
flammatory process, skin temperature rises due to changes 
in the diameter of blood vessels and the rate of blood flow 
as well as increased capillary permeability, which can be 
seen with thermography [29, 30]. The human hand and 
fingers can detect a ≥2°C difference in temperature on a 
patient’s skin [11], whereas modern infrared cameras have 
been claimed to be more than 10 times more sensitive in 

detecting temperature changes. Thermography can be used 
to detect changes in peripheral blood flow from the result-
ing changes in heat loss [25].

The objective of this study was to compare three different 
resolution thermal cameras in investigating the amount of 
variance caused by thermographers and interpreters of ther-
mal camera images (thermographic images). In addition, 
we visually observed the appearance of varying hair coats 
in different breeds of dogs. Our aim was to show that the 
variance caused by these two random components would 
be small enough to be considered negligible in clinical use. 
None of the thermal cameras were made for medical pur-
poses, and by comparing different resolutions in an animal 
study, we also set out to determine which resolution, if not 
all of them, would be best suited for veterinary purposes.

MATERIALS AND METHODS

Thermal cameras: Three types of thermal cameras were 
used for this study. The resolutions of the cameras were 80 
× 80 pixels (i5, FLIR Systems, Inc., Danderyd, Sweden), 
180 × 180 pixels (b60, FLIR Systems, Inc.) and 320 × 240 
pixels (T425, FLIR Systems, Inc.). The thermal sensitivities 
of the cameras were 0.10, 0.07 and 0.05°C for i5, b60 and 
T425, respectively. The cameras were selected to have a 
variety of different resolutions. The freeware FLIR Quick-
Report 2.1 [5] facilitated the processing of thermographic 
images taken with all three cameras.

Animals: A total of 49 client-owned dogs were enrolled 
in the study. The dogs were recruited by a public call, and 
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dogs with all hip joint area conditions were included in the 
study. All dogs were adults aged 1–10 years, with 16 males, 
25 females, five castrated males and three sterilized females. 
The dogs were of 26 different breeds (Table 1) with different 
types of hair coats. Their weights varied from 9 to 91 kg.

Thermographic imaging: The dogs were allowed to walk 
around and adjust to the room temperature in a calm manner 
for approximately 30 min before imaging. They were then 
positioned standing in an upright position, as symmetrically 
as possible, without the owner or thermographer touching 
the dog’s torso. Owners were allowed to touch the head or 
the collar of the dog in order to keep the dog in the required 
position (Fig. 1). If needed, the owner could help the posi-
tion of the dog by holding the dog under the abdomen. The 
dogs were examined in a room with a steady temperature.

Since the area of interest was the hip area, each thermo-
graphic image included the area from the last lumbar verte-
bra to the first coccygeal vertebra at a minimum. All images 
were taken from a distance of 60 cm to simulate a clinical 
setting where the space around the patient could be limited 
(Fig. 1). The distance was chosen from the average of the 
natural positions of the three thermographers when holding 
the camera. The distance was measured with a tape measure 
before each thermographic image.

The thermographic images were first taken by one ther-
mographer with all three cameras, one thermographic image 
per camera. The same procedure was then immediately re-
peated by another thermographer. This resulted in six ther-

mographic images per dog. Since the same distance was 
used with all cameras, the cameras were focused before tak-
ing the thermographic images. The dogs were not allowed 
to move during this time. The thermographers were trained 
in using all three cameras before the beginning of the study.

Interpretation of the thermographic images: Data (ther-
mographic images) from each camera were analyzed with 
the freeware FLIR QuickReport 2.1 [5]. This software was 
chosen in order to get easily repeatable results and to estab-
lish whether it is practical and easy enough to be used in 
a clinical setting by a general practitioner. The interpreters 
were trained in using the software before the beginning of 
the study.

The thermographic image rainbow colour palette was 
used for viewing and analyzing the images. This color pal-
ette was chosen because all three cameras could be set to 
this palette. All cameras were also set to a fixed temperature 
interval, thereby minimizing the possible changes in the im-
age layout during analysis. The emissivity was set to 1 in all 
of the cameras as well as in analyzing the images.

The area of interest was the anatomical hip joint area. 
Mean temperatures in both hips were evaluated with the 
software by placing temperature boxes of equal size on the 
areas of interest in the thermographic images (Fig. 2a–c). 
The analysis was performed for all cameras separately and 
by three different interpreters independently.

Written informed consent for participation in the study 
was requested from all dog owners. This study was approved 
by the Ethical Committee of the Viikki Campus, University 
of Helsinki.

Statistical methods: A one-arm cross-sectional experi-
mental design was used in this study. The analysis dataset 
included values from three cameras, two thermographers 
and three interpreters for both the left and right hip joint 
areas for each dog. The random variation caused by the 
interpreters and thermographers was assessed in two dif-
ferent ways. First, random effects models were constructed. 

Table 1.	 Demographic data of the dogs included in the study (mean ± SD)

Breed Dogs Age Weight
Akita 2 4 ± 1.4 24 ± 0.8
American cocker spaniel 3 4 ± 1.5 1 ± 2.2
Australian kelpie 1 6 22
Australian shepherd 1 1 17
Border collie 8 4 ± 3.2 18.9 ± 2.5
Border terrier 1 8 9
Caucasian shepherd dog 1 6 91
Central Asian shepherd dog 1 6 61
Doberman pinscher 2 5 ± 2.1 32 ± 1.4
Dogo Argentino 2 8 ± 0.7 46 ± 3.5
Finnish Lapphund 2 3 ± 3.5 15 ± 0.4
German shepherd dog 8 4 ± 2.5 35.8 ± 6.8
Giant schnauzer 1 3 38
Golden retriever 1 1 29
Hovawart 1 8 28
Labrador retriever 3 7 ± 2.5 32 ± 3.6
Lagotto Romagnolo 1 3 12
Lancashire heeler 1 5 11
Mixed-breed dog 1 5 33
Nova Scotia duck-tolling retriever 1 9 15
Old English sheepdog 1 2 33
Rough collie 2 3.5 ± 0.7 30.4 ± 0.6
Samoyed 1 2 33
Smooth collie 1 6 22
Staffordshire bull terrier 1 1 18
Welsh springer spaniel 1 7 22

Fig. 1.	 Thermographer (a) standing behind the dog taking 
a thermographic image with the thermal camera (b) of the 
dog’s (c) lumbar area from a distance of 60 cm (d). Owner 
(e) is holding the dog from the front.
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Random effects models were selected because different 
thermographers and interpreters are assumed to create only 
random variation in the data, i.e., the mean differences be-
tween thermographers and interpreters are assumed to be 
zero.

To estimate the variance component of interpreter, a 
random effects model was constructed. Only the effect of 
the dog was included as a random factor in the model. The 
response of the model was calculated as the mean of the two 
images taken by two thermographers on the same dog for 
each interpreter. In this model, the residual variance compo-
nent estimates the variation between interpreters for a given 
dog. The random effects models were constructed separately 
for the different cameras and for the left and right legs.

As said, a random effects model was also constructed for 
estimating the variance component related to the thermog-
rapher. Here, the response was calculated as the mean of 
the three interpreters for each image. In these models, the 
random effect of the dog was included as the only factor in 
the model. The residual variance of these models estimated 
the variation between thermographers for a given dog. The 
random effects models were constructed separately for the 
different cameras and for the left and right legs. Estimates 
and 95% confidence intervals (CI) were provided for all of 
the random effects models.

Another approach in evaluating the importance of the dif-
ferences between interpreters and thermographers was also 
applied. Here, we calculated a repeatability statistic between 
interpreters and thermographers with one-way analysis of 
variance (ANOVA) in which the effect of the dog was used 
as a fixed effect. In these models, the within-group variation 
describes the variation between interpreters and thermogra-
phers, respectively. The repeatability statistic was calculated 
based on the within group and between group mean squares 
of the ANOVA models.

All statistical analyses were performed using the SAS® 
System for Windows, version 9.2 (SAS Institute Inc., Cary, 
NC, U.S.A.).

RESULTS

Repeatability between interpreters was at least 0.974 for 
camera i5, 0.989 for camera b60 and 0.991 for camera T425. 
Repeatability between thermographers varied depending on 
the camera used: it was 0.927 with the i5 and 0.976 and 
0.981 with the b60 and T425, respectively.

The results of the random effects models were similar to 
those of the repeatability statistics for the left and right leg, 
respectively. The between-interpreter variation was small: 
the estimates were 0.04 (95% CI 0.03–0.06) with camera 
T425, 0.05 (95% CI 0.04–0.07) with camera b60 and 0.13 
(95% CI 0.1–0.17) with camera i5. With cameras T425 and 
b60, the variation between thermographers also seemed to 
be minor (estimates 0.09 [95% CI 0.06–0.14] and 0.11 [95% 
CI 0.07–0.17] respectively). With camera i5, the variation 
between thermographers was almost 0.4 (95% CI 0.27–0.6). 
These estimates, excluding the between-thermographer 
variation with camera i5, seem negligible compared with 

the variation caused by the dogs. The between-dog variation 
varied from 4.6 to 5.2 depending on the fitted model.

Thermographic images of dogs with certain different hair 
types and lengths are shown in Fig. 3.

DISCUSSION

This study examined the reliability of thermography by 
studying the variation and repeatability of different resolu-
tion cameras, different thermographers and different inter-
preters, using basic software for analyzing the images. It 
was executed by employing two investigators for taking the 
images and three investigators for analyzing them.

The variation between thermographers depended on the 
resolution of the camera used. Cameras b60 and T425 were 
found to have equal repeatabilities, whereas the repeatabil-
ity was poorer and not directly correlative with camera i5. 
This can be explained by the fact that thermography is a 
physiological diagnostic tool and falls in the category of 
functional imaging techniques [3] in which small changes in 
the subject or the angle of the camera can be significant. In a 
low-resolution camera, such as the i5, small changes in im-
age cannot be interpreted and put into perspective due to the 
lack of resolution. The present results indicate that a resolu-
tion of 180 by 180 pixels, such as in the b60, is enough to 
provide reliable results. A higher resolution means smaller 
detectable changes.

The repeatability between interpreters was high, which 
indicates that the basic FLIR QuickReport 2.1 freeware 
[5] can be used to interpret thermographic images. More 
meticulous software might be needed to interpret smaller 
details and areas. The results also indicate that this method 
could easily be applied to clinical practice with relatively 
minor training in using infrared cameras and interpreting 
thermographic images.

The recruited dogs were of varying breeds and, more 
importantly, had different kinds of fur. As a result, we ob-
served that different hair coats differ markedly in appear-
ance, which can, at times, complicate locating the area of 
interest. This is especially true when the hair is very long 
and/or thick [19]. Furthermore, curly hair can make estima-
tion of the mean temperature difficult despite the computer 
software selected. The study material proved challenging 
for the interpreters due to the different breeds of dogs and 
varying kinds of hair coats, which affected the amount of 
heat emitted from dogs, thus influencing the thermographic 
images [19]. With humans, the heat emitted from the body 
is not trapped inside insulating fur as in dogs, and direct 
measurement of skin temperature is possible [7, 21]. Fur-
ther studies are needed to define the hair length limits for 
thermography in dogs. Marking the area of interest would 
have been extremely helpful in recognizing the anatomical 
structures, but as demonstrated in a study in humans [3], any 
interference with the area of interest would have impacted 
the thermographic images. Exercise has also been shown to 
affect thermographic images [24], and the 30-min period 
for the dogs to adjust to the room temperature in a calm 
way and a symmetrical body position were probably factors 
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affecting in the results. A study on horses suggested that no 
adjustment or equilibration time is required for performing 
thermographic imaging [27], but this could be due to the 
fact that a horse is a much bigger and more even heat source 
than a dog. In the present study, however, we were only 

interested in within-dog variation.
The emissivity was set to one (e=1) in all thermographic 

images. This setting was selected in the absence of further 
information. An emissivity of one is the emissivity of a theo-
retical black body that represents perfect absorption of light 

Fig. 2.	 In all thermographic images, the area of interest is marked with a white rectangle (mean temperature). The same dog is 
presented in all thermographic images. The thermographic images are taken with a) camera i5, b) camera b60 and c) camera 
T425. In b), the thermometer site (oval) is also visible. The results of thermometer measurements are not reported in this 
article.

Fig. 3.	 Thermographic images of different breeds of dogs with different types of hair coats taken with camera T425: 
a) Finnish Lapphund, b) Staffordshire bull terrier, c) Samoyed, d) Labrador retriever, e) German shepherd dog, f) Lagotto 
Romagnolo, g) Border collie, h) American cocker spaniel, and i) Smooth collie. Arrows point to the owner’s hand holding 
the dog from the ventral side. The oval indicates the thermometer site (measurements not reported in this article).
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[14]. This means that an assumption of not reflecting but only 
emitting heat radiation is made for the subject. Although this 
is not true with dogs, this emissivity is commonly used to 
make thermographic images comparable, since there have 
been no studies on the emissivity of animals to date. Another 
option would have been to use an emissivity of 0.98, which 
is the emissivity of human skin [22], or 0.95, which has been 
used in a study on horses [1], but these alternatives did not 
seem appropriate in the present context due to the different 
types of hair coats of the dogs because thicker hair serves as 
a better isolator [4]. The ability of a subject—in this case, a 
dog—to emit or reflect heat should be considered in the in-
terpretations of thermographic images [2], and this requires 
further study. Fur clipping has not been proven necessary for 
thermographic evaluation of structures in studies performed 
on dogs [12, 17, 18] and could actually be harmful due to the 
microtrauma caused by the clippers and the corresponding 
circulatory change.

It is crucial to bear in mind the physical conditions such 
as room temperature as well as the laws of radiation and 
wave physics. Most importantly, the room temperature 
should be even, as it was in this study. Drafts from windows 
or doors and strong spotlights might have a significant ef-
fect on thermographic images [8], especially if the room in 
question is small. Converting a thermographic image into 
other physiological function images, or properly interpret-
ing them, requires the elimination of environmental influ-
ences and variations [6]. The veterinarian interpreting the 
thermographic images should also have a strong knowledge 
of the anatomy and physiology of the animal being imaged. 
In the present study, emphasis was placed on the anatomi-
cal structures and physiologies of different breeds of dogs. 
Since marking of the anatomical structures is impossible, 
knowledge of anatomy is necessary. Thermography is a 
physiological diagnostic tool, and therefore, mastering the 
physiology and anatomy is required in order to obtain 
valuable and correct information from the thermographic 
images.

Based on this study, we can conclude that the variation 
introduced by trained thermographers and interpreters is 
negligible when evaluating thermal camera images that have 
been taken with the cameras b60 and T425. Camera i5 was 
more sensitive to variations between thermographers.

The study also showed that it is possible to use a thermal 
camera and software for interpreting thermographic images 
with proper training. This includes an understanding of the 
possible challenges of the method. The clinical implication 
is that noninvasive thermography could be used as a diag-
nostic tool, bearing in mind that the method has limitations, 
as do all diagnostic methods.

The results of the current study indicate that the investi-
gated method is potentially practical and reliable in clinical 
use. However, clinical studies are needed to specify the 
resolution required in clinical practice and the usefulness of 
the method for different medical conditions. Further studies 
are also needed to establish the usability of thermography on 
dogs with illness or pain.
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