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Abstract: Pain is a subjective feeling often difficult to interpret or study and thus, pain of those unable to communicate
their pain is difficult to recognize. According to the new definition of pain by IASP (Raja et al 2020), verbal description
is only one of the many behaviours that can be used to express pain, and the inability to communicate pain does not
negate the possibility of experiencing it. This addition to the definition points out that non-human animals, too, even if
they cannot express it in words, are capable of both experiencing and communicating pain. Can we as humans interpret
a state of pain in an animal in a trustworthy way — and in a manner that would be respectful and non-invasive to the
animal?

Infrared thermography (IRT) is a technology based on using infrared radiation instead of normal light to form images.
These images can be used to quantify the surface temperature of an object with high resolution. The intensity of the
radiation emitted by the object being imaged depends on the surface temperature and for this reason thermal imaging
enables detecting and measuring changes of surface temperature. Pain and stress might manifest physiologically as
activation of the autonomic nervous system, which in turn might result in changes in surface temperatures of the body.
These changes might be detectable with a thermal camera. If we could establish a link between certain intricate
temperature changes of the head area to certain type of activation of the sympathetic nervous system resulting from
pain, thermal imaging could have the potential to detect this.

In this study | investigated if there were detectable temperature changes in animal patients before and after a standard
examination conducted to each patient admitted to the Wildlife Hospital of Helsinki Zoo, where my data was gathered.
Another question was whether the patients that had pain differed in their temperature changes as compared to other
patients. The question at the heart of my research was whether there would be a change in peripheral facial
temperatures of patients before and after the examination. Another question was whether thermal patterns would be
different for pain- and non-pain patients. | found that for some parameters, the temperature differences between pain-
and non-pain patients were indeed different, for example the crown temperature of birds seemed to change with
examination for patients without pain but not for patients with pain. A more prominent finding was that temperatures
decrease across many parameters after an examination as compared to prior to it, across all or many patient groups.
My research does not univocally show that thermal imaging could be used to detect pain; rather it affirms the thought
that the measurement of changes in peripheral temperatures could be a potential window to non-invasively detect some
changes of activation of the sympathetic nervous system in animals.
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Tiivistelma: Kipu on subjektiivinen tunne, jota on usein vaikea tulkita tai tutkia. Niiden kipu, jotka eivat voi sita
kommunikoida, on usein vaikeaa tunnistaa. IASP:n vuonna 2020 paivitetyn kivun maaritelman mukaan verbaalinen
kuvailu on vain yksi tavoista ilmaista kipua. Kyvyttdmyys ilmaista kipua verbaalisesta ei tarkoita, ettei sitd olisi. Tama
lisdys kivun maaritelmaan kertoo siita, ettd esimerkiksi muut eldimet kuin inmiset voivat seka kokea ettd kommunikoida
kipua. Kuinka ihmiset voivat tulkita eldinten kipua luotettavalla tavalla, ja niin ettd se olisi kunnioittavaa ja non-
invasiivista elaimelle?

Lampokuvantaminen on teknologia, jossa kuva muodostuu kappaleen lahettaman infrapunasateilyn vaikutuksesta.
Naista kuvista voidaan irrottaa lampétila-arvoja. Sateilyn intensiivisyys riippuu kuvattavan kohteen pintaldmpétilasta,
joten [Ampokuvantamista voidaan kayttda mittaamaan muutoksia kyseisessa pintalampdtilassa. Kipu ja stressi voivat
aiheuttaa autonomisen hermoston aktivaatiota, mika vuorostaan voi vaikuttaa kehon pintalampétiloihin.
Lampdkuvantamisella pystytdan havainnoimaan naita hienovaraisia pintaldampdtilojen vaihteluita.

Lampdkuvantamalla voitaisiin mahdollisesti tulevaisuudessa tutkia esimerkiksi kipuun liittyvia ilmidita, jos ne
aiheuttavat vaihtelua ihon pintalampdtiloissa. Tassa tutkimuksessa selvitin, etta oliko tutkimallani villieldinotannalla
havaittavissa pintalampétilavaihteluja kasvojen alueella, voisivatko ne johtua kivusta, ja voisiko ndiden perusteella
lampokuvantamista kayttaa kiputilojen havainnointiin. Spesifimmin tutkin sita, ettd muuttuuko potilaiden paanalueen
pintaldmpdtilat alkututkimuksen aikana, joka suoritetaan aina uuden potilaan saapuessa Korkeasaaren
Villieldinsairaalaan, jossa kerasin datani. Toinen kysymys oli, ettd ovatko ndma erot erilaisia niilla potilailla, joilla on
todettu kiputila, verrattuna niihin, joilla ei ole todettua kiputilaa. Tutkimuksen tarkoitus oli myds kehittaa taman
teknologian kayttoa villielainten kohdalla. Tutkimukseni osoitti, etta joillakin parametreilla (esim. paan lampdtila
linnuilla) erot kipu- ja ei-kipu-potilailla olivat erilaisia. Kuitenkin merkittavampi havainto oli se, etta useiden
parametrien kohdalla ja useiden potilasluokkien kohdalla pintalampétilat laskivat alkututkimuksen jalkeen,
mahdollisesti johtuen stressiin liittyvastd sympaattisen hermoston aktivaatiosta. Tutkimukseni ei yksiselitteisesti
osoita sita, ettd lampokuvannusta voisi kayttaa kivun havainnointiin. Sen sijaan se antaa vahvistusta ajatukselle, etta
pintaldmpdtilaerot voisivat olla potentiaalinen mittauskohde non-invasiiviselle autonomisen hermoston
aktivaatiovaihtelun havainnoinnille.
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1. Introduction

“Physical pain has no voice, but when it at last finds a voice,

it begins to tell a story."

The Body in Pain, Elaine Scarry (1985)

Pain is a subjective feeling often difficult to interpret or study. Pain of those unable to communicate
it is often difficult to recognize. According to the new definition of pain by International
Association for the study of pain, IASP (Raja et al 2020), verbal description is among the many
behaviours that can be used to express pain, and the inability to communicate pain does not negate
the possibility of a pain experience. This underlines that non-human animals are capable of both
experiencing and communicating pain. How and by what means are we as humans able to interpret
a state of pain in an animal in a trustworthy, respectful and non-invasive manner? Historically, the
techniques to interpret pain in animals has heavily relayed on interpreting behaviour, posture,
facial and vocal expression, and on hormonal measurements from blood or feces and urine. There

is a need for more pragmatic techniques.

The link between the autonomic nervous system and emotion is well established, but the actual
underlying mechanisms are still under debate (Kreibig 2010). Pain among other intense feelings
activates the sympathetic nervous system (SNS) which opens potential to detect pain if we can
detect the activation of the nervous system. The type of pain — acute or chronic — might further
affect how this activation appears. One potential way to detect the activation is through the effects
it has on surface temperatures of the facial region that pertain to changes in circulation and brain
activity. In this thesis I examine potential for developing infrared thermography (IRT)
methodology for non-invasive detection of animal emotional states, focusing on pain and its
relation to the activation of SNS. Current studies indicate that SNS-related physiological
phenomena related to changes of surface temperature seem to be similar across at least mammals
and birds, but there might be differences related to e.g., anatomy of the head and different thermal

regulation systems among species.



The purpose of this thesis is to investigate the potential of the thermal imaging technology to
develop methodology for pain detection on wild animals by doing basic research about what kind
of detectable temperature differences are possibly related to pain. I have done this by collecting
numerical data of the surface temperature distribution in the head area from the thermal imagery
collected from multiple species of wild vertebrates, diagnosed either with painful conditions or
not, that are taken in as patients at the Wildlife hospital associated with the Korkeasaari zoo in
Helsinki. This basic research also includes investigation of other factors that might affect the

surface temperatures.

In this introduction I summarise what is known about pain and how it has been researched in non-
human animals, the current fallbacks in its measurement and the potential of thermal imaging
technology as a means for non-invasive detection of pain. After that I will summarise my research

hypotheses and aims for the thesis.

1.1. Pain
1.1.1. Definition of pain

The definition of pain by IASP was renewed in 2020. Pain in humans is defined as: “An unpleasant
sensory and emotional experience associated with, or resembling that associated with, actual or
potential tissue damage.” Six key notes were also added, last of them being “Verbal description is
only one of several behaviors to express pain; inability to communicate does not negate the
possibility that a human or a nonhuman animal experiences pain.” (IASP 2020; see Text boxes 1

& 2 below).



Text box 1. IASP definition of pain (1979).

Pain

An unpleasant sensory and emotional experience associated with actual or
potential tissue damage, or described in terms of such damage.

Note

Pain is always subjective. Each individual learns the application of the word
through experiences related to injury in early life. Biologists recognize that
those stimuli which cause pain are liable to damage tissue. Accordingly, pain
is that experience which we associate with actual or potential tissue damage.
It is unquestionably a sensation in a part or parts of the body but it is also
always unpleasant and therefore also an emotional experience. Experiences
which resemble pain, eg, pricking, but are not unpleasant, should not be
called pain. Unpleasant abnormal experiences (dysaesthesiae) may also be
pain but are not necessarily so because, subjectively, they may not have the
usual sensory qualities of pain.

Many people report pain in the absence of tissue damage or any likely
pathophysiological cause; usually this happens for psychological reasons.
There is no way to distinguish their experience from that due to tissue damage
if we take the subjective report. If they regard their experience as pain and if
they report it in the same ways as pain caused by tissue damage, it should be
accepted as pain. This definition avoids tying pain to the stimulus. Activity
induced in the nociceptor and nociceptive pathways by a noxious stimulus is
not pain, which is always a psychological state, even though we may well
appreciate that pain most often has a proximate physical cause.

Text box 2. Revised IASP definition of pain (2020).

Pain
An unpleasant sensory and emotional experience associated with, or
resembling that associated with, actual or potential tissue damage.

Notes

o Pain is always a personal experience that is influenced to varying
degrees by biological, psychological, and social factors.

o Pain and nociception are different phenomena. Pain cannot be inferred
solely from activity in sensory neurons.

o Through their life experiences, individuals learn the concept of pain.

o A person’s report of an experience as pain should be respected.”

o Although pain usually serves an adaptive role, it may have adverse
effects on function and social and psychological well-being.

o Verbal description is only one of several behaviors to express pain;
inability to communicate does not negate the possibility that a human or
a nonhuman animal experiences pain.

Etymology

Middle English, from Anglo-French peine (pain, suffering), from Latin poena
(penatty, punishment), in tum from Greek poiné (payment, penalty, recompense).
*The Declaration of Montréal, a document developed during the First International
Pain Summit on September 3, 2010, states that “Access to pain management is
a fundamental human right.”

Text boxes 1 & 2: Text boxes from Raja et al., 2020: The revised International Association for the Study of Pain
definition of pain. Boxes show the previous and the current definitions of pain.

Animal pain often goes unnoticed for us. For many species pain-related behaviour might resemble
their normal behaviour (Vifuela-Fernandéz et al. 2007). There is no universal definition of pain
for animals (Vifiuela-Fernandez et al. 2007): yet, the current IASP definition of pain can be thought
to include non-human animals, too. The nervous system and pain-relying pathways of other
animals are very similar to humans in many species, and actions that are painful to humans have

been recognized to be painful to other mammals too (Sneddon et al. 2014).
1.1.2 Nociception & physiology of pain

In this thesis, I assume that the following physiological patterns broadly apply to the taxa relevant
to my study, mammals and birds, although both species-specific and individual-specific

differences might arise (But see Sneddon et al. 2014).

The physical sense of pain is called nociception, from Latin nocere, “to harm or hurt”. It is
important to differentiate between nociception and pain — stimuli that can be detected by
nociception are not necessary for pain to exist. Pain is not a sensory but a neurological

phenomenon.



The sensors sensing nociception, nociceptors, are free nerve endings. They can detect injurious
stimuli that could cause tissue damage (Lynn 1994). The fibers respond to noxious stimuli by
generating action potentials which then travel through the afferent axons to the dorsal horn of the
spinal cord (Vifiuela-Fernandéz et al. 2007). A possibly harmful stimulus causes the activation of
the nociceptive pathway (transduction): stimulus is transduced into a nerve impulse, which travels

from the periphery, through the spinal cord to the brain (Kalso et al. 2018).

Pain causes the activation of the sympathetic nervous system (SNS). This affects the release of
glucocorticoid hormones, such as corticol. Glucocorticoid hormones are released from the adrenal
cortex, which is controlled by the hormone corticoliberin (ACTH-RH) that is released from
hypothalamus, which controls the release of adenocorticotropin (ACTH) from the pituitary. This
connection that is responsible for many stress-related reactions, is called the hypothalamic-
pituitary-adrenal-axis, or the HPA-axis (Sjaastad et al. 2010). The hormones related to the function
of sympathetic nervous system and neurotransmitters have been used as biological markers for
pain. Measuring these markers is often invasive (Stubsjeen et al. 2009). Corticol levels, the amount
of blood cells and other pain-related neurotransmitters and proteins, such as substance P, can be
measured to detect the physiological changes caused by pain or inflammation. This has been

studied for example in calves (Brown et al. 2015; Mirra et al. 2018).

1.1.3. Recognizing pain in animals

According to Weary & Niels (2006), research on pain assessment in animals has largely followed
one of three approaches: measures of general body functioning (food and water intake, weight
gain), measures of biomarkers (e.g., plasma cortisol concentrations) and measures of behaviour

(vocalizations, grimace- or other position-related scales) (Weary & Niel 2006).

Biomarker-related measures have been considered useful by some in assessing pain especially in
animals that are unlikely to show behavioural responses to pain (Vifiuela-Fernandez 2007). These
measures have multiple limitations and issues. Most of them require animal restraint and/or tissue
sampling. This might be either stressful or painful to the animal, which can affect the results
(Weary & Niel 2006). The same issues are present in measuring body functions to some extent.

Behavioural measures always bear the risk of being too subjective to be scientifically reliable.



By developing minimally invasive techniques to study pain, we increase our possibilities to both
study and enhance animal welfare, which is inherently valuable. Thermal imaging is non-invasive
and harm free to the animal. For this reason, its potential as a pain detection technique should be

surveyed.

1.2. Thermal Imaging

Thermal imaging (infrared thermography; IRT) uses infrared radiation instead of normal light to
create images. The surface temperature of the object defines the intensity of the radiation it emits.
Technology behind thermal imaging uses this to detect and measure changes of surface
temperature, through measuring emitted radiation. Depicting the surface temperature with thermal
imaging has been used in medical (e.g., Ring 2006) and veterinary (e.g., Vainionpad et al. 2012
(1,2); Rekant et al. 2016; McCafferty 2007) contexts in different ways: e.g., in detecting
inflammation based on observing visual cues from the images or extracting numerical data from
the images. Potential of using the extraction of numeric data from thermographs for animal welfare
have been explored in various contexts (see e.g., Stewart et al. 2005 for a review of thermal
imaging used as a tool to assess animal welfare; Zhang 2020 for using it for livestock monitoring),

and in this study, the latter method of extracting numerical data from the images is investigated.
1.2.1. Physics

All matter emits thermal radiation when its temperature differs from absolute zero. This is due to
all objects consisting of matter in random motion, which contains kinetic heat. This motion leads
to colliding particles, which change their energy states, resulting to a release in electromagnetic
radiation (Tattersal 2016). Thermal radiation is therefore electromagnetic radiation, caused by the
thermal motion of particles, and infrared thermography measures radiated electromagnetic energy.
Electromagnetic radiation is a stream of photons, massless particles, moving at the speed of light
in a wave-like pattern. Those of the photons that have the highest energy are correspondent to the
shortest wavelengths (Stewart et al. 2005). The mid- to long wave infrared radiation wavelengths
are not visible, but a thermal camera can detect these and convert them to temperature values

(Tattersal 2016).



1.2.2. IRT & Animals

IRT can be used to measure surface temperatures from a distance, and thus it enables non-invasive
studies even in the natural habitat of animals. A promising attribute of IRT is the possibility to
study physiological processes related to emotional and pain states that are not visible through
behaviour, such as when the animal is still. The differences within the temperature distribution of
the head and face might indicate changes of brain- and SNS activation, and thus could potentially
indicate something about the experiences of the animal. So far, the basic research with IRT in
researching emotional states has been limited to study mainly domestic or captive animals,
including the studies concerning the experience of negative states such as pain, fear, or stress (e.g.,
cow: Stewart et al. 2007 & 2008, primates: Dezecache et al. 2017; Kuraoka & Nakamura 2011,
chicken: Edgar et al. 2011 & 2013). Thus, a study concerning pain in wild animals is a new

opening in the field.

The main challenge in using IRT is to separate noise from signal, i.e., differentiate between
temperature changes that relate to emotions and those that do not. The surface temperature of
animals changes subtly depending on factors such as blood circulation, the activation of motor-
and sensory nerves, muscle work, breathing and metabolic processes. Metabolism and the oestrous
cycle can change the core temperature (McCafferty 2007). Metabolism affects the heat dissipation
from the body, which might affect the surface temperature of the body as the heat leaves an
animal's body: all metabolic processes produce heat as a by-product (Hill 2017). The activation of
SNS gives rise to vasoconstriction in the peripheral circulation, often resulting in lowering of the
surface temperature in that area, whereas the activation of the parasympathetic nervous system,
PNS, gives rise to vasodilation, often resulting in a rise in surface temperature. It is known that
chronic stress affects the capability of the PNS to regulate the SNS (Gormally and Romero 2020).
As a study about wild blue tits pointed out, body surface temperature might be an integration of

multiple different aspects of the physiological state (Jerem et al. 2018).

Animals have multiple ways to exchange heat with the environment: conduction, convection,
evaporation, and thermal radiation. During a clear night sky, animals emit radiation to the sky and
the sky emits a weak radiation back to the animal: thus, animals lose heat to a clear sky.

Homeotherms, that species in our study mainly are, do not have an absolute constant deep-body



temperature; it varies 1-2 degrees during the day, and seasonal or underlying circumstances might
affect these. Each animal also has a thermoneutral zone, in which the resting metabolic rate is
constant. The thermoneutral zone varies across species and climate. When staying in the

thermoneutral zone, the evaporative heat transfer is minor. (Hill 2017).

1.2.3. IRT & Emotions

Using thermal imaging to detect emotional states based on changes in the surface temperature of
face, both in humans and other animals, is a new field in need of much basic research. With a field
so novel, some elementary questions need consideration in planning each research, including
which temperature distributions are reliable indicators of the phenomena being studied, what are
the informative regions for the phenomena being studied and whether the timescale of the change
also bears information of the underlying processes. Even though the temperature changes can be
observed throughout the body, the face is especially informative due to both the processing of

emotions and because of anatomy.

An important finding is that it might not be possible to differentiate between a negative and a
positive state based on the activation of sympathetic nervous system: both kind of states might
amount to emotional arousal, and it is not known whether these can be differentiated based on the
activation of the nervous system or other means detectable by IRT (e.g., Moe et al 2012) —
peripheral temperatures may indeed be similarly affected by both positive and negative emotional

states (Proctor et al. 2015).

Chronic stress makes animals interpret ambiguous stimuli negatively, and wellbeing makes them
interpret it positively (Mendl et al 2009). The short-term effects of changes in emotional states
have been studied with multiple species relating to both negative emotions such as fear (cow:
Stewart et al. 2008, sheep: Cannas et al. 2018), stress (bird: Jerem et al. 2015, rabbit: Lydwig et
al. 2003, dog: Riemer et al. 2016, cow: Stewart et al. 2007, sheep: Cannas et al. 2018, cat: Foster
et al. 2017) and pain (calf: Stewart et al. 2010, sheep: Stubsjeen et al. 2009). Negative emotions
might be hard to distinguish from each other, and sometimes the study question has been posited
relating to the reaction to negative stimuli instead of trying to distinguish the exact emotion in
question (chimp: Dezecache et al. 2017, macaque: Kuraoka & Nakamura 2011, chicken; Edgar et
al. 2011, & 2013, marmoset: Ermatinget et al. 2019). Often the head area chosen for analysis has
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depended on the species, but often either eye, nose or ear is chosen, and in some studies e.g., comb

surface temperature for chickens (e.g., Edgar et al 2013).

1.2.4. Error sources

There are two main sources of error when collecting and interpreting data from thermal images.
First, there are errors related to the technique itself. Multiple factors might make the camera
interpret the temperature inaccurately. These include the evaporative cooling of wet surfaces (e.g.,
if the animal is wet for some reason), the factors related to the atmosphere (e.g., wind), and wrong

settings in the camera.

Second, there are errors related to the interpretation of thermal patterns. Even if the camera
measures the temperature changes correctly, they might be related to different things than the ones
they are interpreted as. For example, vasoconstriction that causes changes in the temperature might
be interpreted as being related to the activation of SNS, when it might be due to thermal regulation
due to change of weather. I will return to these error sources in the Methods -part to explain how
these are considered in our study, and in the Discussion to discuss how these error sources might

have affected our data & how they could be considered even better in further research.



2. Aims of the study & hypotheses

The main question that is addressed in this study is: can we use thermal imaging to detect whether
animals are experiencing pain or not, based on differences in surface temperatures of the head area

between pain and non-pain patients?

The working hypothesis of the study was that the experience of pain will change the surface
temperature of certain skin areas of the head (depending on the species), and that this can be

detected with a thermal camera.

Specifically, this study aims to measure 1. whether there is a change of surface temperature in the
designated areas between before and after the examination and 2. whether pain-patients differ in

their surface temperature to non-pain patients, and if they do, what is this difference like.



3. Materials and methods

The project was conducted in the Wildlife Hospital of Helsinki Zoo as a part of a larger project
conducted at the Helsinki Zoo, where IRT techniques are developed for the detection of different
emotional states across species. We included patients with acute pain states (e.g., bone fracture)
detected by veterinarian, and patients with no detectable pain states (e.g., famished, or dehydrated
patients) to be used as controls. The species included in the study were mammal or bird species.

A table of the species in the study can be found in the next chapter (see Table 1).

3.1. Animals

The animals that were brought in included individuals across vastly different species. e.g.,
Erinaceus europaeus (European hedgehog), Sciurus vulgaris (Red squirrel), and different species
of Laridae spp. (gulls). Due to especially hot weather during part of the data collection period,
orphaned juvenile Apus apus (swifts) were the most common patient. There were in total 120

patients, 89 birds and 31 mammals. The patients were classified with the following criteria:

1. Pain. Bone fracture, swollen joint, open wound, inner bleeding, eye injury or swallowed
fishhook. Also, other states that are diagnosed as "pain" by the nurse in the examination.

2. No pain. Those patients whose diagnosis was "all ok" or "orphaned" without a
physiological problem. Patients that had fly eggs without a wound are in this class.

3. Pain status unclear. NOT hypothermic or dehydrated.

4. Pain status unclear. Either hypothermic or dehydrated.

Birds consisted of 20 pain, 30 non-pain, 32 unclear without dehydration or hypothermic, and 7
patients that were unclear with dehydration or hypothermic. Mammals consisted of 8 pain, 8 non-
pain, 12 unclear without dehydration or hypothermic, 3 unclear with dehydration or hypothermic.
Of all these patients, 85 were included in the final statistical analysis, as shown in the table below
(Table 1). Both groups of unclear patients were grouped together in the final analysis. Patients
were classified according to age in two groups, adults and juveniles, but this is not shown on the
Table 1 below as this information is not directly relevant to the questions of this study; however,

the age is discussed later in the thesis in contexts where it was relevant.
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Birds 64 Mammals 21

Pain 20 Pain7

No pain 16 No pain 2

Unclear 28 Unclear 12

Apus apus 29 Sciurus vulgaris 11
Laridae (different species) 11 Erinaceus europaeus 9
Columba palumbus 4 Oryctolagus cuniculus 1

Passer domesticus 3
Turdus pilaris 3
Erithacus rubecula 2
Turdus merula 1
Mergus merganser 2
Dendrocopos leucotos 1
Ficedula hypoleuca 1
Parus major 1
Accipiter gentilis 1
Delichon urbicum 1
Branta leucopsis 1
Turdus Philomelos 1

Table 1: A list of all patients in the study.

My initial idea was to form pairs of pain- and non-pain patients of the same species and run the
statistical analysis as a paired comparison. However, this turned out to be impossible due to the
substantial number of species admitted as patients, and the large variation in the quality of the
videos. Thus, the plan was changed to analyzing animals as comparable groups, within each
species group. Groups were made up of mammals and birds, that are further separated into pain,

non-pain, and unclear patients. Mammals and birds are analyzed separately from each other.

The reason mammals and birds are separated as groups is the differentiating physiologies between
these two classes and how these differences in turn may affect the thermal patterns being imaged
with IRT. For example, birds have a thinner skull than mammals, and thus surface temperature
differences can be detected through the skull, from the temples, whereas mammals have a thicker
skull, in which case eyes are used as a source for data. For this reason, in the final analysis the data
collected from the eye area of the mammals is from the eyes, whereas for birds the designated area

is the area around the eyes.
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The permit to carry out this study was obtained from the Office of the Regional Government of

Southern Finland, in agreement with the ethical guidelines of the European convention.

3.2. Thermal imaging protocol

The recording was done with a FLIR E60 thermal camera (FLIR Systems AB, Danderyd, Sweden).
The situation where animals were imaged was always the first examination that is conducted as
soon as possible when the animal arrives at the hospital. Patients are delivered to the hospital in
closed cardboard boxes (e.g., shoeboxes), typically either by rescue services or individual people
who have found them. When the animals are being examined upon arrival, the nurse is holding the
animal, and after the examination, the animal is placed back in the box. The whole examination
situation lasts approximately 2-3 minutes. After the examination the nurse makes a diagnosis of
the patient, sometimes after consulting a veterinarian. This diagnosis was written down in a script
and based on this the patients were later sorted out in pain, non-pain, and uncertain patients, as

mentioned above.

The hand-held infrared camera was connected via USB cable to a laptop. Before recording, the
camera settings were adjusted via FLIR+ Tools on laptop according to the following measures: the
distance from the object being imaged (0.5 meters), ambient temperature (°C) and relative
humidity (%) inside the sampling area were recorded in the beginning of the protocol and used to
calibrate the camera for the conditions of the atmosphere. Since the recording was conducted

indoors, there was no need to take the speed of the wind into account.

Recording begun when the animal was still in the box and was continued when the nurse was
holding the animal. The purpose was to get the following types of data from the patient: 1. from
above the head when they are in the box, both before and after the examination and 2. during the
examination symmetrical data of the face, from forward and from both sides of the face that are

comparable (from the same angle). The latter was not used in this research.

3.3. Data extraction with FLIR tools

The extraction of data from raw IRT videos was done using FLIR Tools+. After collection, the

videos were uploaded to FLIR Tools analytical software.
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The criteria for including videos for data extraction were 1. focus: The beak/nose should have
visible outlines, and the location of the eyes should be visible. 2. symmetry in the before and after
images. Head should be as symmetrically posited as possible. The images from each side should

be as directly from that side as possible.

Images of five different time points were saved for each patient. Usually, five images were
extracted from each patient in the examination for two separate research questions. In the following
cases two images for each time point were extracted: 1. if eyes were fully visible in one screen but
the beak/nose were fully visible in another or 2. if there is no symmetrical enough screen, but two

screens in which the other is slightly to the left and the other slightly to the right.

First, two images were extracted when the patient was in the box, before lifting and after lifting.
The effects possibly visible in these images are interpreted to hypothetically be related to SNS

function. These were the images used for final analysis.

Second, three images were extracted during the examination: one from each side, and one from up
front of the face. These images were not used in the final analysis but will be used for the follow

up research.
From the collected images, temperature values were extracted for the following parameters:

Eye temperature. For birds, the maximum temperature of the eye area. For mammals, the

maximum temperature of the eye.
Snout or beak temperature. The average for both mammals and birds.
Crown of the head. The average for both mammals and birds.

A specified protocol to define the exact points where the temperature values were collected was
produced and used for each designated area. These protocols were different for birds and
mammals, considering differences in facial morphology. Below is an image (Image 1) giving an

example of this.
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Image 1: Image of a hedgehog showing the points where temperature was measured from a picture taken directly
from the front. This image shows all the temperature points in the study: snout temperature, center of the head (the

point between the eyes), and the eye temperature of both eyes.

3.4. Statistical analysis

The data were analyzed using general linear models (GLM) as implemented in the software R (R
Core Team 2021) using package Ime4 (Bates et al. 2015). Based on the quantitative and qualitative
differences in both the data and participating individuals and species, the birds and mammals were
analyzed as separate categories and were not compared with each other. Only the data collected
from images before and after the examination were analyzed for this research. Before and after

data was hypothesized to possibly show effects related to the function of the ANS.

To answer the question whether there were differences between pain and non-pain patients I

constructed the following models.

Model 1.1: This model was constructed for birds. The response variable was the mean temperature
as measured from the crown of the head. Predictive variables were time (before or after
examination) and pain status (pain, no pain, unclear) and age. Individual identity as well as species
were fitted as a random variable to account for correlated observations.
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Model 1.2: This model was constructed for mammals. The response variable was the mean
temperature as measured from the crown of the head. Predictive variables were the species, time
and pain status, and age as above. Individual identity was fitted as a random variable to account

for correlated observations.

Model 2.1: This model was constructed for birds. The response variable was the mean temperature
as measured from the axis of the beak. Unlike for the variables used in other models, the beak
temperature was measured with a line instead of a circle, due to the whole beak instead of only the
tip of it being relevant area to our study. Predictive variables were time, pain status, and age.
Individual and species identity were fitted as a random variable to account for correlated

observations.

Model 2.2: This model was constructed for mammals. The response variable was the mean
temperature as measured from the tip of the snout (differently from the beak temperature in Model
2.1). Predictive variables were time, pain status, age, and species. Individual identity was fitted as

a random variable to account for correlated observations.

Model 3.1: This model was constructed for birds. The response variable was the maximum
temperature as measured from the eye area. Predictive variables were time, pain status and age.
Individual and species identity were fitted as a random variable to account for correlated

observations.

Model 3.2: This model was constructed for mammals. The response variable was the maximum
temperature as measured from the eye. Predictive variables were time, pain status, age, and species.

Individual identity was fitted as a random variable to account for correlated observations.

For the models constructed for mammals, species was a predictive variable, as individuals from
only three species were included and fitting species identity as a random term would have caused
problems in the model. For birds, species was fitted as a random variable, due to the larger number
(N=15) of bird species admitted as patients. To test whether the effect of pain status depended on
time, | initially fitted an interaction between time and pain status in all models; where

nonsignificant, this was removed to allow for significance testing of the main terms.
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The significance of the terms was determined using likelihood ratio tests (LRT) which compare
the model to that where the term in question has been removed. I used p = 0.05 as the significance

threshold.

16



4. Results

4.1. Crown of the head
4.1.1. Crown temperature of birds

For this, I used Model 1.1. When looking at the mean temperature of the crown of the head for

birds, I found that there was a statistically significant interaction between pain and time (x* =
7.5672, p =0.02274; Table 2).

Head, birds, time * pain

fixed effects Bts.e. x* p-value

(intercept) 30.327 + 1.403

age (young) 0.612 +£1.294

time (after) -0.586+0.121

pain status (pain) -0.285+ 1.598

pain status (NA) -0.685 +1.301

time (after) : pain status (pain) 0.422 + 0.198

time (after) : pain status (NA) -0.12+ 0.176

age 0.139 0.709 non-sig
time : pain status 7.567 0.0227 significant

Number of obs: 142, groups: 1D, 46; species, 12

Table 2: Results from the GLM investigating head temperature of birds as measured from the crown of the head.

There is a significant interaction between time (before or after examination) and pain status.
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Figure 1. A boxplot of the raw data of the crown temperatures of birds with the interaction of time and pain. The Y
axis is the temperature in Celsius degrees.

To find out which pairwise differences between pain status and time points were significant, the
different levels were compared using a post-hoc test, and I found out that for both unclear (f =-
0.550 = 0.110, p < 0.001) and non-pain (B = -0.705 = 0.121, p < 0.001) patients there was a
significant difference between the temperatures of head before and after the examination; for pain

patients, the difference was not significant ( =-0.206 + 0.121, p =1).

These differences look similar on the Figure 1 above, which is a plot drawn from the raw data and
thus differs from how data is analyzed through my model. For the patients with pain, the median
temperature of all patients before and after changed the least as compared to the groups of other
patients. For both unclear and non-pain patients, the median temperature of all patients after the
examination was lower than it was before the examination. This is not directly comparable to the

results of the model but demonstrates the same phenomenon as the results from the model.

4.1.2. Crown temperature of mammals

For this, I used Model 1.2. Looking at the mean temperatures of crown of the head temperature of
mammals, the interaction of pain and time was nonsignificant, and I removed this from the final
model, to be able to test the significance of the main terms. As visible from the Table 3 below,
time (4.7, p = 0.03) and age (x*> = 4.194, p = 0.06) were significant factors, and pain status (x*>=

4779, p = 0.0916) was near significant. = Species was  nonsignificant.
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Head, mammals, no interactions
fixed effects

(intercept)

age (young)

time (after)

pain status (pain)

pain status (NA)

species (squirrel)

species (hedgehog)

pain
time
age
species

Number of obs: 28, groups: ID, 10

Bts.e. X
344+ 2.014
-3.727 £ 2.584
-0.273 £0.359
-2.219+ 1.543
0.463 + 2.294
3.163 +£3.316
0.246 +2.585

p-value

4.779 0.0916 near sig
4.7  0.0301 significant

4,194  0.0405 significani
3.26 0.195 non-sig

Table 3: Results from the GLM investigating the head temperature of mammals without interaction between time and

pain status. Note that species here is a fixed parameter. The intercept species in question is European rabbit.

Time

Crown of the head
Age
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Adult Juvenile

Figure 2. Box plots drawn from the raw data of mammals, from the crown of the head temperature. Left is a plot of

time, and right is a plot of age.
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Raw data box plots in Figure 2 give interesting further insights. On the plot of the temperature of
all patients before and after the examination, the median of the crown temperature was higher prior
to examination, whereas after examination it had lowered. On the plot that shows the difference
between the two age groups, adult and juvenile, it shows that adults have less variation and a higher

median, whereas juveniles have a lot of variation and lower median.

4.2. Snout & beak

4.2.1. Beak temperature of birds
For this, I used model 2.1. For birds, I analyzed beak temperatures as above; the interaction of

time and pain was significant (x*= 18.723, p <0.001; Table 4).

Beak, birds, time * pain

fixed effects Bts.e. x* p-value

(intercept) 28.046 £1.815

Pain status (pain) 1.392+ 1.996

Pain status (NA) -0.380+ 1.579

Time (after) -0.040 + 0.232

Age (young) -1.517+ 1.526

Pain status (pain) : time (after) -1.58+ 0.380

Pain status (NA) : time (after) -1.109+ 0.337

age 1.084 0.298 non-sig
time : pain status 18.723  <0.001 significani

Number of obs: 142, groups: ID, 47; species, 12

Table 4: Results from the GLM investigating the beak temperature of birds. There is a significant interaction between

time (before and after) and pain status.

To find out which pairwise differences were significant, I used a post-hoc test as above. The
difference between the temperature after and before examination was significant for both pain

patients (p =-1.618 + 0.299, p <0.001) and non-pain patients (B =-1.149 + 0.244, p <0.001).
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Figure 3. A boxplot of the raw data of the beak temperatures of birds with the interaction of time and pain. The Y
axis is the temperature in Celsius degrees.

Based on the Figure 3 above it would seem like there is also a difference between the temperatures
of unclear patients. This is due to the plot being drawn directly from the raw data which only gives
a median value of all temperature values. The model considers several factors simultaneously, as
well as corrects for correlated values within species and individuals; Thus, this visually clear
difference is nevertheless statistically nonsignificant, due to the model analyzing the data in a more

complex way than what can be seen in a raw data boxplot.

4.2.2. Snout temperature of mammals

For this, I used Model 2.2. Including the interaction between time and pain, all factors were
significant (see Table 5 below), the interaction between time and pain status explaining most of
the variation in the data (x>=33.209, p<0.001; see Table 5). I used the Tukey post-hoc test and
found that the significant differences in the after and before temperatures were for pain patients
(B= -0.531£ 0.171, p = 0.165) and unclear patients (B= 2.595+ 0.296, p <0.001). Note that the
baseline value on these calculations was the "after"-temperature, meaning that the after
temperature for unclear-patients was higher than the before temperature, so there was a rise in
temperature. Whereas, for the pain patients, the after temperature was lower than the before-

temperature, so there was a decrease in temperature.
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Snout, mammals, time * pain

fixed effects Bts.e. X p-value

(intercept) 36.3+3.154

Pain status (pain) 0.912+2.431

Pain status (NA) 2.569 £ 3.598

Time (after) 2.601+ 0.296

species (squirrel) -0.055+£5.192

species (hedgehog) -5.898 * 4.051

Age (young) -8.014 +4.047

Pain status (pain) : time (after) -3.135% 0.342

age 6.837 0.008 significan
species 7.039 0.029 significan
time : pain status 33.208 <0.001 significan

Number of obs: 28, groups: 1D, 10

Table 5: Results from the GLM investigating the snout temperature of mammals with the interaction of time and pain.
There is a significant interaction between time (before and after) and pain status; also, age and species are statistically
significant factors.

As can be seen on the Figure 4 below, drawn from raw data, the reason for why there were no
significant results for patients with no pain was a lack of data: there were only two mammal
patients with no pain, and the after-examination snout temperature was not collected from either
of them. Both patients were juvenile red squirrels, and their before-examination snout temperatures
were the same: 30,8 Celsius degrees both. Due to the lack of these values, no conclusions can be
drawn as to potential differences between pain and non-pain patients, and therefore I will not

include these results in the discussion.
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Figure 4. A boxplot of the raw data of the snout temperatures of mammals with the interaction of time and pain. The
Y axis is the temperature in Celsius degrees.

4.3. Eye & eye area

The last analyzed temperature was the eye temperature. For birds, the collected temperature was
maximum temperature of the eye area. For mammals, the collected temperatures were the
maximum temperatures of eyes. These differences of points were decided based on anatomical
differences between birds and mammals, e.g., birds having a thinner skull due to which the
temperature changes are noticeable from a larger area near the eye — whereas for mammals, the
skull is thicker and thus the subtle changes of peripheral temperatures are much more visible from

the eye, more specifically the corner of the eye (as noted for example by Stewart et al. 2008).

4.3.1. Eye area temperature of birds

For this, [ used Model 3.1. For birds, when tested with the interaction between time and pain, none
of the tested terms were significant predictors of the eye area temperature. After removing the
nonsignificant interaction, time was found to be a significant factor (x> = 9.937, p <0.001; see

Table 6).
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Eye, birds, no interactions

fixed effects B+s.e. x? p-value

(intercept) 32.631 +1.253

time (after) -0.614 £ 0.193

pain status (pain) 0.387 +1.338

pain status (NA) -0.189 + 1.091

age (young) 0.311 + 1.093

pain 0.043 0.978 non-sig
time 9.937 0.001 significant
age 0.042 0.835 non-sig

Number of obs: 140, groups: 1D, 47; species, 12

Table 6: Results from the GLM investigating eye temperatures of birds, no interactions.

Birds Mammals
w
©
R N PR
) H H
™ ] ]
i il —
© ——
(7] ]
7 —_
3 -
3 :
o~ H
© .
o : :
© ! P
' o
' M ©
o :
@ ! :
' : o _|
' H o~
® _| 3 '
o~ : !
— : © |
' o~
o _| _
o~ ° ° o
T T T T T
Before After Unclear  Pain No pain
Time Pain status

Figure 5. A raw data plot of eye temperatures for both birds and mammals. Left shows values before and after
examination for birds as time was statistically significant predictor, right is a plot of pain status for mammals, as this

was statistically significant predictor of eye temperature in mammals.
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Looking at the left side panel of Figure 5, a raw-data plot of time parameter for bird eye
temperatures, it seems that the median of the temperature values of all patients was higher prior to

examination and lower after the examination.

4.3.2. Eye temperature of mammals

For this, I used Model 3.2. For mammals too the time-pain interaction was nonsignificant, and the
model was changed to not include this interaction. Pain was found to be a significant predictor (x*
=7.248, p = 0.026), age was near significant (x> = 3.504, p = 0.061) time and species were both

nonsignificant as seen on Table 7 below.

Eye, mammals, no interactions

fixed effects B*s.e. x? p-value
(intercept) 36.2 +1.885

time (after) -0.931 £ 0.924

pain status (pain) -2.477 +1.346

pain status (NA) 1.006 + 2.300

age (young) -3.264 + 2.326

species (squirrel) 3.558 + 3.228

species (hedgehog) 0.641 + 2.388

time 0.746 0.387 non-sig
pain 7.248 0.026 significant
age 3.504 0.061 near sig
species 2.926 0.231 non-sig

Number of obs: 28, groups: ID, 10

Table 7. Eye temperatures of mammals, no interactions.

Looking at the Figure 5 above, the eye temperature median for all patients seemed to be the lowest
for pain patients. Similar results can be seen on Table 7, suggesting that pain patients had the

lowest temperature value, as compared to other patient groups.
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5. Discussion

In this thesis I investigated thermal patterns in patients of the Korkeasaari Wildlife Hospital with
pain, without pain, and those whose pain status was unclear. The main question at the heart of my
thesis was whether we could use thermal imaging to detect if animals are experiencing pain or not,
based on differences in surface temperatures of the head area between pain and non-pain patients.
My hypothesis was that the experience of pain would change the surface temperature of certain
skin areas of the head, and that this could be detected with a thermal camera. My purpose was to
investigate whether there is a change of surface temperature in the designated areas between before
and after the examination and whether pain-patients differ in their surface temperature of non-pain
patients, and if they do, what is this difference like. My results did not unequivocally support this
hypothesis, but some potentially promising indicators for pain were found, which I will next
discuss. However, one interesting discovery was that across all patient groups, a drop in the
peripheral temperatures was common. It is likely that this is due to a change in the activation of

the autonomic nervous system, but the exact mechanism is unknown.

5.1. Birds

There was a statistically significant interaction between pain and time for the crown of the head
temperature of birds, meaning that head temperature changed with examination differently in
patients depending on their pain status. I found that patients with an unclear- or no-pain-pain status
had a statistically significant change in their before- and after-examination temperatures. For both
classes of patients, the temperature dropped. This could be due to a different baseline activation of
the sympathetic nervous system between the unclear and no-pain patients versus pain patients: it
is possible that the temperature had already dropped prior to the examination for pain patients —
possibly due to pain — resulting to no further drop during the examination. The crown temperature
might be a more reliable indicator of SNS activation for birds than it is for mammals, due to the
skull of birds being thinner and thus possibly being able to better show the intricate changes of

peripheral temperatures.

For beak temperatures too, the interaction between time and pain was significant. I found that both

pain- and non-pain patients had statistically significant changes in their beak temperatures,
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whereas unclear patients did not. Both pain- and non-pain patients had a drop in the beak

temperature after the examination as compared to the temperature prior the examination.

For eye temperature of birds, there was no interaction between time and pain, but time per se was
found to be a significant factor. According to the statistical analysis, temperature was higher prior
to the examination and lower after it. This observation however cannot be used to answer the study
question about temperature differences between pain- and non-pain patients, but could be

interesting for further studies, for example when looking at effects of handling.

Two studies were concluded by Edgar et al. (2011 & 2013) that measured the head area surface
temperatures of hens in relation to stressful situations. The first study (Edgar et al. 2011) found a
drop in eye temperature following the stressful situation, which is similar to the drop in eye
temperature that I found with examination. The second study (Edgar et al. 2013) found that there
was a significant drop in the comb temperature and an initial drop in eye temperature followed by
a rise over baseline following the stressful situation. The rise was recorded 20 minutes after the
handling, and thus cannot be compared with my results that are only based on the immediate
moment following the procedure. The changes over a longer period, e.g., 20 minutes or longer, is

a relevant topic for further studies.

In the study by Edgar et al. (2013) the main reason for the initial drop in temperature was thought
to be stress-induced hyperthermia. It is a phenomenon characterized by an increase in core body
temperature and a decrease in the surface temperature. Most likely, this phenomenon is due to
vasoconstriction. During vasoconstriction, the blood is redistributed to e.g., muscles and brain,
which might result to a decrease in surface temperature. The phenomenon is thought to be caused
by emotional stress. (Edgar et al. 2013). This might also be one of the reasons for my similar
results, too; however, in my study the core temperature was not recorded, and this information

would be necessary to define the phenomena as stress-induced hyperthermia.

The studies by Edgar et al. are drastically different from my main question in that they are not
comparing animals in pain with animals without pain. However, I think both these studies and my
research show that stressful situations, such as human handling of an animal, affect the surface
temperatures of facial areas in birds, and that the imminent change (over the first 1-5 minutes)

seems to be a drop in the temperature. Similarity of results between my research and the research
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by Edgar et al. also seems to indicate that the temperature changes seem to be similar, no matter

the species or if the bird in question is caged or wild.

My most relevant finding was that birds with pain had no significant change of the crown
temperature before and after examination, whereas birds with no pain or with an unclear pain status
had a drop in this temperature. This might indicate that the baseline sympathetic activation of pain
patients was higher, due to which the changes caused by the stressful examination situation are not
as visible as they are for other patients. However, this effect was only visible with the crown

temperature, but not with beak- or eye temperature.

What is clear from all these results is that in each of these measures — crown, beak, and eye — there
was usually some sort of drop in temperature after the examination for some patients. These results
did not show unambiguously that these changes would be different between pain- and non-pain
patients, but there is a slight indication that the temperature changes, at least as measured from the
crown of the head, could be lesser in pain patients as compared to others. This does support my
hypothesis that the temperature changes would somehow differ between pain- and other patients,

but needs much further investigation before any statements of its relevance can be made.

5.2. Mammals

For mammals, there was no statistically significant interaction between pain and time for the crown
temperature, meaning that patterns of temperature change during examination did not differ
between pain- and non-pain patients in this measure. After removing this interaction from the
model, I found that time and age were significant predictors of crown temperature. I found that the
median crown temperature of all patients was higher prior to examination as compared to after.
This might indicate that for mammals too, as seems to be the case with birds, crown temperature
drops following the stressful examination situation. I also found that the median crown temperature
of adults was higher than that of juveniles. Juveniles also had more variation of temperature than
adults. The mammal sample of patients included 5 adults, and 8 juveniles; there were both
juveniles and adults of hedgehogs and squirrels, and the one rabbit included in the study was an
adult. With this variation inside the sample and a relatively small sample size, it is not possible to
unequivocally say whether these differences could be indeed due to age, and not for example due

to the differences between either species or the individuals, or both.
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It is possible to hypothesize that the differences between age groups in mammals could also be
due to animals experiencing the situation differently during different phases of age. The study
showed that juvenile mammals had more variation across their crown temperature values
compared to adults. It is possible that a juvenile animal experiences the world differently to some
extent than an adult, like how a child experiences the world differently to an adult in humans, too.
This is at least partly due to the different developmental status of the nervous system. I cannot go
further in this hypothesis without further studies, but the observed differences between adults and
juvenile animals and the connection of this to the development of nervous system should be

explored in the further studies.

As I mentioned above, in the context of mammals I will not discuss further the snout temperatures,

as I found out that the data was insufficient for reliable analysis.

Regarding the eye temperature, the time-pain interaction was nonsignificant and pain per se was a
significant parameter: the eye temperature was lowest for pain patients, as can be seen in the results
(Table 6). This is not directly relevant for our study question, but still an interesting suggestion, as
it might be related to the higher baseline sympathetic activation of pain patients versus other

patients, irrespective of examination.

For example, in a study by Stubsjeen et al. (2009) of using thermal imaging to assess pain in sheep,
it was found that both in painful procedures and in stressful-but-not-painful sham-procedures the
eye temperature decreased. However, a study by Stewart et al. (2010) investigated how castration
pain affects the maximum eye temperature of calves. Study consisted of controls that were not
castrated but went through a stress- but not pain-inducing sham procedure, calves that were
castrated without anesthesia, and controls that were given anesthesia and went through the sham
procedure and lastly calves that were castrated with local anesthetic. For both groups that went
through castration, the eye temperature had risen almost a degree five minutes after the procedure.
(Stewart et al. 2010). The differing results of these prior studies suggest that there is still much to
do in the field of using thermal imaging to assess pain in mammals, and I think if something this

is also what my results suggest, too.
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5.3. Distinguishing stress from pain

One of the questions I brought up in the introduction was that it is both difficult to differentiate
between positive and negative states based on the activation of sympathetic nervous system and
the peripheral temperatures related to it and detected by the thermal camera, and between different
negative states, e.g., stress or fear versus pain. In this research, all the patients were wild animals.
For this reason, the mere presence of humans, especially with the addition of being in a new place
and in a completely new situation (being examined by a human in the hospital), is most likely very
stressful to the animal, no matter which animal is in question, and no matter what their pain status
is. Thus, it can be assumed that all or most of the patients in the study were already under a
tremendous stress. This situation can be expected to be the same for both pain- and non-pain
patients. Due to this, if there is a stress effect on the peripheral temperatures measured, it should
be similar across all patients. This reinforces the thought that the temperature differences between
pain- and non-pain patients could be indeed caused by pain. As pain is inherently related to stress
in its effects on the body (e.g. they both can activate the same hormone-releasing pathways, as
explained in the introduction), it is also possible that the pain the patients experience might make
them interpret the examination situation more negatively than the patients with no pain interpret
it: this is an argument that aligns with the suggestion of Mendl et al. that chronic stress makes
animals interpret ambiguous stimuli negatively, whereas wellbeing makes them interpret it more

positively (Mendl et al 2009).

How could stress be distinguished from pain by the means of thermal imaging, for example? We
are still far from having a univocal answer to this question. Some of my results suggests that the
baseline peripheral temperature of animals in pain could be different from that of those not in pain,
and this could be due to differences in baseline sympathetic activity. Investigating further the
relation of these baseline peripheral temperatures to pain status is one future direction to take.
However, how this should be done and by what parameters needs further investigation. It cannot
be suggested that there would be a pattern that could be recognizable across all animals
experiencing pain, and it is important to not make suggestions too hastily in the first place, as this
could result in making suggestions that do the contrary of helping the patients. If we suggest that
some type of activation (e.g., a certain type of temperature value or pattern) is always present along

with pain, we simultaneously suggest that pain would not be present without this type of activation.
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This thought itself might conflict with the definition of pain as suggested by IASP (Raja et al.
2020; see Text boxes 1 & 2 in the introduction), including the additional note: “Pain and
nociception are different phenomena. Pain cannot be inferred solely from activity in sensory
neurons” (Raja et al. 2020). Thus, we cannot ever be certain of presence or absence of pain based
solely on measures done from the outside. What we can possibly detect by thermal imaging is
some sort of difference in the activation of the autonomic nervous system, and we might be able
to detect whether this activation is of sympathetic or parasympathetic nature — all further
suggestions are too early and might pose the risk of a slippery slope argument towards biological

essentialism (e.g., the thought that pain would always come with biological markers of some sort).

My proposal for further studies would be to investigate with larger sample sizes, and perhaps with
more homogenous groups of animals (e.g., one species at a time and then see how the results
compare with the other species) that were not possible to collect with my limited research time.
The relationship between the differences in baseline temperatures and the lack of change in
temperatures with examination (as suggested by my results with the crown temperature of birds)
should also be investigated further. However, I also suggest that the hypothesis that thermal

imaging could be used to detect pain is taken with much caution.

5.4. Final conclusions and future suggestions

In this study, I found that rather than showing clear patterns between pain patients as compared to
other patients, results varied across measurement points and taxa. One clear pattern that was
repeated across my results was that there was a decrease of temperature after the examination as
compared to before the examination, both in birds and mammals, and in patients regardless of pain
status. This is a result that is supported by prior research, too (see e.g., Edgar et al 2011 & 2013,
Stubsjeen et al 2009) and consistent with the idea that handling stress causes a reduction in
peripheral temperature. To investigate whether this phenomenon is stress-induced hypothermia,

the core temperature of animals would need to be measured — but this was not done in my study.

As only before and after temperatures from within relatively close events were compared to each
other, this reduces the significance of many possible error sources: even if there were error sources
present, mostly they can be thought to only add random noise, as all recording was done with the

same camera settings, and only values that were collected in the same situation but from different
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time points were compared. In the future studies where data does not consist only of before and

after temperature values, the error sources must be considered more cautiously.

To develop thermal imaging as a technique to detect pain in animals — wild or not — a lot of baseline
work still needs to be done: not only with thermal imaging, but also with the questions we choose
to ask. The hypothetical difference between the sympathetic activation as reflected by the
peripheral temperatures of facial areas, between those animals who are in pain and who are not,
was not univocally indicated by my results. I think the questions that should be asked in the future
thermal imaging research should be about: what kind of peripheral temperature differences can be
detected in the first place, and what physiological processes we can assume to be behind these
differences. This should be done without qualitative assumptions, e.g., assuming the activation of
the sympathetic nervous system to be associated with either negative or positive feelings. As
suggested by Proctor et al. (2015), peripheral temperatures could be similarly affected by positive
and negative emotional states. Pain is not simply a physiological process and cannot be reduced to
one: this statement alone shows that pain cannot be detected unquestionably with means that are

based on measuring the physiological phenomena only.

5.5. Contextualizing my study in the field of pain research and animal welfare

One thing this study has shown is that recognizing pain by scientific tools is difficult. Yet trying
to find means to do so is of immense importance. As we gain more tools to make visible the things
that often go ignored, such as pain, agony and suffering that animals go through in different

contexts, the more we gain tools to show that these things are real, and that these things matter.

Recognizing pain only takes us part way — we also need to find ways of reducing or preventing its
occurrence. One obvious approach to avoiding pain is to eliminate the procedures that cause it, but
the practicality of this option will depend upon the purpose of the procedure and the availability
of feasible alternatives. We can also prevent injury and disease that cause pain or minimize the

effects by finding better methods for early diagnosis and treatment (Vifiuela-Fernandéz 2005).

The ability of animals to feel pain is still a matter that doesn't go unquestioned, the question of
whether animals are capable of feelings is a conversation that has been going on perhaps as long
as human life has (Proctor 2012). The capability of animals to feel pain and suffering has been

recognized by many notable thinkers and scientists throughout the history, but questioned by at

32



least as many - e.g., Descartes, who claimed that animals were automata like machines (Proctor
2012). Yet many — such as some ancient thinkers like Hippocrates and Pythagoras, and later

Darwin — were known advocates for making animal suffering recognized & minimized.

The problem remains that we simply cannot know, unquestionably, what the other is feeling. This
goes both for humans and other animals, and it becomes increasingly difficult if the other is unable
to communicate their feelings. According to Helen Proctor (2012), the subjective manner of both
perceiving and experiencing emotion has resulted to the sentience of animals being often described
as an anthropomorphic assumption, which results to the undervaluing of its credibility as a science
(Proctor 2012). Even if we can use neuroscientific tools to match certain brain areas with certain
feelings, we are unable to make a straightforward causal links for example because feelings can

be felt without expressing them, and, on the other hand, the categories of feelings overlap.

The assumption of being able to measure feelings based on cortical activity can be questioned, too.
Antonio & Hanna Damasio (2016) have talked about how even in humans it is evident that
"subcortical structures and even the peripheral and enteric nervous system appear to make
important contributions to the experience of feelings." (Damasio & Damasio 2016, 3). This
suggestion implies that feeling emotions is itself a complex, embodied matter, and measuring
cortical activity or any other physiological activity as a tool to recognize affective states is limited

and comes with some issues.

From this argument by Damasio & Damasio, I Imply two points. First, we should be wary of
making assumptions about feelings or emotions based on any scientific method that uses
physiological markers, especially when it comes to animals. This does not mean that developing
techniques based on such markers would not be important or necessary to improve the state of
animal welfare, but it is important to state that in trials to develop such techniques we should
remain cautious and aware of the issues we might face. Second, for this reason it becomes
extremely important to develop tools to detect pain that not only consider the brain, but the body

as a whole, and as a complex ensemble in which everything is connected.

This thesis consists of a study that only includes wild animals as subjects. Most of the animal
welfare studies consist of considering the welfare of farm or companion animals (e.g., Veit et al.

2021). Browning and Veit (2021) argue that often the distinction between captivity and freedom
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is overstated in the context of animal welfare, and there is no intrinsic difference between wild and
captive animals (Browning and Veit 2021). The data available to us mostly consists of captive
animals. Thus, studies such as this where data is gathered of wild animals without producing them
additional stress or harm, are important: in this way, we can learn about those animals in the world
around us with whom we usually do not have direct interactions. It’s of utmost importance that we
keep things this way — avoiding direct interactions with wild animals as much as possible — but
situations where we are given the opportunity to help wild animals directly, such as is done at the
Wildlife Hospital, we also have the opportunity to learn about the new ways we could be able to

help them in the future.

Increasing knowledge about pain and its effects on the body gives us better premises to both
understand pain as a phenomenon and treating it, especially in animals (Vifiuela-Fernandez et al.
2007). Based on the current knowledge about physiology and emotion, it can be stated that there
is a link between how we feel and what happens in our bodies — and this same statement can and
should be extended to animals, too. Thermal imaging is one of the tools we can continue to explore

and develop to assess this link, and to investigate its meaning.

34



Sources

Bates D, Méchler M, Bolker B, Walker S (2015). Fitting Linear Mixed-Effects Models Using Ime4.
Journal of Statistical Software, 67(1), 1-48.

Brown AC, Powell JG, Kegley EB, Gadberry MS, Reynolds JL, Hughes HD, Carroll JA, Burdick
Sanchez NC, Thaxton YV, Backes EA, Richeson JT. Effect of castration timing and oral meloxicam
administration on growth performance, inflammation, behavior, and carcass quality of beef calves. Journal
of animal science 2015, 93: 2460-2470. doi: 10.2527/jas.2014- 8695

Browning, H. and W. Veit (2021). Freedom and animal welfare. Animals 11(4), 1148.

Cannas, S., Palestrini, C., Canali, E., Cozzi, B., Ferri, N., Heinzl, E., ... Dalla Costa, E. (2018).
Thermography as a Non-Invasive Measure of Stress and Fear of Humans in Sheep. Animals, 8(9), 146.
doi:10.3390/ani8090146

Damasio, A. and Damasio, H. (2016) Pain and other feelings in humans and animals. Animal
Sentience 3(33) DOI: 10.51291/2377-7478.1064

Dezecache G, Zuberbiihler K, Davila-Ross M, Dahl CD. 2017 Skin temperature changes in wild
chimpanzees upon hearing vocalizations of conspecifics. R. Soc. open sci. 4: 160816.
http://dx.doi.org/10.1098/rs0s.160816

Edgar, J. L., Lowe, J. C., Paul, E. S., & Nicol, C. J. (2011). Avian maternal response to chick
distress. Proceedings of the Royal Society B: Biological Sciences, 278(1721), 3129-3134.
doi:10.1098/rspb.2010.2701

Edgar, J. L., Nicol, C. J., Pugh, C. A., & Paul, E. S. (2013). Surface temperature changes in response
to  handling in  domestic  chickens.  Physiology @&  Behavior, 119,  195-200.
doi:10.1016/j.physbeh.2013.06.020

Ermatinger, F. A., Briigger, R. K., & Burkart, J. M. (2019). The use of infrared thermography to
investigate =~ emotions in common  marmosets. Physiology & = Behavior, 112672.
doi:10.1016/j.physbeh.2019.112672

Foster, S., & ljichi, C. (2017). The association between infrared thermal imagery of core eye
temperature, personality, age and housing in cats. Applied Animal Behaviour Science, 189, 79-84.
doi:10.1016/j.applanim.2017.01.004

Gormally, B. M. G. ja Romero, L. M. 2020. What are you actually measuring? A review of
techniques that integrate the stress response on distinct time-scales. Functional Ecology 34: 2030-2044.

Hill, R., Wyse, G., Anderson, M. Animal Physiology. Oxford University Press 2017.

Jerem, P., Herborn, K., McCafferty, D., McKeegan, D., & Nager, R. (2015). Thermal Imaging to
Study Stress Non-invasively in Unrestrained Birds. Journal of Visualized Experiments, (105).
doi:10.3791/53184

Kalso E, Haanpiaid M, Hamunen K, Kontinen V, Vaini A, Aho H. Kipu. Kustannus Oy Duodecim,
Helsinki 2018.

Kreibig, S. D. (2010). Autonomic nervous system activity in emotion: A review. Biological
Psychology, 84(3), 394-421. doi:10.1016/j.biopsycho.2010.03.010

Kuraoka, K., & Nakamura, K. (2011). The use of nasal skin temperature measurements in studying
emotion  in  macaque monkeys. Physiology & Behavior, 102(3-4), 347-355.
doi:10.1016/j.physbeh.2010.11.029

35



Ludwig N., Gargano M., Luzi F, Carenzi C., Verga M. (2003). TECHNICAL NOTE:
APPLICABILITY OF INFRARED THERMOGRAPHY AS A NON INVASIVE MEASUREMENT OF
STRESS IN RABBIT. World Rabbit Sci. 2007, 15: 199 - 206

Lynn B. 1994 The fibre composition of cutaneous nerves and the classification and response
properties of cutaneous afferents, with particular reference to nociception. Pain Rev. 1, 172—183.

McCafferty, D. J. 2007. The value of infrared thermography for research on mammals: previous
applications and future directions. Mammal Review 37: 207-223.

Mendl, M., Burman, O. H. P., Parker, R. M. A. ja Paul, E. S. 2009. Cognitive bias as an indicator
of animal emotion and welfare: Emerging evidence and underlying mechanisms. Applied Animal
Behaviour Science 118: 161-181.

Mirra A, Spadavecchia C, Bruckmaier R, Gutzwiller A, Casoni D. Acute pain and peripheral
sensitization following cautery disbudding in 1- and 4-week-old calves. Physiology &
Behavior 2018, 184:248-260. doi: 10.1016/j.physbeh.2017.11.031.

Moe, R. O., Stubsjgen, S. M., Bohlin, J., Flg, A., & Bakken, M. (2012). Peripheral temperature
drop in response to anticipation and consumption of a signaled palatable reward in laying hens (Gallus
domesticus). Physiology & Behavior, 106(4), 527-533. doi:10.1016/j.physbeh.2012.03.032

Proctor, H. Animal Sentience: Where Are We and Where Are We Heading?. Animals 2012, 2, 628-
639; do0i:10.3390/ani2040628

Proctor, H. S., & Carder, G. (2015). Nasal temperatures in dairy cows are influenced by positive
emotional state. Physiology & Behavior, 138, 340-344. doi:10.1016/j.physbeh.2014.11.011

Raja SN, Carr DB, Cohen M, Finnerup NB, Flor H, Gibson S, Keefe FJ, Mogil JS, Ringkamp M,
Sluka KA, Song XJ, Stevens B, Sullivan MD, Tutelman PR, Ushida T, Vader K. The revised International
Association for the Study of Pain definition of pain: concepts, challenges, and compromises. Pain. 2020
Sep 1;161(9):1976-1982. doi: 10.1097/j.pain.0000000000001939. PMID: 32694387; PMCID:
PMC7680716.

Rekant, S. 1., Lyons, M. A., Pacheco, J. M., Arzt, J. ja Rodriguez, L. L. 2016. Veterinary
applications of infrared thermography. American Journal of Veterinary Research 77: 98—107.

Riemer, S., Assis, L., Pike, T. W., & Mills, D. S. (2016). Dynamic changes in ear temperature in
relation to  separation distress in  dogs. Physiology &  Behavior, 167, 86-91.
doi:10.1016/j.physbeh.2016.09.002

Ring, E. F. J. (2006). The historical development of thermometry and thermal imaging in medicine.
Journal of Medical Engineering & Technology, 30(4), 192—198. doi:10.1080/03091900600711332

R Core Team (2021). R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria.

Sjaastad O, Hove K, Sand O. Physiology of domestic animals. Scandinavian Veterinary Press,
Oslo 2010.

Sneddon LU. 2019 Evolution of nociception and pain: evidence from fish models. Phil. Trans. R.
Soc. B 374: 20190290. http://dx.doi.org/10.1098/rstb.2019.0290

Stewart M, Webster J R, Schaefer A L, Cook N J and Scott SL (2005). Infrared thermography as a
non - invasive tool to study animal welfare. Animal Welfare 14, 319-25

36



Stewart, M., Webster, J. R., Verkerk, G. A., Schaefer, A. L., Colyn, J. J., & Stafford, K. J. (2007).
Non-invasive measurement of stress in dairy cows using infrared thermography. Physiology & Behavior,
92(3), 520-525. doi:10.1016/j.physbeh.2007.04.034

Stewart, M. & Schaefer, A.L. & Haley, Derek & Colyn, J. & Cook, Nigel & Stafford, Kevin &
Webster, James. (2008). Infrared thermography as a non-invasive method for detecting fear-related
responses of cattle to handling procedures. Animal welfare (South Mimms, England). 17. 387-393.

Stewart, M., Webster, J. R., Stafford, K. J., Schaefer, A. L., & Verkerk, G. A. (2010). Technical
note: Effects of an epinephrine infusion on eye temperature and heart rate variability in bull calves. Journal
of Dairy Science, 93(11), 5252-5257. (1)

Stewart, M., Verkerk, G. A., Stafford, K. J., Schaefer, A. L., & Webster, J. R. (2010). Noninvasive
assessment of autonomic activity for evaluation of pain in calves, using surgical castration as a model.
Journal of Dairy Science, 93(8), 3602—3609. (2) doi:10.3168/jds.2010-3114

Stubsjeen, S. M., Flg, A. S., Moe, R. O., Janczak, A. M., Skjerve, E., Valle, P. S., & Zanella, A. J.
(2009). Exploring non-invasive methods to assess pain in sheep. Physiology & Behavior, 98(5), 640—648.
doi:10.1016/j.physbeh.2009.09.019

Tattersall, G. J. (2016). Infrared thermography: A non-invasive window into thermal physiology.
Comparative Biochemistry and Physiology Part A: Molecular & Integrative Physiology, 202, 78-98.
doi:10.1016/j.cbpa.2016.02.022

Vainionpai, M., RAEKALLIO, M., Tuhkalainen, E., Hanninen, H., ALHOPURO, N., Savolainen,
M., ... Vainio, O. (2012). Comparison of Three Thermal Cameras with Canine Hip Area Thermographic
Images. Journal of Veterinary Medical Science, 74(12), 1539—1544. do0i:10.1292/jvms.12-0180 (1)

Vainionpad, M. H., Raekallio, M. R., Junnila, J. J., Hielm-Bjorkman, A. K., Snellman, M. P., &
Vainio, O. M. (2012). A comparison of thermographic imaging, physical examination and modified
questionnaire as an instrument to assess painful conditions in cats. Journal of Feline Medicine and Surgery,
15(2), 124-131. doi:10.1177/1098612x12463926 (2)

Viiuela-Fernandez I, Jones E, Welsh EM, Fleetwood-Walker SM. Pain mechanisms and their
implication for the management of pain in farm and companion animals. The Veterinary
Journal 2007, 174:227-239. doi: 10.1016/5.tvj1.2007.02.002

Veit, Walter and Browning, Heather (2021) Extending animal welfare science to include wild
animals. Animal Sentience 31(1) DOI: 10.51291/2377-7478.1675

Weary DM, Niel L, Flower FC, Fraser D. Identifying and preventing pain in animals. Applied
Animal Behaviour Science 2006, 100:64-76. doi: 10.1016/j.applanim.2006.04.013.

Zhang, C., Xiao, D., Yang, Q., Wen, Z. ja Lv, L. 2020. Review: Application of Infrared
Thermography in Livestock Monitoring. Transactions of the ASABE 63: 389-399.

37



