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SUMMARY

The aim of this study was to test the usefulness of thermal imaging in a clinical
setting as a part of wound healing evaluation after surgical procedures. Forty-one
client owned dogs and cats (thirty nine dogs and two cats) were included in the study
which was a part of another study investigating the effects of local anaesthetics on
wound healing. Thermal imaging and clinical assessment of the wound area was
performed approximately fourteen days after surgical intervention. Clinical
assessment was focused on evaluating wounds for signs of inflammation and
thermal interpretation investigated if there was a significant difference in temperature
between wound area and control area. The skin temperature in the wound area had
a significantly lower temperature than control areas. Comparison of results from
thermal image interpretation for correlation with clinical assessment of wound area
had no statistical significance. The controversial finding of a malignant tumour being
depicted as colder than surrounding tissue instead of warmer, which is described in
the literature, illustrates the need for further research to improve thermal imaging
diagnostic outcome in the oncology field. A potentially useful area for thermal
imaging in every day clinical practice may lie in monitoring the healing of bone
fractures but further studies are needed. The conclusion from this study was that
subjective clinical evaluations of surgical wounds two weeks post surgery provides
enough information for clinical decision making and thermal imaging is superfluous in
this context. The method should be evaluated within the timeframe of the
inflammatory phase to further explore its potentials in wound healing evaluation.



SAMMANFATTNING

Malet med denna studie var att utvardera den kliniska anvandbarheten av termografi
som metod for att utvardera sarlakning av kirurgiska sar i senare delen av
sarlakningsfasen. Fyrtioen privatagda hundar och katter (39 hundar och 2 katter)
inkluderades i studien som var en del av en annan studie dar effekten av
lokalbedtévningsmedel pa sarlakningen studerades. Cirka fjorton dagar efter
kirurgiskt ingrepp avbildades saromradet med varmekamera och en Kklinisk
beddmning utférdes i samband med detta. Den kliniska bedémningen utvarderade
narvaro- eller franvaro av inflammationstecken och saromradet jamfordes mot
kontrollomraden for eventuell temperaturskillnad i de termografiska bilderna. En
skillnad i hudtemperatur mellan sar och kontrollomraden sags, dar saret hade en
signifikant lagre temperatur an kontrollomraden. Jamforelse mellan resultat fran
varmekamerabilderna och klinisk beddmning av saromradet visade inte pa nagon
statistiskt signifikant korrelation. Det kontroversiella fyndet av en tumér som istéallet
for att avbildas som varmare an omgivande vavnad, i enlighet med vad tidigare
studier har visat, var kallare @&n omgivande vavnad visar pa behovet av vidare
forskning for att forbattra de diagnostiska majligheterna inom onkologi. Ett potentiellt
anvandningsomrade for varmekameran i den kliniska vardagen skulle kunna vara att
Overvaka frakturlakning men vidare forskning kréavs. Sammanfattningsvis bedémdes
anvandningen av varmekamera for att utvardera kirurgiska sar som overflodig vid
den tidpunkt som studerades da en subjektiv klinisk utvardering bedémdes tillrackligt
for att fatta kliniska beslut. Metoden bor utvarderas inom tidsramen for den
inflammatoriska fasen for att vidare utforska termografins anvéandbarhet vid
bedémning av sarlakning.
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INTRODUCTION

Inflammation is the body’s natural response to injury and has a crucial role in the healing
process (Eming et al., 2007). When performing surgical procedures a wound is intentionally
created when incising the skin and therefore the inflammatory process is triggered. The
normal healing process of a wound goes through three phases; inflammatory-, proliferative-
and maturity phase where the first two should roughly be finished approximately 14 days post
surgery and the last can proceed up to 18 months post surgery (Tobias & Johnston, 2012).

Suture removal is commonly scheduled approximately 14 days post surgery (Kladakis, 2014)
when the inflammatory response should already essentially have played its part and
epithelium covers the wound. A persistent high degree of inflammatory activity at this time
suggests a prolonged wound healing (Eming et al., 2007).

Signs of inflammation are heat, pain, redness, swelling and loss of function (Harari, 1993).
One of the challenges when evaluating inflammation is that there are few methods for
objective measurement. Pain can be difficult to assess and the perception of pain varies a lot
between individuals, which further complicates evaluation. For this reason protocols have
been developed to help create a basis for standardization in pain evaluation (Hellyer et
al.,2007). Redness and swelling would appear to be good candidates for objective
measurement but can sometimes present challenges by having diffuse outlining. Loss of
function in terms of healing of skin would be wound dehiscence, which can be measured
using a simple measuring tape. Heat might seem like the most difficult to evaluate but it has
shown a great potential when depicted with thermal imaging (Vainionpa4 & others, 2014).

Thermal imaging, also called thermography, depicts the infrared light emitted by all things
with a temperature above absolute zero (0 K, -273,15 C) and presents the different
temperatures in an image with a colour scale representing different temperatures (Carosena,
2012). With adapted software regions of interest (ROI) can be analysed giving the interpreter
information about maximum, minimum and average temperature within a defined area
(Meditherm Inc.).

This study aimed to evaluate the usefulness of thermography in a clinical setting as an
objective measurement for inflammation and delayed healing. The study was a part of another
study looking at the use of local anaesthetics in relation to complications in wound healing.

LITTERATURE REVIEW
Infrared radiation
Electromagnetic spectra

Heat, light and radiation are usually described using wavelength and frequency in a scale
called the electromagnetic spectra. Low frequencies have a greater wavelength and high
frequencies a shorter wavelength. In the low frequencies radiowaves are found and in the high
frequencies gamma radiation is found. Somewhere in the middle of the scale is the narrow
window of light that is visible to the naked human eye, 400-800 THz (Bergstrém et al., 2005),



and below this the infrared light-spectra, 300 GHz -400 THz and 0,75-1000 um (Mehta,
2011).

Light and heat

Light has both the properties of a wave but also the properties of a stream of particles, which
are called photons. Photons are charged with energy and are not dependent of matter to travel
through space, and can therefore travel through vacuum as well as air (Eddy et al.,2001). The
stream of energy-charged photons called infrared light or infrared radiation has a lower
frequency and bigger wavelength than the human eye can see and is therefore only perceived
as heat by humans (Vainionpad & others, 2014). Heat can be transmitted through conduction,
convection and radiation (Eddy et al., 2001).

Emissivity

An object can both absorb and emit energy via light in different spectrums. The balance
between emissivity and absorption is adapted depending on the level of energy in the object’s
surroundings and aims to create radiation balance (Bergstrom et al., 2005). An illustrative
example of this establishment of radiation balance would be to look at what happens when an
object is placed in direct sunlight on a warm day and thereafter taken inside and placed in a
windowless room at ambient room temperature. The object absorbs energy outside while it is
exposed to the higher energy that comes from the sun and inside it will emit energy until it
has cooled to room temperature (Bergstrom et al., 2005). All objects with a temperature
above absolute zero (0 K, -273,15 C) emits infrared radiation (Carosena, 2012). Different
objects have different emissivity potentials and can therefore interact to a variable degree with
its surroundings when creating balance. A black body is a theoretical concept of an object that
is considered to have 100% absorption/emissivity potential and the opposite would be a body
that has no absorption/emissivity potential. The scale of emissivity ranges from 0-1 where 1
equals a black body and the unit is W/m? (Bergstrom et al., 2005). The emissivity of human
skin is considered to be between 0,97-0,99 (Steketee, 1973). The emissivity of animals has
not been scientifically established and has in certain studies been assumed to be somewhat
lower (0,95) than that of humans due to insulating properties of fur but in others it has been
set to 1 (Vainionpaa & others, 2014).

Thermography
Basic theory

Infrared radiation can, when it is significant, be identified through palpation but cannot be
seen with the naked human eye. When the heat is subtle it becomes substantially more
difficult to identify merely by palpation and more sensitive and refined tools are required
(Turner, 2001). Thermography uses emitted heat from a given source to make a visual image
where different temperatures are depicted in colours visible to the human eye. The visual heat
pattern can then help the practitioner identify asymmetries in heat emission that can serve as
an indication of an ongoing and potentially pathological process in the area (Levet et al.,
2009). The theoretical background to thermography stems from two essential laws of physics:
Planck’s radiation law and Stefan-Bolzmann’s law explaining emittance (Vainionpdd &
others, 2014).



Plancks’s radiation law:

_ 8mhc 1
SA = 15 ehc/AkT — q

SA = energy per unit, volume per wavelength
m = 3,14159265

m
¢ = speed of light (299792458 ?)

h = Planck constant (6,626 x 1073*Js
T = temperature in Kelvin

A = wavelength
10—23]

k = Boltzmann constant (1,38 x

)

Stefan-Boltzmann’s law:
P = cEA(T* — T ,)

P = Energy emitted (radiated)

Watt
o = Stefan — Bolztmann's constant (5,6703 x 1078 > )
m2K*4

€ = emissivity (ranges from 0 — 1 depending on object)
A = area

T = temperature of the radiator

T,ny = temperature of surroundings

Technology

There are many different thermography cameras available on the market and although the
basic technology is much the same there are some variations to be aware of when choosing
the model best suited for intended use. Thermography cameras are available with cooled or
uncooled systems and in different resolutions. The cooled cameras are useful when
establishing absolute temperatures but needs time to cool between imaging and are therefore
more time consuming to use than the uncooled cameras. The uncooled models calibrate in
relation to ambient temperature constantly and has been developed to the point where the
result is close to the fixed calibration of the cooled cameras therefore making it useful in most
situations not requiring an absolute temperature (Pedreros et al. 2012; Vainionpda & others,
2014). Cameras with different resolution were compared in a recent study (Vainionpéé et al.,
2012) and the result was that to have the best repeatability, both concerning quality of images
and the interpretation of these, a minimum of 180 x 180 pixel resolution was recommended
by the authors.



Thermographic imaging
Examination area

To ensure good quality images and reliable results the examination area, preparation of
patient and the angle between camera and object must be controlled and standardized. The
room where the thermography exam takes place should be draught free, have an ambient
temperature and be windowless to avoid sunlight artefacts (Ringer et al., 2005). The animal
should be given at least 10 min to acclimatize to the room temperature in the room where the
thermography exam will take place. Depending on temperature difference between the
examination area and the external environment different amounts of time is required for the
animal to acclimatize, the greater the difference the more time is needed (Tunley & Henson,
2004). All clothes, bandages, dirt and moist should be removed from the anatomic region
which is to be examined (Celeste et al., 2013). To minimize optical effects a 90 degree angle
between object and thermographer is recommended but up to 20 degrees deviations from this
can be tolerated and still give reliable results (Westermann et al., 2013).

Strengths and limitations

The strengths in the thermal imaging technique are that it is a very sensitive instrument, the
imaging process presents no risk to patient or examiner through dangerous radiation and it is a
no contact examination technique (Eddy et al., 2001) also there is no need to sedate the
animal which is required for i.e. CT scan imaging (Grossbard et al., 2014). The greatest
limitation is that although it is very sensitive, thermography is not very specific (Grossbard et
al., 2014) and therefore is best used together with other diagnostic tools. Also, in the thermal
image infrared radiation originates not only from the object itself but from the atmosphere in
its surrounding and through reflection from the surrounding via the object of interest
(Carosena, 2012). Because of the external factors that can affect the thermal image one has to
be cautious to provide a controlled examination area (Turner, 2001).

Clinical use
Human

Thermography used for objective measurement within the medical field was first studied in
1956 by Lawson R.. He concluded and predicted a potential use for thermography in early
detection of malignant breast cancer. Lawson hypothesized that increased cellular activity,
metabolism and angiogenesis particularly associated with malignant neoplasms should leave a
recognizably changed thermal pattern locally that could be identified using thermal imaging
(Lawson, 1956). More recent studies have confirmed Lawson’s theory and it has been found
that angiogenesis, local elevation in nitric oxide, local inflammation and elevated estrogen
levels, all physiological features associated with tumour growth, causes increased thermal
radiation from the tumour site that can be detected using thermography (Kennedy et al.,
2009). Since Lawson’s first attempt at using thermal imaging as a diagnostic tool studies have
been made within various medical fields e.g. orthopaedics (Varju, 2004), ophthalmology (Tan
et al., 2009), odontology (Venta et al., 2001) and more. The method has been validated and
implemented in different clinical situations within these fields. Today thermography is most
extensively researched as a substitute or supplement to mammography in early breast cancer
detection, as predicted by Lawson. In a study conducted by Keyserlingk et al., 2000 the
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sensitivity for thermography used for breast cancer detection using only thermography was
established at 83% while in conjunction with mammography it was 95%. The sensitivity of
mammography alone and mammography together with clinical breast exam (CBE) was
investigated by Oestreicher et al., 2004 and determined at 78% for mammography and 82%
for mammography combined with CBE.

Veterinarian

In veterinary medicine the potentials of thermography has been explored in many of the same
medical fields as in human medicine and tested on numerous species; horses (Soroko et al.,
2013; Redaelli et al., 2014) cattle (Stewart et al., 2007; Rainwater-Lovett et al., 2009), wild
animals (Cilulko et al., 2013) and dogs and cats (Vainionpaa & others, 2014). The technology
early attracted interest within horse medicine (Smith, 1964) and is so far most extensively
researched and clinically implemented within this species. Since horses are expected to
perform athletically in different disciplines the health and normal function of the locomotor
apparatus is essential, thus making it a popular focus in research. The potentials of
thermography in early detection and diagnosis of orthopaedic injuries and lameness in horses
has therefore been one of the major focuses in studies on thermal imaging in horse medicine
(Turner, 2001). Although the potentials of thermography in orthopaedic evaluations has
attracted most attention studies have been performed in a wide range of other fields of equine
medicine testing its use in detection of illegal performance enhancing techniques (Van
Hoogmoed & Snyder, 2002), early detection of distal limb cast sores (Levet et al., 2009),
back pain diagnosis (Fonseca et al., 2006), saddle assessment (Arruda et al., 2011) and stress
(Dai et al., 2015) amongst others. Its potential use in small animal practice has until more
recent years been less examined. The last decade a modest but growing number of studies in
small animal medicine have been published with encouraging results. Attempts have been
made to validate thermography data from specific regions of interest (ROI) such as the
thoracolumbar area (Grossbard et al., 2014), ocular surface (Biondi et al., 2015) and
mammary glands (Pavelski et al., 2015) with the intention of facilitating identification and
diagnosis of pathological processes such as disc hernia, keratoconjunctivitis sicca and
mammary tumours. Grossbard et al., 2014 studied the potentials of thermography used as a
screening tool to identify thoracolumbar disc hernia, Vainionpéaa et al., 2012 investigated its
use in early identification of muscle injury and proceeded to look at the possible use of
thermography to identify painful conditions in cats in a following study (Vainionpaa et al.,
2013). Its usefulness as a diagnostic tool (Infernuso et al., 2010; Pavelski et al., 2015), its
potential use in treatment evaluation (Grossbard et al., 2014) and as a tool when studying
stress responses (Travain et al., 2015) have also been studied in dogs and cats.

Studies have been performed in both human (Venté et al., 2001; Christensen et al., 2012) and
veterinary (Mamedov et al., 1999; Celeste et al., 2013; Calkosinski et al., 2015) medicine
using thermal imaging to successfully evaluate postoperative inflammation in wound area.
Since inflammation and the resolve of inflammation are both part of normal wound healing
thermography is potentially a very useful tool to identify deviations from normal progression
through healing phases suggestive of wound healing complications (Eming et al., 2007; Franz
et al., 2008; Guo & DiPietro, 2010).



Inflammation and wound healing
Normal wound healing

The wound healing process is traditionally divided into three phases based on cellular- and
cell mediator activity in the affected area; the inflammatory phase, proliferative phase and
maturity phase. The subdivision into separate phases is mainly done to facilitate
understanding of the more complex reality where these responses to injury overlap and
coexist within the same timeframe (Guo & DiPietro, 2010; Tobias & Johnston, 2012). A
schematic overview of the activity during each phase is presented in Figure 1.

Inflammation phase Proliferation phase Maturity phase

e Haemostasis through: e Blood supply e Restoration of tissue
-coagulation-cascade through: strength by:
-vasoconstriction -vascularisation -collagen remodelling
-vasodilatation -angiogenesis -replacement of

e Debridement of: e Repair of collagen typ 11l to
-contamination extracellular matrix collagen type |
-damaged/dead tissue e Repair of epithelium

e Formation of
granulation tissue
components:
-capillaries
-fibroblasts
-macrophages
-collagen
-fibronectin
-hyaluronic acid

Figure 1. Wound healing phases.

Inflammatory phase

The moment injury is inflicted on tissue marks the start of the inflammatory phase which then
continues for approximately 96 h (Teller & White, 2009). The cellular activity is dominated
by sentinel cells; such as monocytes, macrophages, mast cells, dendritic cells and neutrophils
(Tobias & Johnston, 2012). Neutrophils dominate early leukocyte population and arrives in
situ within 24-48h (Dovi et al., 2004; Eming et al., 2007). During this phase haemostasis is
acquired through the coagulation cascade and initially vasoconstriction. Later the
vasoconstriction instead turns into vasodilatation as the cell population and the signalling
substances that dominates the wound bed changes. Apart from haemostasis this phase is also
characterised by neutrophil and macrophage debridement of wound contaminants and
damaged and dead tissue (Hosgood, 2006).

Proliferative phase

Whilst the inflammatory phase mainly deals with short-term actions to stabilize the wound
area the proliferative phase marks the beginning of tissue reconstruction. The proliferative
phase starts when the inflammatory phase ends, about 3-4 days post-wounding and continues
for about 5-8 days (Hosgood, 2006; Teller & White, 2009). By the end of the inflammatory
phase and the beginning of the proliferative phase the leukocyte cell population has become
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dominated by macrophages (Tobias & Johnston, 2012). The shift from the acute handling of
tissue trauma to focus on re-growing and reconstructing tissue is reflected in a growing
number of epithelial cells, endothelial cells and fibroblast recruited to the wound bed to help
form granulation tissue that covers and protects the wound (Hosgood, 2006). In response to
Platelet-derived growth factor (PDGF) cytokine there is initially a fibroblast production of
collagen type Il together with fibronectin and glucosaminoglycan. Later the collagen
production shifts from collagen type Il to collagen type | under the influence of
Transforming growth factor-p (TGF-B), which reaches its highest levels approximately 7-14
days after injury (Goldman, 2004; Hosgood, 2006). TGF-f also plays an important role in
inducing wound contraction by locally transforming fibroblast into myofibroblasts (Hinz,
2007).

Maturity phase

Once the wound is covered with epithelium the final phase of healing begins where the
objective is to re-establish tissue strength. This phase usually begins around day 12 post
wounding and continues for up to 18 months (Tobias & Johnston, 2012). The replacement of
the relatively weak extracellular matrix (ECM) with a high ratio of collagen type Il to a
mature and mechanically, as well as functionally, resistant ECM with a high ratio of collagen
type | is the main change during this phase (Tobias & Johnston, 2012). Depending on the
amount of mechanical load on the wound area the stimulation of temporary ECM formation
and thereafter its maturity and collagen replacement stretches over different amounts of time
before final wound healing is established (Broughton et al., 2006).

Wound healing complications

The healing wound can encounter different challenges in different phases of the healing
process. Part of the challenge in comparing results from scientific studies is the fact that
“negative effects on wound healing” or “wound healing complications” are rarely specified
and when they are the definition somewhat varies between studies (Lazarus et al., 1997). The
widest definition of wound healing complications would be that the wound does not meet the
expectations concerning microbial activity, structural quality and mechanical integrity in
relation to time and healing-phase (Lazarus et al., 1997). The underlying reasons and risk
factors can be many and a brief overview will be presented in this work. A set of guidelines
were summarized and presented by Franz et al 2008 targeting these risk factors aiming to
minimize wound healing impairment in soft tissue wounds on humans. The guidelines are
subdivided in two main categories, systemic and local, and eleven subcategories that fall
under these. Systemic factors described were immunology, oncology, miscellaneous systemic
conditions, thermal injuries, external agents and excessive scarring. Local factors taken into
consideration were wound perfusion, tissue viability, hematoma and/or seroma, infection and
mechanical factors, the latter being described as the success or lack thereof in achieving a first
intention healing. The following headlines are based on the guidelines published by Franz et
al 2008 and adapted and described according to relevance in veterinary medicine.

Concomitant systemic disease

There are various systemic diseases of genetic- and infectious background as well as
endocrinopathies (where the aetiology is not yet completely understood) that can interfere
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with normal wound healing. In a retrospective study on two hundred and thirty-nine dogs and
cats that had clean-contaminated surgical procedures Nicholson et. al (2002) found that
patients with a concurrent endocrine disorder were 8.2 times more likely to develop
postoperative surgical site infections. Endocrinopathies represented in the group of animals
that developed infections in the study were hyperadrenocorticism (Cushing’s) and
hypothyroidism. Diabetes Mellitus is an endocrine disorder associated with chronic wounds in
human health care and murine models in research have shown the same tendencies of
impaired wound healing in animals (Gibran et al., 2002). In cats the feline immunodeficiency
virus has been implicated in delayed wound healing (Tobias & Johnston, 2012) and in dogs
canine leukocyte adhesion deficiency (CLAD) (Bauer et al., 2004), haemophilia and von
Willebrand’s disease (Hoffman, 2008) are associated with impaired wound healing.

Medical treatment

Human patients receiving immunosuppressant therapy, especially in higher doses, can be
expected to have a prolonged wound healing (Busti et al., 2005) and studies on rat show
similar results (Wicke et al., 2000). Human oncology patients receiving chemotherapy or
radiation therapy have impaired wound healing and the same should be expected to be true for
animals receiving corresponding treatment. Cancer treatment aims to target fast replicating
cells and therefore affects cell regeneration in wound area through the same mechanisms
(Franz et al., 2008).

Thermal injuries

Thermal wounds can present many challenges regarding their healing process but will not be
discussed in this work.

Excessive scarring

The aetiology of why certain wounds experience excessive scar formation or even keloid
formation is unknown and therefore there is no standard treatment or means to prevent it from
occurring (Franz et al., 2008).

Wound perfusion

A reduced perfusion to wound area can be caused for instance by chock, hypotension,
hypovolemia, hypothermia, arterial- or venous impairment, pain, reduced cardiac output or
Diabetes Mellitus (Worthley, 2000). Insufficient debridement of necrotic tissue also interferes
with perfusion and should be addressed before attempting wound closure (Knighton et al.,
1981; Ayello & Cuddigan, 2004). With a decreased wound perfusion the inflammatory
response is delayed, the proliferative phase is impaired and the maintenance of oxygen
pressure in tissue is complicated. Neutrophils are highly dependent on a high oxygen pressure
to effectively kill bacteria and are therefore sensitive to wound ischemia causing a higher risk
of failure to control bacterial colonization in ischemic tissue (Tobias & Johnston, 2012).
Ischemia also has a negative effect on angiogenesis and collagen production (Knighton et al.,
1981; Ueno et al., 2006).



Surgical site infection (SSI)

The incisional infection is subtyped into superficial (skin and subcutis) and deep (skin,
subcutis, fascia and muscle) and differed from organ- or space infection, which occurs in
body cavities, specific organs or joints (Tobias & Johnston, 2012; Turk et al., 2014).
Estimated prevalence of SSI in clean-contaminated surgeries is just below 6% (Nicholson et
al., 2002). Several factors increase the risk of surgical site infections such as contaminated
surgeries (i.e. Gl tract or traumatic wounds), animals scoring ASA II1 or higher at time of
surgery (Mangram et al., 1999; Nelson, 2011), when failing to maintain normothermia
(Melling et al., 2001), euglucemia (Dronge et al., 2006) and wound oxygen pressure (Qadan
et al., 2009). The risk for SSI can be as much as 30% higher if there is a lot of staff coming
and going in the operating room during surgical intervention (Eugster et al., 2004). A
prolonged anaesthesia, for instance when a CT or MR is needed, also increases the risk for
SSlI and for every hour the risk increases with approximately 30% according to a retrospective
clinical study by Beal et al 2000 on seven hundred seventy-seven dogs and cats undergoing
clean surgical procedures. Animals with more than three diagnoses at time of discharge are
also at higher risk than the general population. Intact male dogs and cats have a higher risk for
SSI due to androgenous effect (Nicholson et al., 2002). Common bacteria found in SSI
include Staphyloccocus spp, E.coli, Pasteurella spp and Bacteroides spp (Sveriges
Veterinarforbund, 2009). Standard reportings of SSI for clean wounds in Swedish veterinary
practice is usually about 5% (Sveriges Veterinarforbund, 2009).
Taking the above mentioned risks into consideration when planning surgical procedures is
crucial to actively prevent surgical site infection. In some cases, where there is an expected
significant increase in risk for SSI, perioperative antibiotics can be administered to ensure a
low bacterial load and bacteria-host defense equilibrium in favour of host at time of surgery.
It is generally sufficient with well-timed peri- and intraoperative doses of antibiotics when
given with prophylactic indication (Nazarali et al., 2014).

Mechanical stress

The formation of hematoma and seroma in the post-operative period is recognized as an
important factor impairing wound healing (Bullocks et al., 2006). The formation of hematoma
is caused by leakage of blood to the area for various reasons such as insufficient
intraoperative haemostasis, uncareful tissue handling during surgery, patient suffering from
coagulopathy or patient being treated with anticoagulant medication (Bullocks et al., 2006).
The aetiology of seroma formation is less clear but Bonnema et al. 1999 concluded in their
study that the composition of fluid content was very close to that of peripheral lymph fluid
suggesting leaking lymphatic vessels as a possible origin. Surgical dead space is thought to
enable accumulation of fluids and seroma formation is common after mastectomy since this is
associated with both disruption of lymphatic vessels and surgical deadspace (van Bemmel et
al., 2011). Risks associated with fluid accumulation are increased rate of wound infections
and skin flap necrosis (Bullocks et al., 2006).

Tension on tissue in wound site area is both a necessity for wound closure but can also be
detrimental when excessive (Pickett et al.,1996; Macpherson & Lee, 2010). When skin is
incised wound edges pull apart creating a tension with a direction away from the incision line.
Elliptical incisions, used for instance when removing skin defects, creates more tension than
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straight incisions (Macpherson & Lee, 2010). When closing wounds by means of suturing a
tension is created to approximate wound edges and help the wound healing process by
minimizing the area that needs to be covered with epithelium. Choice of suture technique and
amount of tension on incision should be optimized since these factors can either be an
advantage or a disadvantage for the healing wound. The suture technique dictates the
direction of tension on the healing wound and therefore plays an important role both in
facilitating healing an ensuring that the end result is cosmetically satisfying (Macpherson &
Lee, 2010). Wounds sutured with excessive tension experience less cutaneous blood flow
(Sagi et al., 2008) and may result in skin edge necrosis and distortion (Burkhardt et al., 2008).

Nutritional status

The nutritional status of the surgical patient is much relevant and should be considered, and if
possible, corrected before surgery when surgery is elective. Malnourished as well as obese
humans are at higher risk for wound healing complications (Guo & DiPietro, 2010) and it is
considered that these effects are also true for animals although studies are sparse especially
concerning obesity and its effects on wound healing in animals (Tobias & Johnston, 2012).
The nutritional status of an individual can also be affected by concomitant disease such as
cancer (cancer cachexia) (Esper & Harb, 2005; Lohsiriwat, 2008), hyperthyroidism,
hypothyroidism (Nicholson et al., 2002), protein loosing enteropathy (PLE) (Goodwin et al.,
2011) and diabetes (Dronge et al., 2006) and for these patients it is important that the disease
is under treatment and stabilized before elective surgery.

MATERIALS AND METHODS

The study was performed using client owned dogs and cats. Patients were selected after
assessing available information from booked appointments and patient records at University
Animal Hospital, Swedish Agricultural University, regarding type of surgery and patient’s
history of illness. Patients were recruited from April 2016 to October 2016. Clients were
given oral and written information and were asked to sign a consent form. Clinical
experimentation was approved by the Uppsala animal ethics committee. This study was a part
of a larger study evaluating effects of local anaesthetics on wound healing.

Material used in this study was a Meditherm camera, IRIS 2000 for thermal imaging with a
25 deg FOV lens with a focus range from 5 cm to infinity. A Casio Exilim HS, EX-ZR 1000
was used to take pictures of wound area to ensure a standardized interpretation of each
wound. Two distances intended to standardize optical effects when using the Casio camera,
10 cm distance and 15 cm distance, were attached to the camera when photographs were
taken and printed adhesive etiquettes for journal reference were attached to these and visible
in photographs. Adhesive non-transparent tape was used to create intentional artefacts in
thermal images marking beginning and end of incision line and strategic reference points
when incision was not straight. Thermal images were processed using customized software
developed by Meditherm Inc. from the original version of the WinTes3 program.

The animals included in the study were scheduled for various types of surgery and chosen
based on the following criteria: Patients scheduled for clean or clean-contaminated surgery
with an ASA score of | or 11, a body mass of minimum 5 kg and planned incision estimated to
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exceed 4 cm were included. Patients with higher ASA scores, systemic illnesses (Diabetes,
FIV, Cushing), receiving immunosuppressive treatment, having contaminated skin or skin
disease or with history of prolonged wound healing were excluded. Given the increased risk
for complications during healing of carpus and tarsus arthrodesis, major tumour resections,
advanced reconstructive surgery and wounds in need of drainage these patients were also
excluded.

Patients participating in the study were given a randomly selected envelope containing
information to place them in treatment group A or B, this part being related to another study.
The envelopes were drawn by staff not committed to the study and followed the patient to the
preoperative preparation room before they were opened. The nurse assigned to assist during
operation was left in charge of opening and administrating selected substance before moving
the patient to the operating table and both study manager and surgeon were blinded to the
content of the envelope. Patients drawn to group A were administered 0.25 ml Xxylocain
without adrenaline 10 mg/ml per centimetre whereas patients drawn to group B were given
corresponding volumes of NaCl. Injections were given superficially in subcutaneous tissue.
Maximum dose of xylocain was 5 mg/kg.

Five to seven days after performed surgery clients were asked to fill out a simple form with
mainly yes or no questions assessing the status of the patient’s wound (see Appendix A).

Fourteen days (+/- 2 days) after surgery clients were asked to return to the clinic and bring the
patient for wound assessment, photographic documentation of wound site and thermal
imaging. Wound was assessed according to protocol (see Appendix B). Images were taken
with a Casio Exilim camera using the distances mentioned above. In cases with very long
incisions a generalized photo of the entire area was taken at convenient distance. In cases with
protocol scoring above 0 close ups of were taken of the areas of interest as a control to verify
consistent assessment between patients. The thermal imaging was performed after 10 minutes
of acclimatization in the draught free and ambient, 21°C +/- 2.1°C (with the exception of one
patient when the room temperature was 29°C) examination room. Imaging was performed
with patients standing or lying down (depending on anatomical site of wound) on examination
table, ground or in owner lap with a distance of 30-45 cm between object and camera. Start
and end of wound was marked in all wounds with non-transparent adhesive tape preventing
heat emission from these areas to create an intentional artefact in the thermal image. Several
captures were made of each wound to ensure the entire wound was included and the focus and
quality of the image was satisfactory. Surgical wounds were divided into the following groups
for processing and comparison: linea alba incisions, mastectomies, orthopaedic surgeries and
mixed group.

When processing the thermal images two-three regions of interest (ROI) where created, each
contributing with the lowest, highest and mean temperature of that area. The mean of the
value of ROI 2 and ROI 3 was subtracted from the value of ROI 1 to obtain the temperature
difference between wound and control areas. The results were tested for normal distribution
and depending on the result either tested for significant temperature difference between ROI 1
and ROI 2 (when only one control area could be made) or mean of ROI 2 and ROI 3 using the
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Wilcoxon test or Paired t-test. “Mean” values from thermal image processing were used for
comparison with clinical protocol. These values were then compared with each individual
parameter from the clinical evaluation form (see Appendix B) and tested for significance. For
those values in the evaluation form that had categorical values a Paired, two way, t-test was
performed. In the cases of “Redness” and “Swelling” which had numerical values creating
three different groups ANOVA testing was chosen. A total inflammation score was calculated
based on scores from the “Clinical wound healing evaluation” form giving the patients
between 0 p to a maximum of 20 p. A part from basic scoring, consisting of sum of points
from protocol, additional points (0-2p) were given, depending on percentage of wound
affected, in each of the following groups: wound dehiscence, redness and swelling. Wounds
where 0-33% of total incision line was affected were given 0 p, when 34-66% of the total
incision line was affected an additional 1 p was given and when 67-100% of incision was
effected additional 2 p were given. The total inflammation score was tested against the
thermal images using a Spearman correlation. Since 41% of the wounds evaluated had sutures
at the time of thermal imaging this was tested for significance using a Paired t-test. To test if
certain types of surgeries were more or less difficult to correlate with the thermal imaging
results the surgeries were grouped in linea alba incisions, mastectomies, orthopaedic surgery
and mixed and tested using the Kruskal-Wallis test.

RESULTS

This study included thirty-nine dogs and two cats undergoing thirteen different surgeries (see
Table 1).

Table 1. Different surgeries included in the study

Surgery Number of animals Distribution
OHE, pyometra 8 19,5 %
OHE* 5 12,2 %
Mastectomy 11 26,8 %
TPLO** 1 2,4 %
Extracapsular repair of cranial | 2 4,9 %
crucial ligament

Castration 2 4,9 %
Castration, cryptorchid (inguinal) | 4 9,8 %
Mastocytoma removal 2 4,9 %
Stabilization of medial | 1 2,4 %
shoulderjoint instability

Vesicotomi and urolith removal 2 4,9 %
Splenectomy 1 2,4 %
Removal of cartilage fragments | 1 2,4 %
from tarsocrural joint

(Osteochondrosis)

Femoral head resection 1 2,4 %

*OHE= ovariohysterectomy, **TPLO= tibial plateau levelling osteotomy
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Processing of data from clinical evaluation protocol showed that the highest total
inflammation score seen in one patient was 11 p. out of a possible maximum of 20 p. and this
score was seen in an Irish Wolfhound having a one sided complete mastectomy. Table 2
shows mean values and standard deviations for each value derived from clinical protocol.
Table 3 shows statistical testing of comparison between values from thermal image
processing of ROI 1 compared with ROI 2+3 mean (reference areas). A comparison of data
from the clinical evaluation protocol and data from thermal imaging (temperature difference
between wound area and control areas using the “Mean”-group) is shown in Table 4.

Table 2 Mean points and standard deviation derived from clinical protocol

Protocol Min/max values Possible Mean values Standard
parameter min/max Deviation
values
Infection 0/2 0/2 0,19p 0,60
Pain 0/2 0/2 0,10p 0,44
Tissue 0/2 0/4 0,24p 0,66
separation
Redness 0/4 0/4 0,88p 0,56
Swelling 0/4 0/4 0,27p 0,59
Seroma 0/2 0/2 0,05p 0,31
Suppuration 0/1 0/2 0,05p 0,22
Total 0/11 0/20 2,83p 2,39
inflammation
score

Table 3. Temperature difference between wound and control area (ROI) based on thermographic
evaluation

Pairing* | Region of | Normal | Test for | P-value (ROI 1 wvs.
interest distributi | significance | ROI 2+3 mean)
on
1 ROI** 1 Max No Wilcoxon
1 ROl 2+3 mean | No Wilcoxon <0.0001
Max
2 ROI 1 Min Yes Paired t-test
2 ROI 2+3 mean | Yes Paired t-test | <0.0001
Min
3 ROI 1 Mean Yes Paired t-test
3 ROl 2+3 mean | Yes Paired t-test 0.0060
Mean

*ROI’s with corresponding numbers were compared for significance of temperature difference
**ROI= region of interest

In the linea alba group the incision line was generally very straight and therefore only needed
to be marked at the beginning and end of incision at thermal imaging to enable thermal image
interpretation (see Figure 2). Positioning of the animal was given extra consideration when
the patient had significantly pending mammary glands, in which case the animal was
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completely on its back during imaging. In cases with male animals and patients with modest
amounts of mammary gland tissue it was generally sufficient if the animal was placed on its
side with the top leg properly lifted to avoid skin folds in the area of interest. In the linea alba
group the thermal images generally showed a higher temperature in the most caudal area.
Teats showed a lower temperature than the rest of the body and therefore were not included in
ROPI’s.

Figure 2. Images of linea alba incision on a dog after ovariohysterectomy. Left image showing normal
photograph of the area of interest, white tape marking start and end of wound and identity of patient
to the right (covered due to patient secrecy). Right image shows thermal image of the same patient. In
the thermal image the white tape and teats are depicted in green-blue colours. Three ROIs are
outlined, ROI 1(wound area) in the middle.

The mastectomy was in many aspects similar to the linea alba group. This group had more
variations within the group than the linea alba group given that depending on tumour site (all
animals in this group had surgery to remove tumours) different parts of the mammary glands
were removed and to various extents. When surgical site was in the caudal part of the
abdomen this group showed the same pattern of increased temperature as the linea alba group.
In the study two of the patients in the mastectomy group were of giant dog breeds
(Leonberger and Irish Wolfhound). These patients had onesided complete, radical
mastectomies, and therefore had incision lines too long to be fully included in thermal images
of good focus and quality. In these cases a series of overlapping images were taken and the
data was processed to give a mean value representative of the wound. Since the beginning and
end of the incision line could not be included in the same image additional markers were
placed strategically to indicate wound area to facilitate interpretation (Figure 3).
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Figure 3 Onesided radical mastectomy on an Irish wolfhound. Above image was taken without
standardized distances to give an overview of wound area. Below left image is the thermal image of
the caudal part of the same patient and below right is the cranial aspect of the wound. The thermal
images overlap and was calculated for a mean during image processing.

Included in the mastectomy group there was also a case with a female dog where two very
large tumours, one on each side of the fifth mammary glands were removed. The patient was
included twice in the local anaesthesia study (of which one surgery could be included in this
study) since both tumours could not be removed at the same time. At the first revisit the
tumour on the left side had been removed and the remaining tumour (Figure 4) was sent for
pathological analysis after removal at second surgery. Pathological examination of tissue
samples from the tumour in Figure 4 showed both atypical lobular mammary gland
hyperplasia and tubulopapillary carcinoma. The tumour was depicted as colder than
surrounding tissue. This case needed special consideration concerning multiple special
features. The first time the patient still had one tumour left approximately 10 x 6 x 3 cm,
which had forced the surgeon to make a rounded incision to avoid cutting in the tumour.
Additional markers were placed to facilitate image processing but the placement of these was
not entirely simple since there was an area on the patient’s left side (opposite of the tumour),
which was undesirable to block with markers, therefore multiple photographs were taken for
comparison with thermal images.
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Figure 4 Left image is an overview of wound area. In this image five challenging features of the
patient’s wound area are illustrated; the curved incision line, Ethilon sutures, the remaining tumour,
the red area on the opposite side of the incision from the tumour and a small amount of clear liquid in
the cranial aspect of the red area. Thermal images (middle and right) are overlapping, the middle
image representing the most caudal part of the wound and the right image the most cranial aspect.
The arrows identifies the mammary tumour on the right side.

Discoloured area opposite of tumour was classified as diffuse swelling at clinical examination
and represented as colder than surrounding tissue in the thermal images. The small amount of
seroanguinous fluid found in the cranial part of the dark skin discolouration was depicted as
colder than the swelling and is shown in dark blue colour in thermal images. The second time
the patient came was after this part of the study was finished hence the results are not
included in the data of this work. It can be mentioned that the second time the patient
presented with persistent red/blue discoloration of the skin from the first surgery, which was a
challenge for correct clinical assessment. At the second visit the patient also had an
accumulation of fluid on the medial part of the thigh adjacent to the incision line that was
colder than surrounding tissue in thermal images.

The third group consisted of patients that had undergone different orthopaedic surgeries, the
most common being anterior cruciate ligament rupture repair. Due to the anatomical site of
surgical intervention this group presented completely different challenges than other groups
included in the study. With these patients it was more challenging to gain good access to a
clear view of the wound area since the incision line was generally very close to the thin and
most cranial aspect of the hind leg making patient positioning more important. Patients were
standing or lying down on the side with one leg lifted to obtain a complete view of the narrow
area of interest. The incision was also not straight which, in combination with the very slim
area of interest, presented challenges to the interpreter (Figure 5). In other surgical sites
additional markers could easily be placed to outline a curved incision line, but since the area
of interest was very slim over the stifle, additional markers would inhibit the possibility to
create reference areas of interest. To facilitate image interpretation multiple photographs were
taken of these patients for comparison with thermal images to avoid disturbing image
interpretation with markers.
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Figure 5 Left image shows patellar area on the right hind leg of a dog and corresponding thermal
image is shown to the right. Interpretation of images of these surgeries is somewhat easier if the hind
leg is kept straight when depicted (see thermal image on the right side) although some animals was
reluctant to cooperate due to post surgical discomfort from joint area.

All orthopaedic surgeries where external fixations are used cannot be assessed with the same
thermal imaging interpretation method that was used for this study since the fixation creates
artefacts that blocks the entire incision line (Figure 6).

Figure 6 External fixation after surgical repair of a femur fracture in a cat. Left image showing the
placement of the external fixation on cat’s right hind leg and right image showing thermal image. The
external fixation is dark blue in the thermal image and completely blocks the incision line. In the
upper half of the image a warmer field is depicted.
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Included in the “other” group were two routine pre-scrotal castrations that deserve a special
mention since they have a very specific thermal presentation. Due to the protruding nature of
male genitals these are generally cooler than surrounding tissue. This specific feature, found
only in male dogs, is also present in other surgeries where the incision is placed in that area
(Figure 7 and 8).

Figure 7 Left is normal photograph and right is corresponding thermal image of a dog after pre-
scrotal castration. Thermal image shows the same area but the image is turned approximately 80
degrees clockwise. In the thermal image two markers are visible and represented as dark blue, almost
black, colour and at the top of the image the preputial area can be seen in the same colours. Between
the wound markers the penis is depicted as a cold ridge with wound area being the coldest.

Figure 8 Left image shows the curved incision on the patient’s right side of the penis on a dog
recovering from surgical urolith removal. Right image shows the thermal image of the same area with
the patient positioned in a way corresponding (although slightly tilted) to that of the left photograph.
The thermal image illustrates in a very typical way the thermal representation of dogs’ male genitals.

Also in the “mixed” group were two dogs having had mastocytomas removed from various
sites. On one of the dogs the tumour was removed from area of biceps femoris musculature
(Figure 9) and the wound had a curvy outline. In this case normal photograph and knowledge
of anatomy was of good help to trace incision line since it was very difficult making the
markers stick to the skin due to extensive movement over the well-developed muscles in the
area every time the dog shifted position. This dog had clinical signs of inflammation in the
distal third of the wound and an area with higher temperature in the distal, caudal part of the
wound is visible in the thermal image.
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Figure 9 Left image showing the dog in a sitting position where the curved appearance of incision line
is very well demonstrated. Right image is the thermal image of the area with the dog in a standing
position. Incision line is colder than surrounding tissue and there is a dark orange field at the distal,
lateral part of the wound.

Results from thermal image processing showed that all values had a normal distribution apart
from the maximum values in the ROI’s. In 68% of the subtractions made in the “Mean” group
results had a negative value, indicating that ROl 1’s in most cases were colder than control
areas.

None of the statistical tests performed showed any statistical significance between thermal
image evaluation and clinical evaluation of wound areas.
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Table 4. Statistical testing for correlation between temperature difference between wound area and
control area using the “Mean ”-group from thermal image analysis and clinical evaluation of surgical
wound

Analysis Test p-value
Infection t-test 0.65
Antibiotic treatment t-test 0.64
Pain t-test 0.31
Tissue separation t-test 0.47
Redness ANOVA 0.58
Swelling ANOVA 0.75
Seroma t-test 0.76
Suppuration t-test 0.11
Inflammation score Spearman 0.43
Ethilon sutures at imaging | t-test 0.77
Ethilon sutures t-test 0.88
Surgery group Kruskal-Wallis 0.39

A total of seven patients included in the study received postoperative antibiotic treatments of
which four had a confirmed infection.

DISCUSSION

Wound healing has an essential role in postoperative recovery and return to normal activity.
There are many factors that can potentially affect the wound healing in a negative way,
persistent inflammation or infection being two of them (Guo & DiPietro, 2010). Early
detection and diagnosis of compromised wound healing enables use of countermeasures to
prevent the occurrence of more serious complications (Nelson, 2011). Based on results from
previous studies using thermal imaging both on humans and animals (Parisky et al.; Levet et
al., 2009; 2003Vainionpd4 & others, 2014) we hypothesised that this method would be
sensitive enough to detect signs of wound healing complications that otherwise would go
undetected through merely clinical examination. Our aim was to validate the method both
concerning accuracy in detection of wound healing complications and also its usability in a
clinical setting rather than a strict research setting. The advantages of thermal imaging in a
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clinical situation is that it is non invasive, the animal does not need to be sedated, and should
not be sedated since this effects blood circulation, and since it is a no contact technique it only
requires minimal restraint of the animal (Eddy et al. 2001; Grossbard et al., 2014). Also the
technique is safe for practitioners, owners and animals in that it produces no harmful radiation
(Eddy et al. 2001; Grossbard et al., 2014).

An interesting feature, compared to what Catkosinski et al 2015 found when studying rat
models, our study revealed a significantly lower temperature in the incision area compared to
control areas. This was an unexpected finding and speculations can be made about the reason
for this. One possible reason could be that the rats in Calkosinski’s study were examined at
times from 10 minutes to 120 hours after injection of irritant when the inflammatory activity
can be expected to be high. Animals in this study were examined at approximately 14 days
post surgery when the expectation on the wound healing is that it is at the end of the
proliferative phase and moving more towards the maturity phase (Hosgood, 2006; Teller &
White, 2009; Tobias & Johnston, 2012). At this point there is a higher degree of collagen in
the wound than at early to late inflammatory phase which was when the rats were examined
(Teller & White, 2009; Tobias & Johnston, 2012) possibly accounting for the lower
temperature in wound area. If, in contrast, the wound healing would have been delayed we
expected the inflammatory phase to be delayed causing a thermal pattern with higher
temperature in wound area. The fact that we did not have any patients with severely delayed
healing accounts for lack of inflammatory heat pattern in thermal images. If imaging would
have taken place within the timeframe of the inflammatory phase our results might have been
different.

Basic criteria for a successful session of thermal imaging are: a controlled environment
(draught free, windowless, ambient temperature) and an animal that is clean, dry and has had
a minimum of 10 minutes to adjust to room temperature (Tunley & Henson, 2004). In small
animal practice it is customary that the owners bring their animals to the clinic and that the
examination takes place indoors contrary to e.g. horses and cattle where examination areas are
much different and more variable. The general setting for small animal patient visits makes
the controlled environment criteria fairly easy to meet and most clinics have at least one
windowless room and the rooms are generally draught free and have an ambient temperature.
During this clinical trial it was confirmed that the greatest challenges are mainly associated
with the animal not the examination area.

In clinical practice time is a key factor, first time visits are held short and follow up visits
even shorter. In previous studies the time for an animal to acclimatize to the examination area
has ranged between 10 minutes to 3 hours (Eddy et al.,2001; Holmes et al 2003; Ringer et al.,
2005; Pavelski et al., 2015). In this study we gave the patients 10 minutes to acclimatize to
best test the usefulness of thermography in everyday clinical practice. One issue related to
time and owner compliance was that almost half of the patients included in the study had non-
absorbable sutures that needed removal. In the chosen study design the choice was between
removing the sutures before thermal imaging or leaving them to be removed after the images
were taken. If sutures are to be removed before imaging the 10-minute acclimatization time
might not be sufficient since suture removal is associated with various degrees of
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manipulation of the wound area. There are no studies known to the author that specifically
compares time needed to adjust between wound areas that have been manipulated and those
who have not. In studies on horses time elapsed between grooming, that might be compared
to manipulation of surgical wound area, and thermal imaging has varied from 10 minutes
(Soroko et al., 2013) to 2 hours (Eddy et al., 2001) without making reference to scientific
reports supporting the chosen time indicating that little is known about this factor. If sutures
are not removed before imaging they will be visible in the thermal image as cold artefacts and
will lower the average temperature in the wound area. Assuming that a significant
inflammation would raise the average temperature enough to present a significant difference
between wound area and control area/-s even though sutures were not removed the choice was
made to leave these. When tested for significance the suture material did not have any
significant effect on temperature in wound area compared with the wounds evaluated without
suture material. One advantage when using thermal imaging to study wound areas is that
these are shaved in preparation for surgery, hence there are generally no problems with
excessive dirt or water sticking to the fur in the area of interest hence eliminating the issue
with grooming mentioned above.

In this study a variety of surgical wounds were included and these were divided in 4
subgroups depending on surgical site. Each subgroup had different characteristics and features
that needed to be taken into consideration, the main ones being; heat/cold artefacts, long
incision lines, irregularly shaped incision lines and incisions made in anatomical sites not
wide enough to created three areas of interest.

In the linea alba group and the mastectomy group the thermal heat pattern showed consistent
higher temperatures in the caudal part of the abdomen most likely caused by a higher degree
of skin-to-skin contact in this area. These heat artefacts has to be taken into account when
designing studies involving thermal imaging of this area. In this study we were not interested
in absolute temperatures and the amount of heat artefacts are hypothetically the same in all
three regions of interest, hence it will not create a false difference in temperature between the
incision area and the reference areas, which is why these patients could be included in this
study. Incisions in the linea alba group were the most standardized concerning anatomical
placement and length compared with the other groups.

The mastectomy group had variations concerning both anatomical location and extent of
surgery ranging from removal of one mammary gland to one side complete mastectomy. In
cases with long wounds these had to be depicted in overlapping sequence to include the entire
incision. Data from these images were then calculated for mean values. In the case with the
patient presenting with a large tumour of both benign and malignant character at imaging the
tumour was depicted as blue in the thermal images meaning that it emitted significantly less
thermal radiation than surrounding tissue. This thermal representation of the tumour was quite
interesting given that previous studies have described mammary tumours, especially
malignant tumours, in both dogs and humans as areas of increased thermal radiation
(Kennedy et al., 2009; Pavelski et al., 2015). The swelling on the opposite side of the tumour
was firm and the skin was markedly red over this area. The expectation was that this area
would be depicted as significantly warmer than surrounding tissue in the thermal images but it
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turned out to be the opposite. A possible confounding factor here would be that in fact the
clinical assessment was not correct and the area should not have been classified as a swelling
but rather a seroma or hematoma and that perhaps these are more likely to emit less thermal
radiation. The author has found no studies comparing thermal representation of seroma,
hematoma and tissue swelling thus thoughts about this can only be speculative. The liquid
seen in the photograph of this patient (Figure 4) had a lower temperature than surrounding
tissue adding to the speculation that perhaps thermal patterns of liquids and liquid
accumulations are colder than surrounding tissue.

The cat seen in Figure 6 with an external fixation could not be included in this study due to
interpretation issues, but raised questions about the possibilities of monitoring of bone
fracture healing using thermography. Visible in the thermal image of this cat is an area of
increased thermal radiation possibly corresponding to fracture site raising the question if
thermal imaging can be used to evaluate bone fracture healing. Thermal imaging has been
shown to successfully identify stress fractures on tibia in horses according to review article by
Eddy et al., 2001 looking at a total number of 64 horses presenting with lameness of different
aetiology. The increased thermal pattern might be due to soft tissue trauma associated with
the trauma causing the bone to fracture but is suggestive of a scientific base for further
research in this field.

The experience from this study is that thermal representation of male genitals in dogs needs to
be taken into consideration if study goal is to acquire absolute temperatures from this area
and/or compare results between patients especially if they are of different genders. When the
patient serves as its own internal reference and the absolute temperatures are of minor interest
it is only the somewhat narrow area of interest that might cause problems.

The patient from the “other” group shown in Figure 9 had clinical signs of inflammation in
the distal third of the wound. Interestingly the incision line itself was colder than surrounding
tissue, possibly an artefact from sutures, but with a distal, lateral field with higher
temperature. There are a few possible explanations to this representation, one would be that
the suture material is in fact creating a significant artefact disguising a potentially abnormal
heat pattern. Another explanation could be that this is an area where a fold is created every
time the dog sits down creating skin-to-skin contact artefacts, and since this patient was very
restless on the table, shifting from a standing to a sitting position numerous times this might
create thermal artefacts. There is also the possibility that for some reason the distal
inflammation was more active in this particular area at the time of imaging.

The overall response from pet owners remained positive throughout the study since thermal
imaging enables more flexibility than other imaging techniques concerning where the animal
is placed during the imaging procedure. Since the equipment is portable and relatively easy to
move to enable imaging with the animal on the examination table, on the floor and sometimes
in the owners lap the response from the animals were also generally positive.

Since many of the wounds presented with one or several small areas of considerably lower or
higher temperature than the average ROI temperature the “Mean” values were picked out as
the most reliable for further comparison with clinical examination protocol. When compared
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with clinical protocol no statistically significant correlation was found indicating that thermal
imaging is perhaps not best used this way. From a practical standpoint the clinical evaluation
provided enough information for clinically relevant decision-making rendering thermal
imaging superfluous in this context. Patients included in the study, experiencing signs of
infection were identified at an earlier stage than scheduled thermography appointments.
Included in this study there were seven patients with suspected infections of which four were
confirmed with a positive bacterial culture. When these patients were evaluated for the study
they had already received antibiotic treatment and infection and inflammation was under
control explaining the lack of abnormal thermal images. The conclusion from this was that to
be able to identify early stage infections by means of thermography the screening should
advantageously be performed at an earlier point. To further evaluate the potentials of thermal
imaging in wound healing evaluation, a different approach should be adopted where wounds
are repeatedly examined during the inflammatory phase at short intervals. A possible future
clinical application that needs further research could be as help in monitoring bone fracture
healing providing information to help with rehabilitation.

CONCLUSION

The conclusion from this study was that timeframe chosen for this study’s follow-up showed
no clinical advantage in using thermal imaging to evaluate surgical wounds. This might in
part be explained by the fact that no wounds with markedly delayed wound healing was
included in this study. The technology remains highly interesting for research but more
studies are needed before it can be implemented in clinical small animal practice.
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APPENDIX A
DJURAGARBEDOMNING DAG 5-7

Temp
For att fa ett sa rattvisande resultat som mojligt ska temperaturen matas rektalt och i samband med en langre
stunds vila, allra helst pa morgonen nar djuret precis har vaknat.

Ar temperatur tagen? JA/NEJ
Om JA, hur manga grader visade termometern?

Smarta JA/NEJ
Om djuret ar tydligt ovilligt/blir arg/visar smarta/later om man tar i omradet runt saret (undvik att ta pa sjalva
saret) pa ett satt som det tidigare inte har varit nar man tar p samma omrade.

Rodnad JA/NEJ
Om huden vid saret ar réd/rodare &n resten av huden.

Svullnad JA/NEJ
OomJA MJUK/HARD
Vitska fran saret JA/NEJ
Glipande sar JAINEJ
Om JA, hur langt? cm

Ovriga kommentarer:

Ni far dven mer &n garna ta kort och maila till: eagu0001@stud.slu.se

Tack for ert deltagande!

32


mailto:eagu0001@stud.slu.se

APPENDIX B
Clinical wound healing evaluation

Room temperature:
Total length of wound:
Infection (after bacteriological culture) 0/2

Pain 0/2
(YYes= pain reaction that can clearly be realted to palpation of the area, No=no reaction/reaction that cannot be
directly associated with palpation of the area)

Wound dehiscence 0/2

127 %
(Measure the length of the gap and the total length of the wound and calculate percentage of total wound length)

Redness 1 2 3

If’1 or 2” %

(0=no redness, 1=slight redness but only directly associated to incision line and around sutureholes, 2=diffusely
around incision line and sutures and possibly outside of area directly adjacent to incision)

Swelling 1 2 3

If”’1 or 2” %

(0=no swelling, 1=Slight swelling at each side of incision line and adjacent to sutureholes with a firm
consistency, 2=distinct swelling that reaches beyond the incision line and has a firm consistency)

Seroma 1 2 3
(0=no seroma, l1=minor seroma directly adjacent to wound edges and sutureholes with a soft/fluctuating
consistency, 2=distinct seroma that reaches beyond the incision line with a fluctuating consistency)

Suppuration 1 2 3
(0O=old dry wound liquid, 1=mostly dry wound liquid but also some fresh liquid, 2=significant amount of fresh

wound liquid)

Assessment of wound liquid (When unclear—->fine needle aspirate)

No liquid 0/1
Serous liquid 0/1
Seroanginous 0/1
Sanginous 0/1
Purulent 0/1
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