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Abstract

Thermoregulation is a critical factor for a working canine to be able to function in
hot/humid environmental conditions. &lpurpose of this study wado determine if an
Aluminet® Quit would reduce thenal stress imposed on a canbnethe environment,
through reducing the amount of radiant heat absorbed by the body; thereby, improving
t he cani nebs ab helstressgrs df worklarel helateinteentworkirgr at e t
canines patrticipated in a control and three vest/suit conditions while running on a
treadmill for20 minutes at 8 kmfk at a 0% gradé he results of this studshowed that
wearinga Canvas Vest or@anvas/Auminet® Vest causesignificant (F0.05)
increases in Heart RafromPre to Post workThere was no change in work intensity
across the conditions, but increased Heart Rates Post work in the Canvas Vest and
Canvas/Aluminet® Vest conditiongitiated innate behavioural responses in therem
Specifically, the canines attempteddissipate hedty lying down,to maintain
homeostasis. The results showed that wearingst/suit made of Canvas or Aluminet®,
or a combination there of, had significante f f ect on a c amregulatd s abi

at27° +0.63°C with 60% + 3.35umidity.
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Chapter |

Introduction

Thermoregulation is cruciab the performancef a canineCanine
thermoregulation involves conduction,ne@ction, radiation, and evaporation to balance
heat production and dissipation, so body temperature can be regulated and maintained.
This process is influenced by the environment and vests worn by working canimees.
vesteffects m core temperature nde to be managed while wearing canine working
vests to avoid noproductive temperatures that affectamind s capaci ty to
Materials have been created in an attempt to reduce viadédi¢he temperature effects
vests have onanines, but publishedesearch was not found to determine the
effectiveness of the vestBhe purpose of this study was to determine if an Aluminet®
Suitwould reduce thermal stress imposed on a canine, by the environment, through
reducing the amount of radiant heat absorbetheyody; thereby, improving the

canined6s ability to better tolerate the

W o

st



Chapter Il

Review of Literature

Specializedvorking canines can perform jobs in detection, tracking, therapy,
service, sled, police, and rescuerlt Workingcanine are not petdyut rathedearn and
perform tasks thaid and proteddiumans. Working canines must be able to perform in
extreme condition® help their human handle3pecifically, these caninesust be able
to move efficiently ovevarious surfaces, terrains and obstacles, operate in various
climates, have good posture, balance, stability, agility, coordination, speed, power and
flexibility, superior muscular and cardiovascular endurance, and not become fatigued or
injured. If thecaninebecomes fatigued or injured, they become inefficient or unable to
perform their specific task and could endanger the safety of their handler or civikans.

a result, hermoregulation isrucialto the performancef aworking canine yetlittle
resarch has been conductedcanine thermoregulation. Therefore, the scope of this
review will include and be supplemented with human thermoregulation literature to help

explain canine thermoregulation.

Importance of Thermoregulation
Thermoregulation ithe process by whidfe balance afieat production and heat
lossis maintainedHeat isinternally generatd by metabolic processes amdiscular

activity andexternally gained fronthe environment-eat loss can occur as a result of



radiation conductionconvectionand evaporatcBody heat i s removed
surface when it is transported to the skin by circulating blood and is released into the
environment (Guyton, 2006 and Flournoy et al., 2003). Changes in body temperature are
detected by thenoreceptors located throughout the body (i.e. in the skin, mucous
membranes, spinal cord and abdominal visceral organs). Stimulation of these
thermoreceptors triggers peripheral vasodilation and central vasoconstriction, which

sends the heated core bloodhe extremities and surface for heat dissipation. The
thermoregulatory center in the hypothalamus cosithaé balance of heat dissipation and

heat production to maintain body temperature and homeostasis (Flournoy et al., 2003 and
Hemmelgarn and Ganno2Q13). Multiple thermoregulatory mechanisamsthe body

contribute to heat dissipatidao regulate andnaintain homeostasis.

Human Temperature and Thermoregulation

In humans, core body temperature is normally maintaaagdproximately37°C.
Body tempeature that reaches abotres normalvalueinitiates heat dissipating
processes (Guyton, 2000). doheat is dissipated through conduction, convection,
radiation, and evaporatio@onduction is the exchange of heat between two objects when
they come inta@ontact (Flournoy et al., 2003yonduction transfers heat from the body
when it comes in contact with a cooler surface. Convection transfers heat to the
environment when awr waterremoves heat from the surfader movement, such as a
fan can help reme heat as well as natural convection that occurs when the heat from the
body surfaces rises causing a natural air flBady heat is lost through radiation simply

by the body releasing heat into the environn{éahnson et al., 2008)leatcan be

q



absorbedrom the environmetrinto the bodyvia radiationandconvectiorwhenglobe
temperatue anddry ambientemperature exceed skin temperafienney, 2017).

Evaporation occurs when fluid changes into a vapor and is released in to the environment
(Johnson eal., 2006). Murakami et al. (2000) found heat lost from a standing person,

with metabolic heat production of 1.7 Mets, to be 29.0% lost by convection, 38.1% lost
by radiation, 24.2% lost by evaporation and 8.7% lost by respirdtese values have

notbeen calculated faranines.

Canine Thermoregulation

Canine thermoregulatianvolves conduction, convection, radiation, and
evaporatiorto balance heat producti@nd dissipationNormal canine temperature
ranges from 37.5 to 39.2°C (Morgan, 2008), le/lmbserved exercising temperatures have
been reported reaching above 41°C (Raschke, 2013, Philips et al., 1981; Wagner et al.,
1977; Chapman and Baker, 198A¢mperature regulatian caniness crucial for
increasingvorking duration(Young et al., 195%ozlowski et al., 1985andKruk et al,
1985) In canines, the mechanisms of heat dissipation are the same as humans, but
depending on the ambient temperatveey in degree of effectiveness. Greater than 70%
of thetotal canine body heat is lost dueradiation and convection when ambient
temperatures are below skin temperatures (Lewis, 1Z&#ines lie down on their
abdomenon cool surfacego transfer heat via conductiokr(k et al., 1985 and
Flournoy et al., 2003)At ambient tempeatures belw 32°C,convetion, conduction, and

radiation contribute the greatestrtormothermia, but as the environmental temperature



reaches bodiemperaturgevaporation becomes the most effective way for a canine to
dissipate heat (Flournoy et al., 2003).

Both lumans and canines dissipate heat through evaporation at temperatures
above skin temperaturBoweverthe methods location of evaporation are quite different.
In humans, cooling through evaporation occurs through perspiration. In canines, their
footpads will produce perspiration, but is an ineffective way to cool via evaporédtien
to thesmall surface areandbecauseanines &nd on their feeEvaporative cooling
throughperspiration is not as effective in canines as in hunsastemperatures rehc
above 32°Cpantingbecomeghe most important means of evaporatidohnson et al.,

2006) Panting regulatecaninebody temperature by increasing the evaporation of water
from the respiratory tract (Crawford, 1962 and Young et al., 1$&8jting bring large
quantities of air in contact with the mucosal surfaces of the nose and mouth (Johnson et
al., 2006) asthe nasal turbinates provide a large surface area for evaporation to occur
from the moist membranes (Flournoy et al., 20@@nders et al. (197 and Hales and
Dampney (1975)through the use of microspherésnd a fivefold and a 16 fold

increase respectively, in blood flow to the tongue during exerciSimgnges in blood

flow to the skin, nasal mucosa, and turbinates, tongue, skeletal rarstlether areas in

the body illustrate the redistribution of cardiac output to regulate the effects of heat stress
(Hales, 1973)Large amounts of blood flow from the common carotid artery to the

tongue allows for more heat to be dissipated through exapo (Baker et al., 1982).

Heat and exercise increase panting rates in canines (Chapman and Baker, 1984 and Hales

and Dampney, 197%sthey must effectively dissipate heat to continue to work



Canines exercising at high work intensities (i.e. exhaus@agimill running at or
above 12 degrees of inclination at 5.8 kfjldissipate 60% of their heat through
evaporation, while the other 40% istdy radiation and convectior rise in rectal
temperature, du® work, increases panting and correlatethwerformance capacity
(Young et al., 1959)Thermoregulating while working is imperative to maintaining
performancelt has been confirmed that maintaining lower body temperatures inerease
c a n i work dusation(Kozlowski et al., 1985 and Kruk et d1985).Young et al. (1959)
demonstrated that body temperature rose with running time during workloads in excess of
12 degrees of inclinatiomnd that performance was depertdanthe body temperature
in their 28 allout endurance tests.

Previous literatte has demonstrated thadsk will increase body temperature,
and high body temperatures affeairk performancgsocanines must be able to
effectively dissipate heat to continue to woNhen acanineis no longer able to
dissipate more heat than it praets it will overheatandeventuallycease to workKruk
et al. (1985) investigated the effects of coolingpaineduring exhaustie treadmill
exercises at 5.8 kml, 21% slopeat22°C.To achieve this special canvas jackeas
placedon the trunk othecanineand filled it with 2 kg of iceThe results indicated that
significant increase in exercise performanas attaine@tlower body temperatures
The authors concluded thitie lower body temperatures resulted fritvacombinationof
cooling ofthe trunkskin, whichsubsequently coetithe blood flowing through this area
Furthermore, additional contribution to the noted decrease in body temperature was
attributed to alecrease in metabolic heat production due to a reducti@sratory

musde work (Kruk et al. 198% Kozlowski et al. (1985jnvestigatectanine running on



treadmils at 4.3 to 5.8 kmi1 at a 21% grade until exhausti@mdfound thatwithout
external coolingdeep body temperaturesachedup to 41.8°Cand working muscle
temperatures up to 43°&ozlowski et al. (1985)also utilizinga special canvas jacket
filled with 2kg of crushed iggplaced on the trunk of theninefor external cooling
lowereddeepbody and muscleemperatureby 1.1 and 1.2C, to 39.4C and39.7C,
respectivelylt wasdetermined that externabaling lowered deep body and muscle
temperatureandincreasedeercise duration by45% indicating that dower working

body temperature enhances working ability and durgiozlowski et al.1985)

WorkingCanine Vests

Working canines wear vests for a variety of reasons. Canines working in military,
police, search and rescubkerapy, or service operationgar vests every day. Originally,
military working canines worked in relatively small local areas gust needed a leash
and collar.Today,vests are worso they can easilye attached to a handkerbe
transported, hoisted, carried, or even parachwith a handleraround large areas into
tactical theaters of operatiohheir vestcouldbe used tgrovide armor protection in
combat zonesareas of hostilitiegndlaw enforcement operatioms it could allow the
canineto carry supplies or equipmetat help the canine team (Cigaadd Gonzalg,
2009 and Gonzaleand Cigard, 2010)Service or therpy canines wearvess to identify
theirjob orallow the attachment of a special harniixsg has adaptive equipment to assist
the humaror to alert the public that thesanines ar e i Wearng a vesjie a

necessary piece of equipmebtit alds weght andpotentially heat to the canine.



Military or law enforcement canines wear vests for protecBaiistic vests are
designed tgrovideprotecton for canines during police or military operatioiallistic
vests araypically made from many layesf Kevlarand are placed inside a fabric shell
that is usually made frompolyester/cotton blend or nyloRaschke et al. (2013) studied
the effects of ballistiwests on canine core temperatureese researchenseasured the
effects ofthree ballistic est designsgluring anobstacle course run and a tracking
exercise The research was promptedpadice caninehandlers expressed concern about
the risk of heat stroke in their canines that wear ballistic vieatschke et al. (2013)
found thathere was a significant difference bew®entheno vest and vest conditions
whenworking & outdoor ambientemperatures rangirfigom 3.4°C to 20.6°C and
humidity from 30% to 87%Working while wearing a ballistic vestnade of many layers
of Kevlar, did not signifiantly effect core temperaturesworking police canines

(Raschke et al., 2013)

Canine Cooling Vest Fabrications

Researchers haatemptedo design vests that catlieviatethe effectsof radiant
heat on working canineStalick (2008) applied to patea method for cooling animals
using Mylar, a reflective polyester film made from stretched polyethylene terephthalate.
He claimed theinmoistenegdtwo layer jacket of Mylar and light cotton mesh dropped
coat temperature of dabdltown or darkgray-coatedcanines, who were standingtill in a
32.2°Cenvironmentfrom 54.460°C to 37.8C under normal conditionsinddropped
the same starting terapaturego 26.7°C underhigh altitude conditions. Howevarp

published research was found to determine its éffsoess on an actiyevorking canine



PMDesign and the Canadian International Demining Corps (CIDC) sought to
develop a vest to promote cooling in mine detect@amnes. Nine garmentshat were
made with synthetic fabrics and had reusable cooling ¢assbat cotained
polyacrylamide crystale/ere developednd testedThe cassettes needed to be dunked in
water or stored iarefrigerator for ideal cooling and were effective for 2 weeks before
needingo bereplacedFurthermore,titook two handlersotmanage the vest and
cassettes when being worn on the caaimé he CIDC did not find any significant
differences in performance while wearing the vests (Authority and McFee, 2005).
knownattemps have been researchexreduce or alMate the tempature effectvests
haveon canines; howeverthere was either npublished researdio determinethe
effectiveness of the vest or theethod employed showed no significant effect on core

temperatures

Statement of the Problem

Working canines must weaestsand the influence of the vest on the core
temperature of the canine must be mandgexvoida degradation in the capacity of the
canine to workMaterialshave beewrreatedhatattempt tareduce omlleviate the
temperature effectsf thesevests butpublished research was not fouhdt has
demonstratethe effectivenes®f these materialsr the metho@mployed showed no
significant effect on core temperatur&his studycreated a suit akflectivematerialand
compared it to regulaa canvas wrking caninevests and a control conditiorio

determine if thesuit, made frona metalized high density polyethylene thermoplastic,



AAluminet®0 would reducehethermalloadimposed on a canine by the environment,

through reducing the amount of raditeiat absorbed by the body.

Purpose of the Study
Working canines are employed in a variety of jobs. sEheaninesnust be able to
withstand thevorking environmental conditionahile accurately and effectively
performing. If a canineis not ableto thernoregulate properly, itan become ineffient
and unable to perform igpecific task and could endanger the safety of their handler or
civilians. Thepurpose of this study was to determine if an Aluminet® suit would reduce
thermal stress imposed on a camby the environment, through reducing the amount of
radi ant heat absorbed by the body; thereby

tolerate the stressors of work and heat.
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Chapter 1l
Journal Manuscript
Abstract
Thermoregulation is eritical factor for a working canine to be able to function in
hot/humid environmental conditions. The purpose of this studgytavdetermine if an
Aluminet® it would reduce thenal stress imposed on a canbnethe environment,
through reducing the amat of radiant heat absorbed by the body; thereby, improving
the canineb6s ability to bet Foameentworkigr at e t h
canines participated in a control and three vest/suit conditions while running on a
treadmill for20 minues at 8 kmkl at a 0% gradéhe results of this studshowed that
wearinga Canvas Vest or@anvas/Aluminet® Vestcausedi gni f 0.@5ant ( PO
increases in Heart RafromPre to Post workThere was no change in work intensity
across the conditions, buicreased Heart Rates Post work in the Canvas Vest and
Canvas/Aluminet® Vest conditionsitiated innate behavioural responses in the canines.
Specifically, the canines attempted to dissipate heat by lying down, to maintain
homeostasis. The results shoviledt wearinga vest/suit made of Canvas or Aluminet®,
or a combination there of, had significante f f ect on a canineds abi

at27° £0.63°C with 60% + 3.35umidity.

Keywords

canine Aluminet®, thermoregulation, vest radiant heat, exercise
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Introduction

Working canines must be able to perform in extreme condiiodsnot become
fatigued or injuredSpecialized workinganine can perform jobs in detection, tracking,
therapy, service, sled, police, and rescue wbtke caninebecomes fatigued or injured,
it become ineftient or unable to perform igpecific task and could endanger the safety
of the handler or civilians. Thermegulation is crucialo the performancef a canine.

Thermoregulation ithe process by whictihe kalance oheat production and heat
lossis maintainedHeat isinternally generated by metabolic processes and muscular
activity andexternally gained frorthe environmentCanine thermoregulation involves
conduction, convection, radiation, and evaporatmbalance heat production and
dissipation, so body temperature can be regulated and maintaireethermoregulatory
center in the hypothalamus congtiis balance of heat dissipation and heat production
to maintain body temperature and homeostasmi(Roy et al., 2003 and Hemmelgarn
and Gannon, 2013).

Normal canine temperature ranges from 37.5 to 39.2°C (Morgan, 2008), while
observed exercising temperatures have been reported reaching above 41°C (Raschke,
2013, Philips et al., 1981; Wagner et 4877; Chapman and Baker, 1984). Temperature
regulation in canines itical for increasing working duration (Young et al., 1959,
Kozlowski et al., 1985, and Kruk et al., 198Bj.ambient temperatures below 32°C,
convection, conduction, and radiatiomtibute the greatest to normothermia, but as the
environmental temperature reaches body temperature, evaporation becomes the most
importantway for a canine to dissipate heat (Flournoy et al., 2008)ting is &aniné® s

primaryway to regulate body terepature by increasing the evaporation of water from

12



the respiratory tract (Crawford, 1962 and Young et al., 1998 .nasal turbinates
provide a large surface area for evaporation to occur from the moist membranes
(Flournoy et al., 2003)Heat and exersehave been shown tocrease panting rates in
canines (Chapman and Baker84%nd Hales and Dampney, 1975) #nd heat must
effectivelybedissipate in order for the canine to continue working

Working increases temperature and increasing tempesadi@icrease work
capacity thereforethermoregulatingvhile working is imperative to maintaining
performancelt has beememonstratethatperformance duration ependentn canine
body temperaturéKozlowski etal., 1985, Kruk et al. 1985, antbung ¢ al., 1959)
When acanineis no longer able to dissipate more heat than it produced|, idverheat
andeventuallycease to workKruk et al. (1985petermined that external cooling lowered
deep body and muscle temperatures and increased exercisendoya-45% indicating
that alower working body temperature enhances working ability and duration.

Working canines arengployed in a variety of jobs wheredywear vestso be
identified proteced transpored, carried, or assisumangCigard and Gozalez,2009
and Gonzaleand Cigard, 2010). Wearing a vest is a necessary piece of equipment, but
adds weight and potentially heat to the caniree effects of/ests orcore temperature
mustbe managed to avoid ngmmoductive temperatures that affectamind s capaci ty
work. To address this concernaterials have beeatteveloped thaattempt to reduce or
alleviate the temperature effects the vesisldhave on theanine. However, the
literature has failed to demonstrate any material that Bam#icant effect on core
temperaturesf working caninegStalick, 2008 anduthority and McFee, 2005).

Therefore, thepurpose of this study was to determine if an Alumin8t@twould reduce

13



thermal stress imposed on a canine by the environment, thredgtimg the amount of
radi ant heat absorbed by the body; thereby

tolerate the stressors of work and heat.

Materials and Methods

Subjects

FifteenadultLabrador etrievers werselected for the stud@ne camewas
removed from the study due to refusalto run on thereadmil| sodatawas cdlected
from fourteen canines he canines had average agef 25+ 1095 months,andan
average weight a28.7+ 3.0kg. There weraeinefemales and five maleandall were
reproductivelyintact Labrador retrieverbave a double coat with a thick, dense, hard,
weatherresistant top layemal a soft, downy undercodthere were ninblack coated,
four yellow coated, andnechocolate coated canines in this stutllyirteen canines had
medium thickness to theiur coat while one yellow coated canine had very thick fur
coatwith a fuller downy undercoathe caninesvere sourcedfrodu bur n Uni ver si
Canine Performance Sciences prograhrere was no formal conening program for
the caninesn this stuly; however theydid takepart ina standard exerciggogram that
consistedf nose time for detection trainingegular easyaced trotting/walking for
moderate distanceas well as time for freplay; they exeraed up to five days per week.
Nose time means they participated in working detection problems and used their nose

(olfaction) capabilities to locate positive targéiteese are purposely bred and raised

14



working caninesnot petsThe nature of the projeatare, and use of tleanine was
approved by an Institutional Animal Care and Use CommiRger to entering the
study,each canine hadphysical examination performdxy a veterinariamo ensurets

ability to participate in the study.

Research Envonmentand Environmental Temperatures

The research was conducted memvironmentatoom. Theroomwasconstructed to
allow for the manipulation of thermal environments to recreate the conditions experienced by
canines working outside at different time&the year The room waditted with air
conditioners, heatergeat lamps, and humidifiers

A Wet Bulb Globe Temperature (WBGT) was used to quantify the working
environment (International Standards Organization, Standard 7243, 1989). TheoVBGT
index isa measurement which combines the effects of humidity, air velocity, air temperature
and radiant heanto one single index. Each sample was recorded at a height of 75 cm
relative to the ground and next to the treadmill where#mnewas running, whiclgave an
assessment of the thermal load on the canine.

The WBGTotemperature andumidity of the chamber was held constant at 27° +
0.63°C / 60% = 3.35 respectively, to create an environment that was $ovth@ average
climate reporfor the Auburn, A area, from the National Weather Service in Birmingham,

AL from July of 2014. There were fi@50W, 120V Infrared Clear Heat Lamps hanging
from the ceiling of the room to simulate outdoor radiant fe=d figure 1)The WBGT was
recorded 5 minutes intbié 20 minute run of each canine, but was monitored continuously

during eachrial to maintain the correct temperature.

15



A fan was used to circulate and mix the air to prevent micro climates from forming
around the canine or the equipment and to simulatenri ng out si de. Si mi |l &
study (1971), a fawas placed p@endicular to the caninen therunningsurfaceand the

wind speed wasnaintained a#.8 kmh1.

Figurel: Canine on treadmilith IR lights hanging from ceiling.

16



WorkIntensiy/Conditions

Physicalf t ness pl ays a | abilitygcthemmoregalata. The an ani
caninesm this study did not go through a standardized condition program, but are from a
pool of specifically bred and trained group of detectanine that eceived detection
caninenose timeand exercised up to five days a welkse timaneans theanines
participated in working detection problems and used their nose (olfaction) capabilities to
locate positive target3hecanines in this study lived in indar/outdoor kennel runs and
were acclimatized to the thermal load selected for this sfttgcaninewastasked to
run on a JogPog® treadmill for 20 minutes atBmh-1 at a 0% grade (Jogdaniné®,
LLC. 5051 Piehl Rd., Ottawa Lake, MI 49267, USAhe cannes were acclimated to
treadmill running & days priotto data collection to ensure eazdminewas comfortable
running on the treadmill and to ensure there would not be any false anxiety/anticipation
that effected the physiological parameters during daitaction. Thework intensity
component of this study wasodelled afteSneddon et al1089, Wyatt and Mitchell
(1974) Gillette and Anglg€2011), andTaylor et aldo £1977) studies.Themethodology
utilized inthose studiebad canines exercisewbrkloadsthat rangedetweer6.4-12.8
kmh-1 at 610% inclines for a duratiorbetweer20 minutes to hour. The intensity of the

work | oad was expected to show a significa

CanineExerciseConditions
Eachcanineparticipated in data collectioduring the morning hours betweear812
pm, for four consecutivalays in randomconditionorder. One condition/treadmill running

activity occurred per day.
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The four conditions were:
1. CanineControlwith no added stivest(Dog Condition)
2. Caninewith Canvas vest (typical servigeorking caninecanvas vestjCanvas
VestCondition)
3. Caninewith Canvas vest with th@luminet® material placed oveéhe Canvasvest
(Canvas/Alumine® VestCondition)

4. Canine with Aluminet®uit (Aluminet® Suit Condition)

The Alumine® Suitcovered 723.9 cm?2 oftreanin® s body, whil e t he
and the Canva@8luminet® Vestcovered 346.7 cm? of treanin® s bTbedCanvas vest
weighed 270g; the Canvas/Alumit@t/ estweighed 320g (27g Canvas, 50g Alumin@t
material);andthe Alumine® Suitweighed 70gPrior to conducting the study, thermal
penetration was tested on the canvas material, and in a 20 minute period, the temperature of

the underside of the canvas was 1°C higher thatethperature on the canvas outside.

Aluminet® Suit

Aluminet® (Patent US 8978342 B2, 2015) is a mesh material made from a
metalized high density polyethylene (HDPE) thermoplastic. Variations in the mesh
construction are defined by the percentage of HDRIEerial to air gap surface area (e.g.,
50% has 50 percent exposed HPDE material with 50 percent open air gaps). Aluminet®
is available in five varieties, categorized by the percent shade provided. Standard widths
range from about 6.5 to 28 feet and tetigths are available up to about 1600 feet.

Typically used in greenhouse settings, it has shown to reduce greenhouse temperatures by
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9-14%. The material is durable, does not unravel, it can be cut and sewn at any angle with
no fraying or damage to the tdhounder normal use, and maintains a-fyear warranty

against ultraviolet exposure in greenhouse applications (Pascog 20&b).The

Aluminet® material was sewn into a suit for tenine The suit covered the entire back

of thecaninefrom just bebw the collar down to the tail. Twantton straps that went

under the belly, a chest strap, and a strap to the collar were used for holding the material
in place. The Aluminet® 50% weave was used to construct the suit. A 50% weave means

that the material W alleviate 50% of the radiant heat load.

Procedures for Collection d¢thysiological Dataand Infrared Thermal magng

Two forms of core temperaturi@ectal and Deep Bodwere collectedduringthis
study.Both were necessary becawde¢hetime of wllection. The Deep Body &mperature
methodwas able to be collectetliring exercisewhile the Rectal @mperature method could
only becollected before and after exerciBectalTemperature was recad by aWelch
Allyn Sure Temp Plus Rectal Thermometeait was covered ia plastic sheath and inserted
7 cm into the rectum of a canink wasplaced on the external wall of the recttoravoid
fecal matter, which could altéemperature readinghe Welch Allyn system has a specified
accuracy of + 0.1°C ahwas recalibrated prior to its use during this projeettal
Temperatures were taken HEgercise, PosExercise, Post 10 minutes, and Post 20 minutes.
Deep BodyTemperature was recorded dYellow Springstemperature monitor system with
an insulatedléxible rectal prob¢hatwas at t ached to the caninebod
the back of the canine to attach to the tail with white athletic tape then insertexiriid the

rectum of the canin&his flexible probe was able to trav&tmfurtherthan the Welch
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Allyn systemand was able to collect temperature during exertise.Yellow Springs
systemwas used to take the canine t e mp e r-Exeraise RostExercis®, Past 10
minutes, and Post 20 minutes, and was sampled every 5 minutes Harfgrtinute

treadmill running sessiofRectal and Deep Body values were averaged together to get one
Core Temperature Value.

A portable nulti-parameter Veterinary Monitor (VET400A) was used to record
electrocardiogram (EKG) data obtainHeat Rate inbeats per minute. RespiratoRate was
evaluated via auscultation and was reported as the number of breaths inspired/expired per
minute.Heart Rate and Respiratory Rateere taken Pr&Exercise, PosExercise, Post 10
minutes, and Post 20 minutes.

A FLIR SC6@ Infrared Thermalmaging (IR) Camera wasisedto capture thermal
imagesof the face/nose of the canine to look temperatures anghatterns associated with
the environmental conditiondR face/nosemagesweretaken PreExercise PostExercise,

Post10 minutesandPost 20 minutes

Statistical Analysis

SPSS version 22.0 was used for all statistical analyses. For the variables of Heart
Rate, Rectal Temperature, Deep Body Temperature, Respiratory Rate, and Maximum IR
Nose Temperatures, a repeated messANOVA was used with factors of Time (Pre
versus Post Teelmill Run) and Condition (Dogyo vest), Canvas Vest,
Canvas/Aluminet® Vest, and Aluminet® suit). The same variables were analyzed during
the Recovery phase with factors of Time (Post versusI®ogersis Post 20) and

Condition (Dogno vest), Canvas Vest, Canvas/Aluminet® Vest, and Aluminet® suit).
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Statistical assumptions of the ANOVA were met for all variables and the sagraéc
level was set at alpha0.05.

In order to followup a significant Time (PrePostTest) by Condition interaction
in Heart Rate, a series of dependetaists were used to compare-ReePostTest in each
condition separately. Similarly, in order to follow up a significamhdi(Post, Post10,
Post20) by Condition interaction for Heart Rate, we conducted fallpnepeated

measures ANOVA with single factor of Conditiorr feach time point, separately.
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Results
Physiological Parameters
1 Thecanines in the Canva¥estand Ginvas/Alumineg® Vestconditions had
significant(PQD.05)increassin Heart Ratdrom Preto Post work.
f Alconditi ons h a@o5alecsasgin Hefri RétanmPost to PoSt
10 work.
0 Thecanine wearing the Canvas Vest and Canvas/Aluminet® Vest
consistently laid down on tiground after théreadmill run during Post
work recovery.
0 The canines in the Dog and Aluminet® conditions consistently sat on their
bottoms and did not want to lay on the flaringPost workrecovery.
0 Heart Rate in the Canvas Vest and Canvas/Aluminat@ conditions,
Post to Post 10, showed the largest significant decrease of 29 and 20 beats
per minuterespectivelywhen the canine was lying down on fteor.
0 Heart Rate duringheDog and Aluminet® Suit conditiordemonstrated
smallersignificantdecreasg of 16 andl5 beats per minutegspectively
when the canireweresitting ontheir bottons during recovery
1 PreHeart Ratevalues in the Doganditionwhencompared to the other three
conditionshad a P value of 0.052
1 The study resulted in no significant diféeice (P0.05) betweercondtions for

Heart Rate
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Figure 2belowshows the average Heart Rate and standard deviaiooss

conditions.

Heart Rate across Conditions
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Time and Condition

Figure2: Heart Rate across Conditions.

O Statisticalsignificance(P(0.05),is noted with an (a, b, ¢, d, ¢,d@nd only pertains
within that condition antb that garticuar time point.

O The Canva¥estand Canvas/Aluminet®est onditionshad statistically
significant(PQD.05)increasesPre to Post worknotedwith the b and).

o All conditionshad a significant (80.05) decrease in Heart Ratering Post to
Post 10 work (noted with a, c, e, and f).

6 Pre Heart Rate in the Dog Condition compared to the other three conditions, had a
P value of 0.052.
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There was an increaseMaximumIR Nose Temperatures from Pre to Post work
in all four conditionsTheMaximumIR Nose Temperatures in the CanWaestand
Canvas/Alumine® VestconditionsdecreaseéPost to Post 20 workthe MaximumIR
Nose Temperatures in the Dog and Alum@ebnditions maintaiada relatively even
temperature Post to Post 20 wddawever, the study resulted i significant(P>0.05)
difference between conditions for MaximuR Nose emperatureFigure 3below
shows averagklaximumIR Nose Temperatures anéstlard deviations across

conditions.

Maximum IR Nose Temperatures across Conditions

DegreeC

Pre Post Post 10  Post 20 Pre Post Post10  Post 20 Pre Post Post10  Post 20 Pre Post Post10  Post20

Dog Canvas Canvas/Aluminet Aluminet
Time and Condition

Figure3: MaximumIR Nose Temperatures across Conditions
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The average Pre valdier CoreTemperatures of atlanines was 38.7°C + 0.35.
There was an increase@oreTemperaturérom Preto Post work in all four conditions
and a decrease Post to Post 20 watkwever, he study resulted in no significant
difference (P®.05) betweermrondtions forCore Temperaturd-igure 4 belowshows the

average values and standard deviation€fme Temperatureacross conditions.

Core Temperature across Conditions

DegreeC

5 10 15 20 Post Post Post| Pre 5 10 15 20 Post Post Post| Pre 5
min min min min 10 20 min min min min 10 20

10 15 20 Post Post Post| Pre 5 10 15 20 Post Post Post
min min min min 10 20 min min min min 10 20

Dog Canvas Canvas/Aluminet Aluminet
Time and Condition

Figure4: Core Temperature across Conditions
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There was an increase in Respiration from Pre to Postavalla decrease Post to
Post 20 work acrossonditions.However, he study resulted in nagsificant difference
(P>0.05) betweercondtions forRespiratory Rate. Figureldelowshows the average

values and standard deviations for Respiratory Rates across conditions.

Respiratory Rate across Condidions
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Figure 5 Respratory Rates across Conditions
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Infrared Imaging

Infrared images allow bodgmperatureand patternso bedisplayed. The
regions of interesn the present study includlee caninéd easal cavities, tongudprsal
spine (back) and shouldefhe Aluminet®Suitcovered 723.9 cm2 dhecanind s body .
The Canva¥estand the Canva&luminet® Vest covered 346.7 cm? of thanin® s
body.Table 1belowshows hecomparisondetween each condition and coverage area of

vest/suit The vest/suiand strapgthat hold the material in placare outlined in white

Dog (No Ves) Condition

No Coverage
The canine in the Dog condition is hotter than the other three conditions.

Spot 190.3 ° ; Spot190.3 “

Canvas Condition

Vest covered 346.7 cm? o&nine
The temperature pattern for the Canvas Vest is the hotteégifies three vest/suit
conditions. The Canvas Vest is hottest along the apex and the warmer tempe
extend halfway down the side of tbanine

Spot 189.8 °F 99.7 Spot 189.8 °F
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Canvas/Aluminet® Condition

Vest Covered 346.7 cm? o&nine
The Canvag\luminet® Vest is hottest at the apex and the warmer temperature €
a quarter of the way down the side of the dog.

Spot195.4 °F Spot195.4 °F

Aluminet® Condition

Suit covered 723.9 cm?2 ghnine
The Aluminet® Suit covers the entire backiloé canineand the material is cooler
than the other areas on ttenine

Spot194.5 °F Spot 194.5

Table 1: IRImages of Canines Running durial Conditions The vest/suiaind straps,
that hold the material in place, avetlined in whiteto dsplay the temperature patterns
and areas of coverage.
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IR Nose TemperaturéncreasedPre to Post workTable 2belowshows the
average increase and standard deviatimmgeach condition.

IR Nose Temperatures in °C
Condition Dog Canvas Canvas/Aluminet Aluminet
Time Pre Post Pre Post Pre Post Pre Post
Avg. 34.1 36.0 34.4 36.5 34.2 36.5 34.1 36.0
StDev. 1.7 0.8 1.8 0.8 1.6 0.8 2.5 0.8

Table 2: IR Nose Temperatures Pre to Post across Conditions

Table3 belowshowshow the work effectaasal temperaturée to Post workPost
work thecaninehas an increase in temperature in the nasal etdavities It is panting
heavily with its mouth open.

PreExercise Post Exercise

Spot195.4 | °F

& R L = 84.3

Table3: IR Imof aCaninePre and Post Treadmill Run

Post workcanines panedheavilywith their moutls open.Table4 belowshowsPre to
Post workaverageRespiratory Rtes and standard deviations during each condition.

Table4: Respiratory Rates Pre to Postass conditions
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