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Abstract

Canine agility has become one of the fastest growing dog competition sports with dog owners
guiding the dog through a fixed course with hurdles, ramps and other obstacles in high speed.
Dogs participating in agy is in risk of getting soft tissue injuries in their shoulders and hacks
especially when running the-lame and jumping hurdles. The aim of this thegésto

investigate how the muscles in dogs are affected by altered height of the hurdles anefridume\

to avoid agilityrelated injuries. Additionally, the effect of chosen contact method on tHeafe
was investigated, comparing the running and the 2mff contact methodAs the dogs were to be
warmed up and cooled down in connection with the Isiahe effect of warrrup and cooldown
exercises on muscle function was also investigated

Muscle activity was assessed witie use of acoustic myography which allows assessing the
muscle function of dogs in real time while the dogs are performingyadiourteeniargedogs of
different breeds participated id trials. First the dogs were warmagp performing general and
specific warrup exercises foB times5 minutes. Second the dogs jumped a sequence luirdles
positioned7 meters apart first with a height of 45cm (low), next 55cm (medium) and finally 65cm
(high). This was repeateditimes. Thirdly the dogs ran theffame three times in three different
heights 170cm (high), 150cm (medium) and 120cm (low) respectively while practicing their
preferred contact method. Subsequently they ran the higfraine three times using thether
contact method. Fourthly the dogs performed aibnute cootdown exercise. During the four
trials, the dog wore a harness equipped with a CURO measuring muscle attindgps brachii

and gluteus superficialis on the right side of the dog via sensors positioned above each muscle.
The dog owners were asked questions regarding the characteristics of the dogs, practice of agility
as well as history of injury.

The resubk showedan increased coordination in triceps brachii after 5 minutes of wapm
exercises and a general improved use after 10 minutes of warmxercises. Meanwhile no effect
was found in gluteus superficialiBhe dgs generally had an improved usetraéeps brachii and
used gluteus superficialis more coordinated when jumping high hurdles compared to low. Dogs
used to practice the 2o0off contact method recruited less muscle fibres in gluteus superficialis
when running up the low Arame compared tolie high. Meanwhile triceps brachii was used more
coordinated when running down the highflame compared to the lowhen the contact method
used was not considered he dogs used triceps brachii more coordinated and overall better when
practising the2on-20ff contact method compared to the running contanethod when running

both up and down the Arame. Similar results were seen for gluteus superficialis when running
down the Aframe. The coetiown exercise had no effect on muscle activity in the dogssDog
training weekly had an improved muscle activity during all exercises.

In conclusion, it cannot be recommended to lower the hurdles or tiake to avoid injuries and
the practise of the 2o120ff contacts method is preferred. Dogs improve their meisctivity

when performing warrrup exercises while coalown exercises has no immediate effect. It is
recommended to practise weekly as this improve muscle activity.
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Resumé

Hundeagility er en af de hurtigst voksende hundesports, hvor ejeren guider sthgannem en
fastsat bane med spring, balance og andre forhindringer i hgj fart. Hunde der deltager i agility er i
risiko for at fa skader i det blgde vaev i skulder og ryg, specielt nar de forcéreetfet og
hajdespringene. Formalet med dette speciade at undersgge, hvordan hundenes muskler
pavirkes af andringer i hgjden pa springene dyattet med det formal at undga

agilityrelaterede skader. Effekten af hvilken metode man har valgt tfl htinde til atage felter

pa Abrzettet blev ogsa undersgged at sammenligne lgbefelter og 2@af felter. Da hundene
alligevel skulle varmes op og keles ned i forbindelse med afvikling af forsddmneffekten af
opvarmning og nedkgling pad musklerne ogsa undersggt.

Muskelaktiviteten blev undersggt ved lgaf acoustic myography, som ggr det muligt at
undersgge muskelfunktionen hos hunde i aktuel tid mens hunden lgber agility. Fjorten store
hunde af forskellige racer deltog i 4 forsgg. Ferst blev hundene varmet op ved at udfgre bade
generel og specifik opwaning i 3 gange 5 minutter. Dernaest sprang hundene en sekvens pa 5
spring placeret med 7 meter imellem, farst med en hgjde pa 45cm (lav), dernaest 55cm (medium)
og til sidst 65cm (hgj). Dette blev gentaget 3 gange. | det tredje forsgg lgb hundene-loneettét

3 gange i 3 forskellige hgjder henholdsvis 170cm (hgj), 150cm (medium), lav 120 cm (lav), mens de
udfgrte deres vantdelttreening. Efterfglgende Igb de det hgjebkset 3 gange, mens de udfarte

den andemmetode til traening af felterl det fijerde forgg lavede hundene nedkglingsgvelser i 15
minutter. Under alle 4 forsgg bar hundene en sele med en CURO pamonteret. Denne malte
muskelaktivitet i triceps brachii og gluteus superficialisipadenshgijre side via sensorer placeret

pa huden over hver musketlundenes ejere blev stillet spgrgsmal omhandlende hundens
karakteristika, agilitytreening og skadeshistorik.

Resultaterne viste eforbedret koordinering africeps brachii efter 5 minutters opvarmning og en
generel forbedring efter 10 minutters oprraning. Til gengeeld blev der ikke fundet nogen effekt
pa gluteus superficialis. Nar hundene sprang de hgije spring brugte de generelt triceps brachii
bedre, og gluteus superficialis var bedre koordineret sammenlignet med nar de sprang de lave
spring. Hundesom var vant til at treene 2paaf felter rekrutterede feerre muskelfibre i gluteus
superficialis, nar de lgb op ad det lawdbret sammenlignet med det hgje. Til gengeeld blev
triceps brachii brugt mere koordinergtar de lgb ned ad det hgjelfvaet sammentinet med det
lave, hvilket gjaldt alle hundenganset felttraening Hundene brugte triceps brachii mere
koordineret og generelt bedre nar de udfgrte 2paf felter sammenlignet med lgbefelter bade pa
vej op og ned af Areettet. Lignende resultater blev fuetifor gluteus superficialj:ar hundene

lzb ned af Abreettet. Nedkalingsavelserne havde ingen malbar effekt pa hundenes muskler.
Hunde som treener ugentligt havde en bedre muskelaktivitet under alle forsggende.

Det kan konkluderes, at det ikke kan andefaat saenke hgjden pa springene obréettet for at
undga skader, og at det bar foretreekkes at treene-2péfelter. Opvarmningsgvelser forbedrer
hundenes brug af deres muskler, mens nedkglingsgvelser ikke har noget umiddelbar effekt. Det
anbefales at traae ugentligt, da dette forbedrer brugen af musklerne.
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1.0 Introduction

1.1 Canine agili

Canine agility (agilitypas become one of the fastest growing dog competition sports since its
beginning as entertainment in the 1978 Crufts Dog Show and is today one of the largest canine
activities in the world (Lewst al. 2013; Drinkwater 2017; United States Dog Agility Assion

2017). In 2002 the American Kennel Club registered 239 trials with 106,661 entries, and after a
total of 22 years offering agility trials, the numbers have continually increased until the newest
statistics for 2016 with 3684 trials held with 1,22806entries (American Kennel Klub 2017). No

such statistics can be found for agility competitions in Denmark, but the Danish Kennel Club (DKK)
registered 37 trials in 2012 which has continually increased till 45 trials in 2016 (Dansk Kennel Klub
2017a).

Aglity is a sport practiced by a handler with a dog. The handler shall guide the dog through a
course with multiple obstacles within a predetermined time and the obstacles must be assessed in
the correct order. The obstacles include high jumps (hurdle&gme, wall, tyre, sesaw, dog

walk, flat tunnel, tube tunnel, weaving poles, long jump and table. The design of each obstacle can
be seen inappendix AThereare different regulations all over the world, but to ensure a

homologue execution there are s@xmajor international organizations who have made a set of

rules or guidelines to follow. This will be explaifedher in sectionl.1.2 Stakeholders

In Denmark, the dogs are divided into three heights small, medium and large respectively. Small is
for dogs measuring less than 35 cm at the withers, medium is for dogs measuring between 35 cm
and 43 cm at the withers, and large is for dogs measuring more than 43 cm at the withers
(Federation Cynologique Internationale 20).78here are three levels of conegity. The

LI NOAOALI yGa adIrNI d 0SIAYYSNERQ fS@St G €SO
failure and within a restricted time they move up to level 2 for more challenging courses, and may
advance to level 3 as the highest level. €ach level, the height of hurdles is increased, while the
height of the other obstacles is unaltered. The course may consist of up to 22 obstacles with no
less than 7 hurdlegDansk Kennel Klub 201@anmarks civile Hundefgrerforening 2015;

Federation QGyologique Internationale 2017%aFor 10 agility competition courses in DcH held in

2017 the hurdle was on average performed 13 times ranging from 11 to 14 hurdles on a course
(Ehrenreich 2017). The repetitive nature of jumping hurdles when performingyaggy

contribute to a higher risk of injury (Leeyal.2013; Pfatet al.2010).
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Agility is associated with a risk of injuries in dogs and as the sport has evolved over the years more
focus has been made on security and avoiding injuries, both throughest and change of

regulations.

1.1.1 Risk, site and cause of injury

Injuries can be classified according to which tissue is injured being skin, bone, muscle/tendon and
ligament. However, this study will focus on the muscles in which strains, spralroatusion
may occur. In recent years studies have been made to investigate the risk and cause of injuries in

dogs performing agility.

Leviet al. (2009) completed a preliminary retrospective survey in the period from November 2005
to February 2006 in kich 1627 agility handlers answered a euegge questionnaire regarding
agility related injuries in their dogs. As it is a preliminary survey it should be interpreted with

caution.

Cullenet al.(2013a,b) performed a retrospective internbased survey ithe period from March

to September 2009 in which 1669 handlers from all over the world completed surveys for 3801
dogs regarding agility related injuries in their dogs. From this survey two articles have been
published, one examining the nature and pewesl cause of injury in dogs and another using
multivariable techniques to find risk factors.

Zachanyet al.(2014) made a pilot study in which a questionnaire was administered to 217
handlers with 431 dogs competing in 5 trials in Ohio ovensoéth peiod and ending with a
follow-up survey at a sixth trial. The questionnaire regarded agiiyted injuries among both
handler and dogs, but only the results for the dogs is of interest in this thesis. As it is a pilot study
with a small sampling size,should be interpreted with caution.

For the purpose of getting an easier overview of the results from the different surveys a table is
made listing the risk, type, site, cause and severity of agéigted injuries. This can be seen in
table 1 in whichthe two articles by Culleat al.2013a andb are handled as one source.

Dogs get injured both at training and competition, but taken the hours spent on performing agility
into account a tendency for a higher risk of injury at competition is shown. Baalkes are at

higher risk of injury and alternative therapeutic treatments as well as the experience of the dog
and handler may have an influence of risk of injury. It is often soft tissue injuries in shoulder and
back caused by direct contact withflame, dog walk or hurdles. It results almost equally in both
minor and major injuriegLevyet al.2009; Culleret al.2013a,b; Zachargt al.2014)
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A risk of injury is inevitable when performing agility, but what can be done to minimize the risk.
Both adlity related organizations and the handlers as stakeholders are making an effort to lessen
the risk of injury.

Table 1a: Results found in four articles: Levy et al. (2009), Cullen et al. (2013a,b), Zachary et al. (2014)
respectively describing risk, type, site, cause and severity of agility-related injuries.

Article Levy et al. 2009 Cullen et al. 2013a,b* Zachary et al. 2014
Risk 33% of the dogs has been 32% of the dogs had been Of the injured dogs (n=35)
injured, of these 58% occurred | injured. 45% occurred during
during competition while the The risk of injuries is the same | competition (1.74 injuries per
42% occurred during training. for competition (46%) and 10000 runs) while 47%
Border collies were training (45%). occurred during training (1.72
significantly more often Dogs are at higher risk when: injuries per 10000 hours).
injured. they have previously been
i njured, dog h g Dogsvisiting a chiropractor
experience and the use of had 2.63 times odds of injury
alternative therapeutic and dogs getting massage had
treatments. 2.40 odds of injury.
Contrary dogs are at lower risk
when: dog have >4 years of
experience and handler h a
years of experience.
Type Soft tissue injuries were the Soft tissue injuries were the Strains, cut/scrapes and
most common type of injury. most common type of injury. sprains
Sprains, strains and Sprains, strains and
contusions. contusions.
Site The shoulders (20%) and Shoulder (23%), back (19%), NA
backs (18%) were most phalanges (13%), neck (12%)
commonly injured. The stifle, A significant higher number of
hip, carpus, phalanges were injuries was found for:
injured less frequently. - hurdles in: shoulder, stifle
joint, carpal joint and
antebrachium.
- the A-frame in: shoulder and
phalangeal.
- the dog walk in: ribcage and
head.
Cause Direct contact with an obstacle | The three obstacles causing Direct contact with an obstacle
(35%), contact with ground the highest number of injuries (32%), slips/fall (incl.
(18%), slips (18%), overuse where hurdles (16%), A-frame | obstacles) (29%),
(17%) (15%), dog walk (11%) The four obstacles causing the
The three obstacles causing Environmental factors (eg. wet | highest number of injuries
the highest number of injuries | grass) (13%) where A-frame (11%), flat
where A-frame (29 %), dog tunnel (11%), tyre (not a break
walk (19%) and hurdles (17%). away tyre)(8%) and dog walk
(8%).
Severity | For obstacle-related injuries For the injuries occurring at 26% were minor injuries, 26%
46% caused minor injuries and | practice 55% were minor and were major injuries and 18% of
42% caused major or chronic 45% were severe injuries. the injuries were chronic while
injuries. 67% of the retired For the injuries occurring at 5% required surgical repair.
dogs retired due to agility- competition 52% were minor
related injuries. and 48% were severe injuries.

*Cullen et al. 2013a and -b are listed as one source as the two articles come from the same survey.
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1.1.2 Stakeholders

In Denmark, most associations offering agility follow the rules made by the Fédération

Cynologique Internationale (FCI). The FCI is a world canine organization with 91 member countries
and a contract partner for each countfgesides making sure the judgement of pedigrees is
homologue, FCI also set a standard for international agility competitions to ensure a homologue
execution between member countrie§ederation Cynologique Internationale 20)7bhis is

done through agity regulation, equipment standards and guidelines for agility judges made by the
FCI (Federation Cynologique Internationale 20 Ekaleration Cynologique Internationale 2017a
These regulations are made and revisited by the FCI agility committee withi€kmen member
countries, where Allan Hansen who is the chairman for agility in the Danish Kennel Club (DKK)
currently represent Denmark (Hansen 2017). The Danish Kennel Club is the contract partner in
Denmark and full member of the FCI. The DKK prinfailys on the work with pedigrees, but do

also offer activities for dogs and their owners such as adiiéngkkennel Klub 2017jbBesides

DKK other bigger associations such as Danmarks civile HundeeiddlS Yy Ay 3 05 Sy Y I NJ Q
handler association (DcH)) and Danske Gymnasgikdreetsforeninger (Danish Gymnastics and

Sports Associations (DGI)) offer canine agility training and competitions together with other
smaller associations (Danske Gymrasig Idraetsforeninger 201y, Danmarks civile
Hundefgrerforening 2017a; Kvistgard Agility Forening 2017; Dansk Agility Forening Kgbenhavn
2017). Most of the agility associations in Denmark follow the FCI regulations for a homologue
practicing of the caninsport in the country, although some with modifications as suggested by
the FCI (Dansk Kennel Klub 2014, Danmarks civile Hundefgrerforening 2015, Danskstitsyogn
Idreetsforeninger 2017dederation Cynologique Internationale 2017a

Both the FCI, DKRcH and DGI make the regulations in the interest of the participants and the
security of the dogs. The participants may affect the work of the organisations through public
discussions which has been more pronounced in recent years as Facebook hasaféeged
advantage on this part (Sommer & Berthelsen 2017). This has given the participants more power,
but also made room for all kind of rumours regarding speculations of changes in rules and fast
distribution of unscientific knowledge of what causes rfig8. The judges have a great deal of

power themselves as they may choose to avoid using obstacles they deem to be unsecure and
make a safer course for the dogs as they approach and leave the obstacles. An example could be
the case with the closed tunndh recent years, the closed tunnel has been highly discussed, due
to the risk of the dogs slipping and getting entangled in the closed tunnel as well as bruising their
noses against the fabric. Pressure from the participants has forced the agility commsniitte

several countries to reassess the equipment. From August 30, 2016, the American Kennel Club and
The Kennel Club in UK has suspended the use of the closed/collapsed tunnel due to safety of the
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dogs The Kennel Klub 201Blerwig 2017). They are not méxrs of the FCI and have their own

council regulating the rules. Shortly after the suspension of the closed tunnel in the American
Kennel Club and The Kennel Club in UK there have been no or very little use of the closed tunnel in
Denmark chosen by the jges. Although the closed tunnel is currently not going to be omitted,

the design and use will be revisited (Hansen 2017). Generally, the regulation and the obstacles

have been revisited over the years to avoid injuries.

1.1.3 Change of regulation and practise to avoid injuries

To avoid injuries and in the interest of evolving the sport, adjustments have been made to the

agility regulations.

In 2014 the DcH changed the regulation according to the height of the hurdle. Previously the
heights for the large dgs was 65 cm, but with the newest regulation an interval fror656@m

was made which is similar to the level 2 height (Danmarks civile Hundefgrerforening 2014). This
opened the opportunity for lowering the heights of the hurdles in level 3 if chosenéjutige.

This also apply to the current regulation from the DKK. Still the height of the hurdles is most often

higher in level 3 compared to level 2.

For the FCI the most recent regulation was made in January 2012 where the plank of the dog walk
was chaged to being no longer than 3.80 meters and the height no longer than 1.30 meters
compared to the previous measures of 4.20 meters and 1,35 meters respectively (Danske
Gymrastik og Idreetsforeninger 2017&ederation Cynologique Internationale 20).7&his

resulted in a higher slope on the plank going up and down the dog walk for many dog walks in
Denmark. Likewise, the length of the se@w has been shortened from being no longer than 4.2
meters to 3.8 meter (Danske Gymnastikj Idaetsforeninger 2017g@eaderation Cynologique
Internationale 2017a This is probably done to minimize the force of impact, but the reason for
this change is currently unknown, as there has been no publication from the FCI agility committee
(Hansen 2017). The height of theframewas lowered from 1.9 meter to 1.7 meter approximately

10 years ago (Hansen 2017), but no documentation regarding this was found. A lot of the
reasoning behind the change of regulations is not published (Hansen 2017). In march 2007 the
United States Dog Aligy Association (USDAA) changed the height of tieae for large dogs to

be no higher than 180 cm (71 inches) compared to the earlier 190 cm (75 indmés)(States

Dog Agility Association 20D7This was among others done to lessen the impacbgkdunning

the Aframe with the 2o0R20ff (2020)contact method(Schwar2007).

The 2o0Rr20ff is a method to ensure the dogs touches the contact area which is the last 106 cm
from the bottom of each renp on the Aframe (picturel) and 90 cm on the dog wadkd see saw.
This area is painted in another colour than the rest of the obstacle and shall be touched with at
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least one pawKederation Cynologique Internationale 20).7&he exception is the run up the A
frame at the DcH (Danmarks civile Hundefgrerfangr2015). This rule is made for security
reasons ensuring the dog do not jump from high grourttere are two main practices in Denmark
when training the instance of taking the contact arethe 202ccontact method and the running
contact method When prctising the 202acontact method the dog runs the-flame and before
leaving it stands still witkis hind paws on the contact area and the front paws on the ground until
a release command is givepigture 1). When using the running contact method, thegdouches

the contact area in the run and do not slow dovpicfure 2). Bothmethods may be trained with
strict methods or loosely learned, and the results and efficiency differ greatly at competitions. The
2020-contact method is highly discussed due te fimpact force on the legs when making the
stand, which is one of the reasons, together with the increased speed, some handlers prefer the

running contacts.

Picture 1: Dog practicing 2on-20off contacts on an A-  Picture 2: Dog practicing running contacts on an
frame. A-frame.

The Federation Cynologique Internationale (2017c) has published a new regulation valid from
January 2018 in which the maximum height of the hurdles will be lowered 5cm ipesliresulting

in a maximum height for the large dogs of 60cm. How this may affect the dogs and the risk of

injury is unknown. For the FCI, DKK DGI and DcH to make scientific evidence supported changes in
regulations they need scientific knowledge of theypics and anatomy of the dogs and how the
changes in regulation may affect them to achieve the actual goal of avoiding injuries.

1.1.4 A sum-up

Dogs performing agility are at increased risk of getting soft tissue injuries in shoulder and back
especiallywhen jumping high hurdles or running theframe. Studies have been made to find the
cause of injury and to investigate how the dogs are affected by different setups. Still requests are
made for further studies to identify how the internal limb structureay be related to injury (Pfau

et al.2010), and cited from Cullest al.6 H n mAndniportant future goal is to identify
improvements on equipment, techniques, or both that may reduce the risk of injury among these
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canine athlete6 ¢ KA & Y dza dnly d She iR&abtDf the Brjanizations making the rules,

but also in the interest of the handlers performing agility with their dogs.

The hurdles and ftame will be in focus in this thesis together with the muscles triceps brachii
and gluteus superfialis. The reason to choose these muscles is that the activity of triceps brachii
are increased when both ascending thérame and jumping hurdles (Cullen al.2017), and

gluteus superficialis make propulsion work together with gluteus medius (Rebalt2000)

From this knowledge, it sxpected that these muscles are affected when jumping hurdles and
running the Aframe. Their activity can be measured with the use of acoustic myography (AMG)

showing in ES™-scores and this will be further explainedsection1.8.1 Acoustic myography

1.2 Problem formulation and hypothesis

The purpose of this thesis is to investigate how the muscles in dogs are affected by altered height
of the hurdles and the Arame to avoid agilityelated injuries.

This is imestigated with the following hypotheses:

1. Triceps brachii and gluteus superficialis shows a lower level of muscle engagement when
jumping lower compared to higher hurdles, as assessed by a highéVE&dre.

2. Triceps brachii and gluteus superficialis se@aMower level of muscle engagement when
running an Aframe with a lower height and slope compared to a higher and steeper A
frame, as assessed by a higher B&Jgore.

3. Triceps brachii and gluteus superficialis shows a lower level of muscle engageneent wh
using a running contact method compared to the 22wff contact method when running
the Aframe, as assessed by a higher BE%3core.

As it is intended to make the dogs perform waum and cooldown exercises before and after the
trials respectively,he effect of this is measured as well, with the following hypotheses.

4. Triceps brachii and gluteus superficialis show a higher't=§3are as a result of the
performance of warrrup exercises.
5. Triceps brachii and gluteus superficialis show a higher'®8ddre as a result of the
performance of coetlown exercises.
¢tKS NBlFaz2yAy3d 0SKAYR (GKS&AS KelLRGKSasSaQ gAaff o
1.2.1 Delimitations

Some delimitations have been applied to the thesis to minimize the size of the thesasbulue
to more practical reasons. No more than two agility obstacles, each in three heights, were chosen
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due to the time available and to avoid muscle fatigue. The number of muscles are chosen to limit
the size of the thesis, but also as a consemenf the chosen assessment techniqddie AMG
equipment also limited the size of the dogs being able to participate in the experiment as
explained irsection2.1 Recruitment of participantsesultingin dogs below 43 cm at the withers
were excluded. Only dys from Denmark and especially the capital area would participate in the
experiment due to the location of the trials. The effect of wammexercises on the performance

of the following exercises will not be investigated. Likewise, the effect of thedmwh exercises

will not be assessed hours and days after the trial. In general, there will be no comparison
between the different type of exercises or between the two muscles. The kinetics, force and
change of length of the muscles and other aspects ofateusork will not be assessed. Elastic
energy will only shortly be mentioned and discussed in this study, as discussing the results with
this angle would be a study by itself. Likewise, the speed of the dogs, if they stretch or flex their
hip when jumpingnumber of steps between hurdles, type of gallop, strong and weak side,
jumping technique etc. will not be assessed in this study.

This thesis focuses on the muscles of the dog which consist of up4b #®of the total

bodyweight of the dogHuardet al.2002). Muscle fibres contract when a signal is received from a
nerve fibre. A nerve fibre consists of dendrons formed by dendrites, which is short branched
extensions, that carry nerve impulses toward the cell body where the nucleus is |d&#edtad

et al.2010; Fisher & Lilje 2014). From here the impulses are carried away from the cell body by a
single axon. The axon terminates in larger branches with nerve endings. When the nerve is
connected with a muscle fibre it is called a neuromuacpinction and the synaptic cleft lies
between the membranes (Sjaastatlal. 2010; Fisher & Lilje 2014). From here the nerve impulse
stimulates contraction of the muscle fibres.

1.3.1 Activation of muscle fibres -Part |

Neurons carrying impulses awaypifin the central nervous system (CNS) are called motor neurons.
(Aspinall & Cappello 2009; Sjaastidl.2010) Motor neurons send signal from the motor cortex

of the brain to the lower motor neurons in the spinal cord. From here two types of motor neurons
proceed alpha and gamma respectively. Together with the muscle spindle, which register the level
of contraction, the alpha neurons innervate the muscles while gamma neurons innervate the
muscle sensors and inform the spindle control group of changesererate values. The muscle
spindle sends information about changes in length of the contraction, and the alpha and gamma
neurons respond accordingly (Sjaas&idl. 2010; Fisher & Lilje 2014). Thus, the muscle

contraction may increase or decrease as need&de motor neuron may activate up to thousands
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of muscle fibres, all of the same type. Muscle fibres activated by the same motor neuron are called
a motor unit and are all activated by the same time. The number of muscle fibres activated by the
motor neumn is dependent on the precision of the work needed. A motor neuron activating few
muscle fibres result in fine movements, while activation of thousands of muscle fibres results in
gross movements (Aspinall & Cappello 2009; Sjaadtatl 2010; Fisher &ilje 2014). According to

the work of the muscleadditional or fewer motor units may be recruited or the signals may be

send with a higher or lower frequency through the motor neuron resulting in a changed firing rate
and anount of active muscle fibres ragted. Harrisonet al.2017 MyoDynamik ApS 2017). This
knowledge can be applied when measuring muscle function and will be further explained in
section1.8.3 Interpretation of the ES™Miscores

1.4 Muscles

Muscles are composed of bundles of muscleefiSjaastadt al.2010). Each muscle fibre has
several nuclei (myonuclear) and more myonuclear may be added by fusion of satellite cells when
hypertrophy occurs (Sjaastad al. 2010; Bazgiet al.2017). Satellite cells is mononuclear muscle
stem cellswvhich have selfenewal and multdifferentiation capabilities (Bazgat al.2017). They

lie between the basal lamina and plasma membrane and the number decreases with age
(Bruusgaarabt al.2010; Bazgiet al.2017). Each muscle fibre consists of mugtimyofibrils which

is composed of actin and myosin filaments (Sjaastaal. 2010). These myofibrils lie in bundles

and form units of contraction called sarcomeres. In one end, the actin flaments are attached to a
protein lattice called the fisc, whi§ (G KS Yeé2aAyQa NS FddF OKSR G2
the mline. For visualisation and further detadisepicture 3from Sjaastackt al. (2010). The

largest of all known proteins, titin, is attached to thelide and Zdisc and ensures that éh

myosin filaments are kept centered (Lindstedtal. 2001; Sjaastadt al.2010).
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Figure 8.2 Structure of a skeletal muscle. a The and cross-sections (bottom). In the sarcomere,
muscle is composed of bundles of parallel muscle the actin filaments and the myosin filaments are
fibers. Each muscle fiber contains many myo- organized very precisely and can slide along each
fibrils. b Detailed section showing the internal other. A myofibril consists of a long series of

structure of a muscle fiber. ¢ Structure of a sar- sarcomeres.

comere. Schematic longitudinal section (middle)

Picture 3: lllustration of muscle fibre composition. See original figure text in the picture taken from Sjaastad
et al. (2010), page 282.

1.4.1 Activation of muscle fibres -Part Il

Muscles contract Wwen thenerve terminal of themotor neuronthat innervate the muscle is
depolarized. For a better understanding of the underlying processes figure 4 is made with
inspiration from Aspinall & Cappel{a009) andSjaastacet al. (2010). Muscle contractioneed

energy supplied as adenosine triphosphate (ATP). Adenosine triphosphate can be obtained either
by aerobic metabolism (respiration) or anaerobic metabolism (glycoly$igkins 2006Aspinall

& Capello 2009;Sjaastacet al.2010. This is dependent on the type of work and hence the

muscle fibre type activated.
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Picture 4: lllustration of muscle contraction. When the motor neuron is activated the nerve terminal is
depolarized and calcium-ions enters the terminal end of the axon (1) and acetylcholine is released into the
synaptic cleft (2). Here it is bound to receptors on the membrane on the muscle fibre resulting in a
potassium influx (3) which depolarise the membrane of the muscle fibre and the cytoplasm. This induces
calcium-ion release from the sarcoplasmic reticulum (4), and the increased calcium-ion concentration
allow the myosin heads to bind to actin by removing troponin from the myosin binding site (5).
Consequently, the sarcomeres shorten as the heads of the actin and myosin filaments pulls the filaments
along each other using cross bridges, resulting in muscle contraction (6). This process need energy
supplied as adenosine triphosphate (ATP). When calcium is retrieved to the sarcoplasmic reticulum the
troponin covers the myosin binding site. The myosin heads release the cross bridges and the muscle
relaxes. The drawing is made with inspiration from Aspinall & Cappello (2009) and Sjaastad et al. (2010).
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1.4.2 Muscle fibres

Muscle fibres are divided according to their contractile, metabolic and morphological features.
Four pure types of muscle fibres exist type I, lIA, 11B, 11X respectively and three hybridbtype |
HAX, IIBIIX Aceveeoo & Rivera 2006T oniolo et al. 2007).

Type | muscle fibres have a diameter ol ®n > Yu  Odi & 49K antl ASslow

oxidative fibres meaning they contract slowly by the use of oxygen. They are also called red
muscle fibres due to the high myoglobin content which store oxygen within the muscle cell, but
they only have smatjlycogen deposits. The design of the type | muscle fibres means they are
often the first to be recruited for more continual work, and they are fatigue resistdapkins

2006 Fisher & Lilje 2014). They are used to stabilize and maintain posture (Sjahata2D10;
Fisher & Lilje 2014), and stabilizing muscles or part of the muscles close to the bones are often
redder due to the higher content of type | fibres (Fisher & Lilje 2014).

Type |l muscle fibres have a diameter of-@.9mM > Y u 6 di &. HOBH &ndl afcSfurther

divided into type 1A and type lIXdnioloet al. 2007 Fisher & Lilje 2014). Equal for both of them is
they are fast oxidative and glycolytic fibres, meaningythentract fast by the use of either oxygen

or glucose. They are also called white muscle fibres and lack the red colour do to the less abundant
content of myoglobin, but they do have a higher glycogen content. The design of the type Il

muscle fibres meanthey are used for short intensive work and are easily fatigued especially the
glycolytic fibres (Hopkins 2006; Sjaaséadl. 2010 Fisher & Lilje 2004 They are used in jumping
exercises and generally were high power of short duration is needed, abdmslant in muscles

doing propulsive work (Sjaastad al. 2010).

Humans have both type IIA and type 11B muscle fibres. Type llA is both oxidative and glycolytic
while type 1IB is only glycolytic. Although type [IB muscle fibres have been seen in dhgymgje
extraocular muscle in two large dogs (Tonietal. 2007), type IIB muscle fibres have not
otherwise been found in dogs. Instead they have type 11X muscle fibres, which is oxidative and
glycolytic, and according to contractile, metabolic and motpgiral features are an intermediate
between type | and type l1AA¢evedo & Rivera 200€isher & Lilje 2024t is thought to be the
explanation of the extraordinary levels of stamina in dogs (Acevedo & Rivera 2006). Type IIX
muscle fibres can be found the leg muscles, but are not found in some back muscles (Acevedo &
Rivera 2006) nor diaphragm (Toni@bal. 2007). Type IIX muscle fibres are especially frequent in
semimembranosus and tibialis cranialis (Tongtlal. 2007). Hydrids between IIA anX lor [IB and
[IX do also exist and HEX hybrids are abundant in longissimus dorsi (Torablka.2007). Pure 11X

or the hybrids have previously been misclassified and associated as one muscle fibre type
(Acevedo & Rivera 200®onioloet al. 2007).
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The distribution of type | fibres has been investigated in three mongrel dogs (Armsttaig

1982) and it was found that deep muscles in forearm and leg that serve to resist gravity had the
highest percentage on type 1 fibres compared to the superficigcles in the same group. In
general, the deeper areas of the muscles had more type | fibres compared to the superficial areas
(Armstronget al. 1982).

No breedspecific differences in muscle fibre type composition have yet been found (Newstolme
al. 1988;Agueraet al. 1990 cited in Fisher & Lilje 20 IHonioloet al. 2007, except for greyhounds
which have a higher proportion of type Il fibres (Gunn 1978). The composition of fibre type is not
different between male and female in dogs (Gunn8QDbut it is discussed whether or not

training may influence the fibre type composition.

1.4.2 Muscles and training level

According to Gunn (1978) and Fisher & Lilje (2014) the muscle fibre type does not change
according to training level. Dogs muscles eelatively immature at birth and develops until a

mature morphology are reached at an age of two months (Strbench 2006). Puustjarvi (1994) found
that 10 beagles trained on a treadmill from the age of 15 to 70 weeks had a higher percentage of
type | fibres in triceps and a lower percentage in the lumbar multifidus muscles compared to a
control group which had received no exercise. It should be noted that the percentage of type Il
fibres decrease with advancing age in male dogs (Betgh2016). Alwayet al. (2002) compared

how exercise affected the muscles of young and aged rats. They found that exercises did not
change the composition of muscle fibres in aged rats, but in young rats the content of type | fibres
was significantly lowered. Muscles in ety animals is less affected by overload, and like dogs
aged rats has a lower content of type Il fibres (Aletgl. 2002). In humans, the percentage of

type 1l fibres is found to decrease during heaggistanttraining, but bounces back to normal
levelwhen detrained (Staroet al. 1991). Further research is necessary to investigate the effect of
training both in relation to the age of the dog and the level of exercise, however exercise has with
no disputation an effect on the size of the muscles (Fighkilje 2014). Heavy resistance exercise
will result in an increase of myofibrils, myonuclear and satellite cells and a decrease in volume
density of mitochondria (Luthat al. 1986; Kadi and Thornell 2000). Meanwhile, endurance

training increases the gdlary and mitochondria volume density (Hoppedgral. 1985 cited in
Hoppeler &Fliick 2002 The muscle gets atrophied when not in use meaning they become smaller
as the myofibrils is degenerate8jaastacet al. 2010 Fisher & Lilje 20234 Training a#rs the
expression of gene isoforms mainly associated with the oxidative ATP production and express
novel transcripts in humans (Lindhoknal.2016). Studies of an overloaded muscle in mice has
found that an elevated number of nuclei persisted after Angeof detraining and that only 1% of

the myonuclear is lost as a result of apoptosis (Bruusgeiatl 2010). This may result in a more
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efficient response to retraining (Bruusgaatial. 2010), which has been found in humans (Staron
et al. 1991), althogh proof of muscle memory is not found in humans on gene level (Lindétolm
al. 2016).

1.4.3 Elastic energy

When force exerted on the muscle exceeds the force developed by the muscle, the muscle must
absorb the mechanical energy also called negative \{laridstedtet al.2001). The absorbed

energy may either be dissipated as heat or momentarily stored as elastic potential energy. Elastic
potential energy is the energy that are stored when a material is deformed, like the tendons or
muscles when jumping iich helps maximizing jumping power (Gregersen & Carrier 2004). Elastic
energy can be stored in structures outside the muscle fibres such as collagen and tendons, but
may also be stored in the titin inside the fibres (Lindsteidal. 2001). The stored emgy is

recoverable and can be added to the subsequent stride, making the pace more energy efficient
(Gregerseret al. 1998 Lindstedtet al.2001). Thus, the prstride before jumping is important

both to prepare for the correct distance, angle and spdad,also to store elastic energy to add

to the power needed to jump the hurdle or ascending th&a@me. Dogs may not store energy as
efficient as horses as their paws functsas shock absorber$\{illiamset al.20089. Still, dogs

have been found to ste high amounts of strain energy in their Achilles tendons when jumping
long jumps (Alexander and Benr@tark 1977), and the front limbs has an even greater potential
for storing elastic energy when trotting and galloping (Gregeedeal. 1998). Generajl, more

storage of elastic energy is produced in the distal extensor muscles when trotting and galloping
compared to the more proximal extensor muscles (Gregeetexh. 1998).

1.5 Types of muscle contraction

Muscles undergo two types of contraction tremetric and the isotonic contraction respectively.

In the isometric contraction, the muscle contract without changing length e.g. to hold posture
while additional weight is put on. Opposite the isotonic contraction occurs when the muscles are
either shorening (concentric) or lengthening (eccentrienpka 1996Aspinall & Capgllo 2009;
Gillette & Dale 201 Abbottet al. (1952) found that a greater muscular force was needed for
eccentric exercises compared to concentric exercise. In general, the esesgipr eccentric
contractions are low and the contraction more efficient, while the magnitude of the force is high
(Lindstedtet al.2001; Laueet al.2009). It is discussed how the nervous system activate the
muscles during eccentric contraction. lpigstulated that a unique activation strategy is needed as
the actin and myosin do not slide against each other with the consumption of ATP, but the bonds
are disrupted mechanically during eccentric contractions (Enoka 1996).
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1.5.1 Eccentric muscle contractions related injuries

Due to the high force, eccentric contractions often cause muscle damage, especially when a shift
in the normal pattern occurs, but with proper training injuries can be avoided (Lindstexdt

2001). In humans, injuries in hamsg muscles most often occur in the swing phase of the gait as
a consequence of eccentric contraction, and repeated movements may result in accumulation of
macro damages that predispose to muscle injury (Schatlé 2009; Schachet al.2010;

Chumano\et al.2007). A higher number of type Il fibres are recruited under eccentric exercises
(Nardone 1989) and injuries are more common in fast fibres with low oxidative capacity (Friden &
Lieber 1992). It is suggested that type | fibres are less vulneradoetyipe 11 fibres due to a

greater actin and myosin cross bridge calledists, making them more resistant to injuries

related to high tension and exercises with a repetitive nature (Friden & Lieber 1992). The eccentric
work weakens when the muscle haepiously been damaged and the muscle are more prone to
damage from eccentric exercise (Jonhageal. 1998; Brockett 2004).

1.6 Anatomy and biomechanics

The muscles in focus are triceps brachii and gluteus superficialis. These muscles are chosen due to
both anatomical and physiological reasons as well as practical reasons according to the AMG
equipment used adescribedn section2.2 Pilot study

1.6.1 Triceps brachii

Triceps brachii has four heads the lengteral, medial and accessory head respeaaly and each

with separate origins. They have a common insertion point on the olecranon of the ulna. The
nerve radialis innervate triceps brachii (Miller 1993) and when contracting the muscle extend the
elbow joint (Miller 1993Williamset al.2008h Fider & Lilje 2014) and act as shoulder flexor
(Williamset al. 2008k Culleret al.2017). Triceps brachii and the position of the four heads and
their content of type | muscle fibres aiéustrated inpicture 5and listed in the accompanying

table. The log head of triceps brachii works agth an elbow extensor and a shoulder flexor due

to its origin on the scapula, while the other heads only functions as an elbow ext&tiglharfiset

al. 2008b. This thesis focuses primarily on the lateral head agshise part of the triceps brachii

that is easiest to assess with the AMGuipment. Next to the long head the lateral head is the
biggest in triceps brachii with a weight of 129g in racing greyhounds and has an estimated
maximum isometric force of 289N dm power of 9WWilliamset al.2008. For comparison, the

long head weighs 341g and has a force of 1475N and a power of 58W. The maximum moment arm
is 4.3cm at maximum extension of the elbow in greyhountdliamset al. 20080. Triceps

brachii, primaily the long head, is capable of producing extremely large amount of force and is the
strongest muscle in both the thoracic and pelvic reghhlliamset al. 2008b.
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Picture Tillustrate the movement of the limbs in a dog whilst walking. The purposessdwo

when gluteus superficialis and triceps brachii are active in a dog walking according to approximate
angles of the hip and elbow extensor, respectively. Triceps brachii stabilize the shoulder and elbow
at touch down and is active as the elbow extefidsn touch down to the middle or late stance

phase (Fischer & Lilje 2014; Culédral. 2017) (picture frames-B).

In general triceps brachii play a major role in forelimb movement as an elbow extensor and can

easily be assessed by the AMGuipment.

A B

Lateral aspect Medial aspect

Number | Head of triceps Origin Insertion | Type 1 fibres
brachii (%)

1 Triceps brachii Distolateral two-thirds of the caudal edge of % 35+ 10
long head the scapula g

2 Triceps brachii Crest of the greater tubercle of the humerus 3 |25+8
lateral head g

3 Triceps brachii Caudal side of humerus 75_3 90 + 16
accessory head g

4 Triceps brachii Crest of the lesser tubercle of the humerus 93_, 96+ 6
medial head

Picture 5: Muscles of the forelimb from a dog, with triceps brachii high-lightened and the four heads
described with origin, insertion and percentage of type | fibres. A: The muscles of the forelimb from a lateral
aspect. B: The muscles of the forelimb from a medial aspect. (Armstrong et al. 1982; Miller 1993; Concha-
Albornoz 2012; Fisher & Lilje 2014) The pictures are retrieved as screen-dumps June 22, 2017 from the

video https://www.youtube.com/watch?v=HSEN291vR Awd modified.
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1.6.2 Gluteus superficialis

Gluteus superficialis are an extensor of thip jointand innerve by the nerve gluteus caudalis

(Miller 1993 Aspinall & Cappello 2009; Fisher & Lilje 2014). It is positioned in the hip as illustrated
in picture 6and listed in the associated table. Gluteus superficediger a distal part of gluteus
medius and in lage dogs the muscle is 5 to 7 cm wide and more than 1 cm thick caudally (Miller
1993).It has a muscle mass of 158 g in racing greyhounds and an estimated maximum isometric
force of 840N and a power of 17WV/{lliamset al. 20089. The maximum moment arm@3cm at
maximum flexion of the hip17W/\(illiamset al.20083. It has the highest ratio of muscle fascicle
length : moment arm length of the hip extensors, indicating the ability of a muscle to move a joint
through a large rangel7VW\{illiamset al.20089.

Gluteus superficialis is active as the hip extents from late swing phase to the middle of the stance
phase, and are partly responsible for propulsion of the body (Fischer & Lilje 2014;&tallen
2017) (picture frames B,C,F).

In general, gluteus s@pficialis play a major role in hindlimb movement and propulsion work as a
hip extensor and can easily be assessed by the -l ment.

SE——
> ”~

~ . ‘
& 2 '

Muscle Origin Insertion Type 1 fibres (%)
Gluteus superficialis (1) Tuber sacrale of ilium (a), Trochanter tertius of femur | 26 £ 8
lateral part of sacrum (b), (d)

first caudal vertebra (c),
caudal and gluteal fascia,

Picture 6: Muscles of the hindlimb from a dog with gluteus superficialis (1) high-lightened and skeleton
showing the origin of gluteus superficialis (a,b,c) as well as insertion (d). The muscle is listed in a table with
origin, insertion and percentage of type | fibres. (Armstrong et al. 1982; Miller 1993; Fisher & Lilje 2014) The
picture is retrieved as screen-dumps June 22, 2017 from the video https://www.youtube.com/watch?v=QuEL
-8510fM&index=4&list=PLRRHuUUzAO9qrY06 Detvi3YO0 OPO6dAWJ and modified. The drawing is made by
the author of this thesis with inspiration from Aspinall & Capello (2009) and Miller (1993).
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Picture 7: Visualization of difference of angles in hip (blue lines) and elbow-shoulder region (red lines) in a walking dog. Picture A shows the dog standing in a
neutral position, while picture B-F shows the movement of a cycle when walking at a slow pace. The two blue lines mark the approximate distance from the iliac
crest to ischial tuberosity and from the greater trochanter of the femur to the lateral femoral condyle respectively. The three red lines mark the approximate distance
from the dorsal end of the spine in scapula to the greater tubercle of the humerus and further to the olecranon and the direction of the radius is shown as well. The
angle G is illustrated as a dashed blue arch to show how and when gluteus superficialis work as a hip extensor and the angle T is illustrated as a dashed red arch to
show how and when triceps brachii works as an elbow extensor when walking. A green circle around the angle indicate that the muscle is active in the transition
from the current picture to the next. Notice Gb > Gc > Gd < Ge < Gf =Gb and Tb > Tc > Td > Te < Tf < Th. (Miller 1993; Fischer & Lilje 2014; Cullen et al. 2017)
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1.7 Muscle activity during the exercises

1.7.1 The warm-up exercise

Warm-up has been defined as having the functionmproving muscle dynamics so that it is less

inclined to injury and prepare the athlete for demands of exercise (Wad@d 2007).

A study performed in Ohio showed that 88% of the handlers warmed their dogs up before
participating in an agility compettn and 58% made stretching exercises on their dogs (Zaehary
al. 2014). No such research has been made in Denmark, but from the author of this thesis
experience the percentage of handlers warming up their dogs could be the same while the
method of stret®iing the dogs is far less common. Although no English written studies have been
made to investigate the effect of active wasap exercises in dogs, recommendations have been
made for racing greyhounds prescribing 5 to 10 minutes of brisk walking or jdugfiorg racing
(Blytheet al. 1994 cited in Steiss 2002). Contrary many studies have been made in humans and

some for horses, which will be used as model for the dogs in this thesis.

The purpose of warrup is to increase body temperature 0.5°C°C (Stiss 2002). In humans, an
increased body temperature lead to improved muscle perfusion (Gestdiah 1996), increased
flexibility (range of motion) (Tsolakis & Bogdanis 2012) and improves neuromuscular coordination
as well as increase transmission speéderve impulses (Karvonen 1992). It is suggested to
reduce risk of injury as warm muscles injure higher forces before injury in rabbits (Steicaler
1990), but this has not yet been found to be the case in dogs performing agility (Eudlen
20133 Zachanet al.2014). Warm muscles improve the ability of collagen and myotendinous
junction (site of connection between muscle and tendon) to deform and thus strengthen, but
depending on whether the cause of injury is strain or load a warm muscle bmegbrtone to injury
due to greater deformationMaloneet al. 1996). It is also shown to reduce energy turnover at
high intensity exercises (Fergusetal. 2002), but at submaximal levels warrup exercises
results in a lower energy turnover (Ferguseiral. 2002) and reduced ability to perform (Gregson
et al.2002). In general, there are contradicting results in the numerous effect of warm
exercises, as the studies varies both in methods to wapnand type of the following exercise as
they have no cleaor common definition of warnup exercises (Gerbinet al. 1996; Fergusoet

al. 2002; Gregsoet al.2002; Bishop 2003; McMilliaet al. 2006; Tsolakis & Bogdanis 2012). It
should be noted that warrup exercises should not result in muscle fatigue aswuould

compromise the subsequent performance.

Warmup exercises (mediusmtensity: 10 minutes trotting or higintensity: 5 minutes trotting
plus 14 seconds interval of running) for standardbred horses before sprinting has been shown to
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lead to a highebxygen consumption, reduced oxygen deficit and hence a decreased rate of
anaerobic AT#rovision. It also resulted in a decreased rate of muscle glycogenolysis and a
decline in blood and muscle lactate accumulation. No benefit of aihigimsity warmup
compared to a medium intensity warump was found. (McCutcheaat al. 1999) Similar results
have been found in humans (Houmagtal. 1991 cited in McCutcheacet al. 1999).

Warmup exercises can be classified as passive and active. In passive exercieg,isheassive
and the muscles are warmed by external heating, an example could be the use of warm water,
stretching or massage. Rexercise massage have been suggested to reduce exandiseed
muscle injury in sled dogs, but no significant differemees found when measuring the degree
creatine phosphokinase release between a control and a massage smggpsting thapre-
exercisemassage do not reduce the severitfyexerciseinduced muscle damage (Huneycutt &
Davis 2015)In humans, a short stretahng protocol has not shown to change performance while a
long stretching protocol after warrap exercise has shown to decrease performance (Tsolakis &
Bogdanis 2012). Another study compared dynamic and ssattching warmup and found
dynamic warraup toresult in a better performance in all three tests, while statietching only
improved performance in one of the three tests compared to no waprexercise (McMilliaet

al. 2006).

The active warrup exercise can be divided into general and spewsifion-up. The purpose with

the general warrrup exercise is to loosen up the muscles, and can be done with brisk walking or
trotting (Maloneet al. 1996 Steiss 2002). The specific waump exercise is also called the
neuromuscular warrup and is implementetb target the specific movement and muscles

needed in the performance, and can be less intense work of the same exercises (Steiss 2002;
Maloneet al. 1996). This could especially be useful for dogs performing agility (Steiss 2002).

Performing cavalettian be used as a specific watp for doggDrumet al.2015) A cavaletti is4
Mmn L2fSa LI FOSR LIWINRPLNAFGS RA&GEHYOS | LI NI
differ according to speed. The height of the poles should be just above the aafrfhesdog. The
purpose of the cavaletti is to increase elbow, stifle and hock flexion and challenge the
proprioception, balance and coordination and is also used as a therapeutic exercise after

neurologic impairment in dog®rumet al. 2015.

After reMewing scientific studies about the effect of passive and active wgmmethods Behm &

0«

Chaouachi (2011) generally recommends a submaximal intensity aerobic activity followed by large

amplitude dynamic stretching and then completed with spgpecific dynanic activities for a

better performance and minimize impairments. Wengel. (1996) recommends a warup of

low intensity suggesting 60 % of maximum oxygen consumption or 70% of maximal heart rate for
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less than 15 minutes. Likewise, Bishop (2003) recenimntensity on the level of 460% of
maximum oxygen consumption to increase body temperature and limitéghrgy phosphate
depletion.

From these recommendations, a waiup protocol for dogs performing agility can be planed.

1.7.2 Hurdle

The jumpingsequence has been described in horses with five phases: approachyftakerial

phase, landing phase and departure (Powers & Harrison 1999). The purpose of the approach is to
ensure correct stride length, speed, balance and angular momentum all lefadoogditions for

the takeoff. In the takeoff, the front limbs make a braking force to reduce the time the hindlimbs
act to make the propulsion movement. The animal must obtain an optimum vertical velocity and
rotation as well as angular momentum whenihg in the stance phase with the two hind limbs. As
the hind limbs leaves the ground the animal enters the suspension phase in which the animal will
undergo a vertical and horizontal displacement while controlling the rotational element of the
movement. Inthe suspension phase the animal must prepare for the landing phase in which the
front limbs firstly take the touchdown asymmetrically and ensure the hindlimbs stay clear of the
fence. Meanwhile the impact of landing is absorbed while retaining suffitienzontal velocity

being ready for departure. The purpose of the departure is to make a smooth transition from
landing to the approach of the next jumping sequence. (Powers and Harrison 1999)

Gear ratid at the limb joints (wrist, elbow, shoulder, anklaee and hip) has been investigated in
three large dogs (mean=20kg) jumping vertically with maximum performance to the top of an
elevated platform (0.84%.905cm high) (Gregersen & Carrier 2004). They found a drop in the
extensor muscle gear ratio in theriat, elbow and ankle joints which is suggested to improve the
potential for storage and recovery of elastic strain energy. Meanwhile the capacity of storing and
recover elastic energy is not found in the hip joint when jumping as the hip joint only extend

during jump.

The kinetics of jumping in agility dogs have been investigated @Rfal2010; Birch & Lesniak

2013; Birchet al.2015). Pfatet al. (2010) investigated the effect of distance between hurdles and
the difference of 1.5meter-long jump and.6-meter-high hurdles when landing using 11 border
collies with agility experience. They found that dogs jumping a 0,6m hurdle had a higher peak
vertical force than dogs jumping a long jump, meaning they land with more force after the jump
(N/kg BM), impfing a higher workload on the body and muscles. They also had a steeper landing

1 Gear ratio for a muscle is ground reaction force moment arxomputed divided with muscle moment arm
(measured on the dog). See figurénlGregersen & Carrier (2004).
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after a high jump. The highest vertical force (45 N/kg BM) was found on forelimb pair after a
KdZNRf S 2dzvYLJ gAGK p YSGSNEQ RA&GFYOSrontlyhBs G KA
with a weight distribution of 60%/40% when jumping hurdles. The decelerative force was higher

on the forelimbs compared to hind limbs when landing from a hurdle and long jump. They had a
decreased stance time during hurdle jumps indicating thads could not distribute the forces

over a longer time period. Finally, they also found that lower jumps resulted in higher speed when
comparing long jump and hurdles.

The forelimbs are loaded asymmetrically when landing (Bfaal. 2010; Meershoelet al. 2001).

The trailing limb endure a higher vertical force and is placed first when jumping hurdles compared
to the leading limb and\M{eershoeket al.2001; Pfauet al. 2010). They each do different work
according to decelerating or accelerating worlhe landing phase. In horses, the leading limb

make decelerative work in the first part of the stance phase while the trailing limb make
accelerative work during the whole stance phase (Meershaiek. 2001). Meanwhile with

increasing hurdle height the eelerative force increases in dogs due to the requirement of

converting potential energy into forwards kinetic energy (Réaal.2010).

Birch & Lesniak (2013) investigated the effect of hurdle height on joint angles on 8 agility dogs. The
height of hie hurdles was set as a percentage according to the height at the withers of the dogs,
with 7 % lower as the lowest and 51 % higher as the highest. The angle of the tarsus and sacroiliac
region had a significant increase in extension duringafkevith increased hurdle height.

Increased flexion was found for the radiomeral and scaputhumeral joints and the base of the

neck at takeoff with increased hurdle height. No significant difference according to joint angles

was found in landing, although lamdj distance increased significantly with increased hurdle

height, as oppose to the takeff distance that was unaltered.

Birchet al.(2015) investigated the effect of altered distances (3.6, 4.0 and 5.0 meters) between
obstacles in 54 large agility dog$e dogs had a significantly closer talféand landing distance
and a lower speed in the following order: 4 m distance was lower than 3.6 m distance and both
were lower than 5 m distance. The only deviation from this was the distance in landing far 3.6

and 4 m in which there were no significant difference.

Again in 2016 Bircét al.investigated how jump kinematics altered as hurdle height increased.

They analysed the jumping trajectory of 19 border collie and a border collie cross jumping three
hurdles with five meters distance in heights from 0 to 15 to 65 cm with an increased height of 10

cm between each trial. The percentage height (percentage of the hurdle height in relation to the
R234Q KSAIKOG Id GKS SAUGKSNAEUO amthéresRitSan8MovA y SR |
further analysis. They found a significant decrease in speed, more acute neck angle and more
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flexed shoulder angle when jumping > 76% of their height to the withers. The length of trajectory
significantly increased when dogs jumpaeetween 51% 125% of their height while decreasing

when jumping >126% of their height, but still neck angle became more acute. Lumbar spine angles
became significantly more extended dorsally when jumping > 101% of their height.

With the use of fine wirelectromyography (see sectidn8 Approaches for measuring of mustles
the activation of four forelimb muscles (biceps brachii (BB), supraspinatus (SP), infraspinatus (IF)
and triceps brachit long head (TBLH)) was assessed in eight border collies jutamrighcm high
hurdle positioned 4,5 meters apart (Cullehal.2017). The jumping sequence of the hurdle was
assessed in three strides: the giransition stride (stride immediately before jumping), transition
stride (from legs are lifted off the grounantil landing) and postransition stride (stride

immediately after jumping). The results were compared to baseteasurements of the dog

when walking. The peak activation across all four muscles was higher when jumping compared to
walking and peaked irhe swing phase, except for the transition strides which had two peaks, one
at early stance and one during mssving. The highest peak activation for TBLH was found in the
swing phase during transition for the first jump with 10.6 times walking. Visualbraledogs had

a higher peak activation at first jump compared to the second, but no significant difference was
found, this could be due to a small sampling size. Likewise, there seemed to be a difference in
peak muscle activity when the number of psrides where taken into account, but there were

not enough data to run statistical analysis. The same study investigated the activation in the four
forelimbs when running the ftame.

1.7.3 A-frame

As with the jumpingsequence the performance of anflfame may also be divided in 5 phases,
approach, ascending, aerial phase (above apex), descending and departuretrialftiee
ascending and descending phase is of interest and described in s2atiBimhe Arame.

Walking at an incline is an isotonic centric exercise, while walking at a decline is an isotonic
eccentric exercise (Lauet al.2009). Both occurs when running affrAme. Ascending an-A
frame is an isotonic concentric exercise, while descendingfaame is an isotonic eccentric

exercise.

Forelimb

Besides measuring thectivation of four forelimb muscles in eight border collies jumping hurdles
Cullenet al.(2017) also assessed the effect of running theatne set in two heights: 1.67 and
1.75 meters at apex. The running sequence of agitey and descending theffame was each
assessed in three strides: the giransition stride (stride immediately before transition stride),

transition stride (ascending: from legs are lifted off the ground until paw down on tnarde,
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descending: frontegs are lifted off the Arame until landing on the ground) and pesansition
stride (stride immediately after transition stride). The results were compared to baseline
measurements of the dog when walking. As with the hurdles the peak activation attmsr
muscles was higher when running thdrAme compared to walking. Of the fomusclesthe

TBLH had the lowest peak activation descending tfi@ie at pretransition stride regardless of
the height, and the low peak activation continued in thensition when descending the-#fame
until the post transition stride. In contrast TBLH had some of the highest peak activations when
ascending the Arame. The activation of the four muscles peaked in the swing phase of the gait
cycle when ascending th&frame, but when descending theffame the peak activation occurred
in stance for many strides. Also, when descending tifieae a greater proportion of the stride
was spent in stance. No significant difference was found in peak activation acraag afiuscles
comparing the high and the low#tame.

Carrieret al.(2008) found that the protractor and retractor muscles of the forelimb (pectoralis
superficialis descendens, pectoralis profundus (posterior portion), omotransversarius and thoracic
portion of the trapezius) had an increased activity ranging from 1.9 to 4.2 times when trotting 14°
uphill, compared to when trotting at normal level. Likewise, some muscles of the forelimb
(pectoralis superficialis descendens and omotransversarius) had a@sect@ctivity ranging from

2.0 to 2.5 times when trotting 14° downhill, compared to when trotting at normal level. Other
forelimb muscles (pectoralis profundus (posterior portion) and latissimus dorsi) had a significant
decrease in activity ranging fror.4 to-0.6 when trotting 14° downhill, compared to when

trotting at normal level. Thus, the propulsive work when running uphill require an increased
activity in most forelimb muscles investigated, while the breaking work downbhill resulted in both
an increaed and decreased activity on different forelimb muscles. The duration the muscles was
active did also increase in several muscles when running uphill, but were less pronounced when
running downhill. Some muscles (cleidobrachialis) had so little activitgranal level that the

activity when running upand downhill increased several hundred times, but due to variation it

was not statistical significant.

Hindlimb

Laueret al.(2009) investigated the effect of 5% incline and decline on muscle actidtjoar

range of motion in hind limbs of eight dogs with the use of EMG. Although range of motion in the
maximal stifle joint flexion and hip joint decreased when going from an 5% incline to a 5% decline,
the muscle activity of gluteus superficialis werechanged comparing 5%, 0% abéb inclination.

In horses, the muscle activity of gluteus medius are increasing when the slope increases up to 6%
as a result of the amount of energy required to raise the body upward and increased time per
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stride. The majofunction of the gluteus medius when trotting uphill is the propulsion of
bodyweight during the stance phase (Robetrtal. 2000), and the same could be the case for
gluteus superficialis. Robegt al. (2000) suggest that a higher electromyographic agtivound in
gluteus medius in horses running uphill (6%), require recruitment of additional motor units.

Contact method

No previous studies have been made to investigate how the different comathod practised

on the Aframe affect the muscles of th#og. As the 202@ontact methodrequire a full stop the
muscles could be subjected to a large breaking force, both when standing in the 2020 position, but
also doing decelerative work on the run down thdérdme (Carrieet al.2008; Culleret al. 2017).
Additionally, more weight would be loaded on the front limbs as the dogs stand with the hindlimb
uphill. In contrary, when practicing the runningframe a requirement to convert potential energy

to forwards kinetic energy could be expected and increasék iwcreased height of the-kame

as seen when jumping higher hurdles (Pé&al.2011).

1.7.4 The cool-down exercise

In Ohio 57% of the handlers cooled their dogs down after participating in an agility competition
and 25% made stretching exercises oaitldogs (Zachamt al.2014). No such research has been
made in Denmark, but from the author of this thesis experience the percentage of handlers

stretching their dogs would likely be lower.

While only few studies have been made on the effect of wapin dogs nothing is made for dogs
performing postevent exercises or coalown exercises and few in humans and horses as well.
During cooldown exercise the blood circulation and pulse gradually decreases, and working
muscles can remove lactic acid moré@éntly than resting muscles (Krzywanek 1988). It is
generally recommended to continue with a lemtensity-exercise after performing to wash out
the accumulated lactic acid and shorten recovery time in the muscles (Baltzer 2012). The optimal
level is faind to be trotting about 35150 m/min for horses (Krzywanek 1988) while in dog2Q0
minutes of easy trot or walking (38%% of maximal oxygen consumption) is recommended
(Baltzer 2012), but massage or stretching could also be appliexdbért & GabrieR002 Larsen
2013. For comparison, in humans, the maximum rate of removal of lactic acids is found when
working 40% of the maximum oxygen uptake (Daetesl. 1969). When the oxygen supply in the
cells are insufficient pyruvate and hydrogen is combiregdroduce lactic acid, which is a good
energy source (Robeet al.2004). Lactic acid has falsely been accused of causing acidosis and
muscle fatigue, while the opposite is the case (Robegl.2004). There is however an increased
proton release undeintense exercises, but this is due to the production of ATP from glycolysis

and causes acidosis in the muscles. This is why it is recommended to makiewoatxercises
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after a performance, and although the performance of edoln exercises is said to dease risk
of injuries it is not proven to do sélérbert & Gabriel 2002 ullenet al. 2013a).

Six horses performing 2 times 10 minutes of trot and 3 minutes of gallop had a decreased ESTi
score in gluteus superficialis and semitendinosus as well anlzdance in semitendinosus, when
compared with an initial walkHarrison 2017h After 10 minutes of a postxercise walk the

balance and ES$cores reached same level as during the initial walk, but they did not compare
measurements of walking initialgnd finally in the post exercise walk.

The cooldown exercise is implemented to investigate if cdolvn exercises has any immediate
effect on the muscles.

1.8 Approaches for measuring of muscles

Different approaches andguipmenshave been developedtmeasure muscle activity and
condition in dogs. Electromyography (EMG) is a method to assess muscle function by measuring
the electric potential difference between two electrodes and thus measure the work of the motor
units (Pullmaret al.2000). EMG cabe used both invasive as needle electromyographic (nEMG)
or fine-wire EMG (fEMG) or noninvasive as surface EMG (SEMG) (Patlada?000). The latter is
the most often used opposed to nEMG and fEMG which is both invasive and painful (Ratlimhan
2000) The problem with SEMG is that the measurements are affected by both technical,
experimental, descriptive as well as physiological circumstances as summarized by Harrison
(2017a). The positioning of the sensor is intricately and only small differenttes limcation may
result in a large variability in the recorded signals (de Luca 1#@Tison 2017a Altered position

of electrodes, as the muscle fibre length changes during locomotion, may also alter the sEMG
signal (Laueet al. 2009). The sensors muse close to the skin and no moist must come in
between, because the skin may become shunted and the signal amplitude decreases (De Luca
1997). For the sensors to be close to the skin the skin must be exposed by shaving and thoroughly
cleaned (Laueet al. 2009). The duration of an exercise effects the extracellular fluids which may
affect the sEMG recordings and thus confound the activation of motor udasison 2017pa

Surface EMG cannot be used to distinguish between concentric and eccentric comsact
(Harrison 2017a Finewire EMG have been used to measure the magnitude of muscular
activation of four canine forelimb muscles in eight dogs performing ajisgp sequence and
running an Aframe at two different heights (Cullest al. 2017). Using tBiinvasive method

trimming of hair and anaesthetic for the skin was required as well as dimealultrasonography

was needed to guide the needle insertion of the fine wire electrodes which had to be done by
certified veterinary radiologists (Cullen al. 2017)
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Multi-frequency bioimpedance (BIA) is an alternative #orasive assessment of the muscles and
besides being used for humans (Bartetisl. 2015) it has proved to be useful in diagnostic and
training of horses (Harrisoet al. 2015) as well astevaluate information of muscle health in dogs
(Fenger 2017). BIA measures impedance at several frequencies and thus analyses the relative
volume of fluid compartments resulting in information about both extracellular and intracellular
conditions of the miscle (Ivorra 2002, Barteds al. 2015). The BH&quipment can only be used
while the animal stand completely still and is free of metal objects (Hargsah 2015). Dogs

need to be shaved for the electrodes to reach the skin which, if incautiousresaif in irritated
skin or inflammations (Fenger 2017). The method will only provide a still picture of the muscle
condition and cannot show a retiime effect of an active dog. While BIA measure static muscle
conditions another method is developed to ass dynamic muscle conditions.

1.8.1 Acoustic Myography

Acoustic Myography is a method to assess the muscles measuring reasalé (Harrisoret al.

2013). The AM&@echnique transdermally measures the pressure waves that are generated by the
vibrationswhen muscle fibres contract (Bartedsal.2017, Fenger &arrison 2017a An AMG

system (CURO) has been developed to measure three parameters as listed and described in table
2, 3 and 4With the use of a contact transducer with piezoelectric crystalgs become possible

to use AMG for more accurate as well as repeatable muscle sound recordings (Harason

2013). The new wireless CURO (MyoDynamik ApS, Frederiksberg, Denmark) was evaluated in 2013
by Harrisoret al.and found to be able to determe coordination as well as aspects of muscle

function in physically active and healthy humans. The CURO has since been applied to both human
(Harrisonet al.2013,Harrison 2017aBartelset al. 2017), horses (MyoDynamik ApS 2017, &iis

al. 2013) and dog (Fenger &larrison 2017a No specialist technical knowledge is needed for the
person carrying out the recordings (Harrisetral. 2013) and is, together with being wireless and a
norrinvasive technique, easy to apply in multiple situations. It has lbsed to study humans

running in the city (Harrisoat al. 2013), lameness in a horse (Riisal.2013), comparison of trot

and walk in dogs (Fengerkarrison 2017g and latest the effect of 10 months of training in a

BMX rider (Bartelst al.2017), this shown to be efficient when measuring active subjects.

1.8.2 The AMGequipment

The AMGequipment comprises of: A CURO, sensors with wires, Snggg, EKO GEL, a canine harness
from JuliusK9g) the app CURO Equine installed on an Ipad and an online program.
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TheCURO, sepicture 8 has beerdeveloped by the Danish
company MyoDynamik ApSyrfthe purpose of measuring AMG.
The CURO collect signals via unidirectional sensors with
piezoelectric crystals covered by a sounding board with a
diameter of 4 cm positioned above the muscle of interest
(Harrisonet al. 2013). The wire which connect tilsensors to the
CURO is 2 meters of length. When turned on@w¢RO record and
store all datdor later analysis in the online program
curo.softheme.com also developed by MyoDynamik ApS.
Additionally, the CURO is able to send a signal in arig€iér
distane via WiFi to an Ipad with the app CURO Equine installed

CURO Equine can be installed from the App Store for free, but iy, e 8- The CURO and

only works on Ipads with iOS 8.0 or newer versions. CURO Equifigsors used to measure
muscle sound. The picture is

makes it possible to see reiine measurements of the muscles retrieved August 7, 2017 from

visudising the soundwaves and giving both balance and"®STi gmgm'myocjynamikequme'c
parameters, with the purpose of elecation-interpretation and to

ensure the sensors functions correctly. An acoustic gel can be added to reduce impedance
between skin and sensor and ensure a goodnaztion and exclusion of extraneous noise
(Harrisonet al. 2013,Harrison 20171b). The use of Ultr&ound Gel (BlueScariLina Medical ApS,
Glostrup, Denmark) may simultaneously lower the frequency rangé téz (Harrisoet al. 2013)
alternatively KO GEL (Ekkomarine Medico A/S, Holstebro, Denmark) can be appdipitture 9
The sensors must be fastened to the subject without restriction of movement. This can be done
with the use of a seladhesive bandage such as-Elex (Cd-lex, Andover Salsbury, MA)
(Harrisonet al.2013) or Snggg (Snggg AS, Kristianddadyay),seepicture 10 The CURO must
also be fastened to the subject, and for dogs it iesfectly under the handle on a canine harness
from JuliusK9g) (Juliusk9®, Szigetszentmikldsingary) (Fenger Barrison 2017g seepicture 11

andadditionallypicture 16in section2.6.3 The mounting of AM@&quipment
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Picture 9: Acoustic gel Picture 10: Snfagg (Snggg AS, Picture 11: Canine harness
(Ekkomarine Medico A/S, Kristiansand, Norway) used to fasten (Julius-K9®, Szigetszentmiklés,
Holstebro, Denmark) used to sensors to the skin of dogs. Hungary) used to fasten the
remove impedance at the surface CURO without restriction of
between sensor and skin. movement.

1.8.3 Interpretation of the ESTI™-scores

The collected data in the form of sound signals are analysed and transformed to 844€8Teé.

The ESTMscore consist of three parameters, 5 and Fparameter and the average of these
scores combined is an EStTore. Each parameter is given a score freff®00 being the poor
condition and 10 being thperfectcondition of the musclegbut scores above-8 is considered
optimal. A low ESTi-score would benterpreted as the subject having a poor coordination (E),
many fibres recruited (S) with a high firing rate (T) Meanwhile a highM=&bire would be
interpreted as the subject having a good coordination (E), few muscle fibres recruited (S) with a
low firing rate (T). This is further explained ahdstrated in tables 2,3 and 4 Eaclscore is given in
relation to a maximum value administered in the program on curo.softheme.com. (MyoDynamik
ApS 2017)

When a muscle meets the need for an increased foreecntral nervous system may either
increase the number of muscle fibre recruited or increase the firing rate, resulting in a decreased
S or T-score respectivelyMyoDynamik ApS 2017An improved use of the muscle can be seen

with an increased &core aml this will also be reflected in the @&nd Sscore (Bartelget al.2017).

Muscle fatigue can be revealed with the use of a CURO. An early sign of muscle fatigue is a
temporary increase in recruitment of fibres or/and a higher firing rate, as a shost before the
muscle fatigue and the recruitment of fibres and firing rate of muscle fibres decrease rapidly.
Imbalance in the use of muscles on each side of the dog will also be more pronounced when the
muscles are fatigued. Muscle fatigue is also d®en decreasing-&core due to an increased
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active period compared to inactive period of motor neurons, as a result of the muscles being less
coordinated. An improvement is seen when the opposite happens as the muscle become more
coordinated. (MyoDynamik@s 2017)

Generally, low Ecores and the combined ESEores tell the muscle cannot cope with the

amount of work inflicted on it and it may be in risk of injury due to overload.
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Table 2: Explanation and interpretation of the E-parameter gained from acoustic myography signal using a CURO. General interpretation of the parameters as well
as high and low scores is explained with illustrating pictures.

Interpretation of the parameters

High score

Low score

E-parameter

Coordination and efficiency of the muscle. The
E-parameter informs how synchronized the
motor neurons is activated, by measuring the
duration of inactive and active periods
compared to active periods. (MyoDynamik
ApS 2017; Harrison 2017a)

1.18 seconds
Sound signal from triceps on a Tervueren

trotting after 15 minutes of cool-down
exercises. X-axis is time elapsed and y-axis is
amplitude. Red mar kin
indicates active periods in which the motor
neurons are turned on and the green markings
wi t h t he inticate the inadticefpdriods
in which the motor neurons are turned off.
E-score = 3.

A high E-score shows a good
coordination/efficiency of the muscle. The
activation of the motor neurons is perfectly
synchronized. This will result in a narrow
active period. This is seen in well trained
animals. (MyoDynamik ApS 2017)

A low E-score shows a poor
coordination/efficiency of the muscle. The
activation of the motor neurons is not
synchronized. This will result in a broader
active period. This is seen in poorly trained
animals. (MyoDynamik ApS 2017)

—_——
0.22 seconds
Sound signal from triceps on a Tervueren

trotting after 15 minutes of warm-up exercises.
X-axis is time elapsed and y-axis is amplitude.

Red markings indicate active periods while
green markings indicate the inactive periods.
E-score = 5.

0.22\se{or:ds
Sound signal from triceps on a Tervueren
trotting before warm-up exercises. X-axis is
time elapsed and y-axis is amplitude. Red
markings indicate active periods while green
markings indicate the inactive periods.
E-score = 2.
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Table 3: Explanation and interpretation of the S-parameter gained from acoustic myography signal using a CURO. General interpretation of the parameters as well
as high and low scores is explained with illustrating pictures.

Interpretation of the parameters

High score

Low score

S-parameter

Quantity of active fibres recruited. The S-
parameter informs how many motor units are
recruited and synchronized as each motor
neurons being activated has an additive effect
on the force being produced (spatial
summation) and can be seen as the
amplitude. (MyoDynamik ApS 2017; Harrison
etal. 2013)

e

\

0.67 seconds
Sound signal amplitude from triceps on a
Tervueren trotting after 15 minutes of warm-up
exercises, showing different S-scores. X-axis
is time elapsed and y-axis is amplitude.

A high S-score is a sign of few fibres being
recruited. This will result in a low amplitude.
(MyoDynamik ApS 2017)

. PO _—

—
0.67 seconds

Sound signal amplitude from gluteus
superficialis on a Tervueren trotting after 15
minutes of warm-up exercises, showing a high
S-score. X-axis is time elapsed and y-axis is
amplitude.

A low S-score is a sign of many fibres being
recruited. This will result in a high amplitude.
(MyoDynamik ApS 2017). If the amplitude
exceeds the maximum range of 6db the S-
score = 0 is assigned.

) Top of curve are clipped of ~

s I

e N
0.67 seconds

Sound signal amplitude from triceps on a
Tervueren trotting after 15 minutes of warm-up
exercises, showing high S-scores and an
amplitude being clipped of due to the sound
exceeding the maximum range of recordings
for the sensors. X-axis is time elapsed and y-
axis is amplitude.
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Table 4: Explanation and interpretation of the T- and ESTi-parameter gained from acoustic myography signal using a CURO. General interpretation of the
parameters as well as high and low scores is explained with illustrating pictures.

Interpretation of the parameters

High score

Low score

T-parameter

The firing rate of the active fibres. The T-
parameter informs the frequency of activation
of motor neurons (temporal summation), and
can be seen as the sound signal frequency.
(MyoDynamik ApS 2017; Harrison et al. 2017)

6.00 seconds
Sound signal frequency from triceps brachii on
a mixed breed walking after 10 minutes of
warm-up exercises, showing each cycle with a
dotted red line. X-axis is time elapsed and y-
axis is amplitude.

A high T-score is a sign of a low firing rate of
the active fibres. This will result in a low
frequency. (MyoDynamik ApS 2017)

i

=

6.00 seconds
Sound signal frequency from triceps brachii on
a mixed breed walking after 10 minutes of
warm-up exercises, showing a high T-score =
9. X-axis is time elapsed and y-axis is
amplitude.

A low T-score is a sign of a high firing rate of
the active fibres. This will result in a high
frequency. (MyoDynamik ApS 2017) If the
frequency exceeds the maximum range of
120hz the T-score = 0 is assigned

6.00 seconds
Sound signal frequency from triceps brachii on
a mixed breed trotting after 2 minutes of
warm-up exercises, showing a low T-score =
6. X-axis is time elapsed and y-axis is
amplitude.

ESTI-parameter

The overall performance of the muscle fibres.
The ESTi-parameter give an overall insight to
the status of the muscle, and is the average of
the E-, S- and T-score combined.

A high ESTi-score is a sign of an overall well-
trained and coordinated muscle with few
muscle fibres recruited and a low firing rate.

A low ESTi-score is a sign of an overall
poorly-coordinated muscle with many muscle
fibres recruited and a high firing rate.
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2.0 Materials and methods

2.1 Recruitment of participants

Participants for the experiment werfeund through the social media Facebook making postings
(AppendixB)2y (G KS CIFOS062271 LI 3ISa a! IAftAlearR8lig 5YE3
5FYYFNJ € G FANRG GKS Lkad 2yfte G4FNHSGSR R213
collie, for more equal measurements, minimizing the variables and making it easier to see

statistical difference. Border collies is the most dominant breed in agility (Gatli@n2013a,b;

Levyet al.2009; Zachargt al.2014) and thus it were more likely find participants with this

breed. As there came no response to the post, all owners with a dog participating in agility in the
highest class according to the FCI regulation wargeted This was done to set a minimum limit

for the size of the dogs pecipating. The reason was both to ensure that the dogs were capable

of, and used to jumping the high hurdles, and the dogs were capable of running and jumping with

the weight of the CURO (300g) on their back. Only healthy dogs above 1.5 years of age was

allowed to participate.

Participants were also found through private contacts from training or competition and some
participated with two or three dogs in the experiment. All contact with the participants was in
Danish.

As a thank for their time each pa&ipant was offered a bag with treats, dogfood and a water
bottle sponsored by Royab@in Nordics, Copenhagen S, Denmark.

2.2 Descriptive data of the experimental dogs

Ten dog owners with a total of 17 dogs participating in agility was assigned taxpleement,
meanwhile 3 dogs were excluded due to ragility-related injuriesOne handler was injured

during the trials due to a bad knee and the author of this thesis ran with the dog (Stella) instead.

Data wa collected for 14 dogs participating in teeperiments as listed in tablednd continued
in table6.
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Table 5: Descriptive data of the 14 experimental dogs, including name of the dog, breed, gender, if the dog is
intact or castrated/neutralized, height to the withers, weight and age. For the data with numeric values the
mean, median, minimum and maximum are listed.

Dog Breed Gender Intact Height (cm) | Weight (kg) |Age (year)
Misha Shetland sheepdog Male no 46 13 3.0
My Border collie Bitch yes 49 18 3.0
Jamie Border collie Male yes 52 18 15
Jet Border collie Bitch yes 55 18 8.0
Inga Tervueren Bitch yes 59 18 3.0
Viola Tervueren Bitch yes 56 20 4.5
Jubi Tervueren Bitch yes 62 22 6.5
Tara Australian shepherd Bitch yes 50 18 2.0
Ludvig Australian shepherd Male yes 57 25 8.0
Diego Golden retriever Male yes 55 28 4.5
Daphne Old English sheepdog | Bitch no 61 36 8.0
Stella Labradoodle Bitch no 64 29 4.5
Wess Mixed Breed Male no 54 23 25
Thor Mixed Breed Male no 63 30 25
Mean - - - 55,9 22,6 4,4
Median - - - 55,5 21,0 3,8
Minimum - - - 46 13 1,5
Maximum - - - 64 36 8,0

Table 6: Descriptive data of the 14 experimental dogs, including name of the dog, years of experience in
agility, body condition score on a scale from 1-10, score of how athletic the dog is built on a scale from 1-5,
the training level measured in how many hours a week the dog practice, the height of the hurdle in normal
training situation and the practice of contact method when running the A-frame being either the 2on-2off
contact method (2020) or running contact method (run). For the data with numeric values the mean, median,
minimum and maximum are listed.

Body condition score | Athletic score | Experience | Training level |Hurdle height | Contact
Dog (1-10) (2-5) (Year) (h/week) (cm) method
Misha 5 1 2.0 2-3 55 2020
My 5 1 25 <1 55 2020
Jamie 4 1 1.0 2-3 55 2020
Jet 4 1 7.0 <1 65 2020
Inga 5 2 2.0 <1 55 run
Viola 4 2 3.0 <1 65 2020
Jubi 5 2 2.0 <1 55 2020
Tara 4 1 1.0 1-2 45 2020
Ludvig 4 2 7.5 <1 55 2020
Diego 5 4 2.0 1-2 50 2020
Daphne 5 4 6.0 1-2 55 run
Stella 5 2 0.5 <1 45 run
Wess 4 2 1.5 1-2 45 2020
Thor 4 2 0.2 <1 55 2020
Mean 4,5 1,9 2,7 - 53,9 -
Median 4,5 2,0 2,0 - 55,0 -
Minimum |4 1 0,2 <1 45 -
Maximum |5 4 7,5 2-3 65 -
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2.3 Pilot stud

The AMGequipmentand the protocol was tested on a lar§hetland sheepdogheight: 46 cm,
weight: 13 kg), followed by corrections to the protocol and tested one more time following these
corrections.In thefirst testtrapezius was considergdgether with gluteus superfialisand the
measurements looked perfectly fine. Due to concerns about the sensors position close to the
harness and risk of interference with muscle sound when the harness moved abosent@the
trapezius was avoidednd triceps brachii was chosefhe participants were sent anmalil
(appendixQ with practical information and possible dates to participate. Attached to the mail was
a map with a description of the location of the training area and parking opportunitssor
description of the pra@ct and also thg@rotocol (appendiD, E and J: The practical information
contained a notification that the dog should not be warmed up, but that it was allowed to walk
from the parking lot to the training area.

After receiving a reply with possible datiesm the participants they were each administered a
date and time between October %o November 18 2016.

2.4 The location

The experiment took place at the training area belonging to The Danish Agility Association
Copenhagen (Dansk Agility Forenindgpé&mhavn) dafkbh@gmail.comwww.agilitykbh.dkat the
addresdersgstien 1752100 Copenhagen Eagilleverhurdles, 4 poles and anffame were

placed as illustrated opicture 12 13, 14 and 5.

Picture 12: Position of the obstacles used for the experiment at the location Lersgstien 175, 2100
Copenhagen East. Five hurdles are positioned furthest south-east with a distance of 7 meters and with a
pole in each end. Further north-west 6 hurdles are positioned with a distance of 0.5 meters. The A-frame is
positioned along the west-northern fence with a pole 7 meters from each end. The drawing is in scale 1:500.
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2.5 Exercise equipment

All the agility obstacles follow the regulations set by the FCI and was borrowed from The Danish
Agility Association CopenhagenfrAme equivalent to the obstacle used can be bought at Dong
Agility, Kim and AnBritt GravlundKrat, Dongsvej 9, 5854 Gislev, tel. 2078 4760. Likewise, hurdles
can be bought at Hundebiksen Hans Peter Dinesen, Farup &rginfy 6760 Ribe, tel. 7542 1979.

2.5.1 The cavaletti

The dogs performed a cavale#xercise as a part of the warap protocol. The cavaletti
composed of 6 hurdles positioned with a distance of 50 cm from centre to centre of the bar and a
height of 20 m. Thiss also illustrated ipicture 13 The set up was the same for all dogs no

matter the size of the dogs.
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Picture 13: Set up of cavaletti with 6 hurdles in a distance of 50 cm from centre to centre and a height of 20
cm.

2.5.2 The hurdles

As seernn picture 14 5 hurdleswere placed in front of each other with a distance of 7 meters. As
the effect of distance between hurdles are of no interest, the maximum distance recommended by
the FClKkederation Cynologique Internatiale 2017 are used to ensure enough space for the
dogs to perform individual preferred intérurdle strides, sebff and landing angle without
restrictions Birchet al.2015;Birch & Lesniak 2013). A pole was placed 7 meters in front of the
first jump and 7 meters after the last jump to mark where the dog should start and end to ensure
enough space to saiff and land and to get a clean straight run without turning around while
jumping. This is done for two main reasons. First concerning security, domasto ensure the

dogs did not jump close to the wings of the hurdles with the risk of getting the-Ajlpment
entangled, and second to ensure that the measurements of the muscles did not get affected by
turns or deceleration. The bars were positioretd3 heights45 cm as the lowest, 55 cm as the
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medium and 65 cm as the highest. Although it would be easier to have holders in each height, only
one holder was positioned on each wing to avoid risk of injuries and entanglement of the AMG

equipment in theexposed holders.

p == — i -

Picture 14: The position of the exercise equipment on the training areabelonging to The
Association Copenhagen at the address Lersgstien 175, 2100 Copenhagen East.

e
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2.5.3 The A-frame

The Aframe used in this experiment had 3
possible heights besides lying flat on the
ground. The heights were 170 cm, 150 cm afis
120 cm with an angle under apex of 204 i
114°, 129 respectivelyas illustrated in
picture 15 Theramp goingup and downhill
were each 2.72 meters resulting in a total
length of the run over the Arame of 5.44
meters no matter the height. When
positioned in the highest position a pole E:'ﬁ

side of the Aframe to locate where to start
and stop the run. This was done to ensure aj
even run without the dog turning to go back

Picture 15: Te three heighs of the A-frame and .
associated angles under apex for the position of A: high
measurements of the muscles. A-frame, B: medium A-frame and C: low A-frame.

for the owner and hence affect the
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2.5.4 The AMGequipment

AMG-equipment were used to measure how the muscles of the dog is affected by the different

exercises.

The CURO wandaced in the handle of duliusKk9®harness for dogs. Tensure the harness fit the
different sizes of large dogs the sizes 0, 1 and 2 was available. Two sensors were used per dog as
well as EKO GEL and 4 pieces of Snggg of approximately 15 x 15 cm.

Anlpad 2 was bought and the program CURO Equine with the update from D@46 was
installed.

2.6 Method

2.6.1 Literature search

Literature was found using the databases Web of Science®Migllline and CAB Abstract),

Google Scholar and the Royalnzh Libraryg Copenhagen. In the database for scientific articles,

the search words and combinations weralog* or canine* or pup*<, > horse* or

equine*<, >jump* OR hurdle* OR agility* OfR@me* OR obstacle* OR sport*<, >warm* AND up*
OR warrmup*, coof down* OR post* exercise* OR exercise* OR cool* ORepestise* OR cool

down* OR post work out* OR recovery* exercise*<, >lactic acid* or lactose* or

pyruvat*<, >muscle* OR exercise* OR recov*<, > training* OR exercise* OR training level* OR
fitness*<,>acoustic myography OR bioimpedance OR electromyography<, >neuro* or nerve* or
muscular* or impulse*<, >muscle* OR muscular* OR fib* OR fib* type*<, >elastic* AND energy*
OR elastic strain energy<, >eccentric* OR concentric*<, > trot* or gallop* or walkfieeps

brachii OR triceps*<, >gluteus superficialis OR gluteus*<, >biomechanic* OR move* OR
motion*<, >Injur*OR damage* OR fracture* OR traumaSome were shortened, but all were
O2Y0AYSR GAGK ahwé 2NJ Gl yR¢ Higlysedich. Froms aitislgsiT. O2 Yo
matching the search criteria similar articles, citing articles and articles cited were used. If cited
articles could not be found in the databases for scientific articles Google Scholar were used or the
articles were ordered home fromie Royal Danish LibrarfCopenhagen as well as references to
books. Norscientific knowledge such as regulations were found using Gobgktbook material

was used fobasicknowledge of muscle and nerve composition and function.

2.6.2 Before the start

It is recommended tdook at appendifor afurther understanding of the procedure of the
exercises and what was noted for each exercise. All exercises were video recordedRitoae @
or 5 video camera except for the walk in the park.

52



Master thesis Lene Hgeg Callesen August 2017

Before the landler and the dog arrived, leaves were swept away and the agility equipment was
placed as described previously. According to weather it was decided that the experiment would be
completed if there was only a little rain and the ground was not too slippérg.weather and

condition of the ground was noted in the protocol. Before the exercises began the handler signed
a contract with acceptance of the data being used for the thesis and acceptance of the author
disclaiming responsibilities famjuries (appedix G).

2.6.3 The mounting of AMG-equipment

The mounting of the AM@quipment was done with as little discomfort as possible for the dog.
To ease the mounting of the AM&juipment thedogwere told to jump unto dable unless this
was associated with disodfort by the dog This was doneotavoid €aning over the dog making
the doguncomfortableandto makethe working position more comfortable for the humans

The owner waefferedthe 3 sizes of harnessand told to adjust theK Ny Saa (G2 G(GKS R?2

This was done to make the positioning and introduction of the harness less threatening compared

to an unknown person coming with a new harness. The positioning of the hamsessshecked
according to the recommendation by Julk§®(JuliusKk9®2016).

Picture 16: The position of the CURO (MyoDynamik Picture 17: The position of the sensor on gluteus
ApS, Frederiksberg, Denmark) under the handle of a superficialis between the illiac crest (position of
Julius-K9 harness (Julius-K9®, Szigetszentmiklds, thumb) and the ischial tuberosity (position of
Hungary) middle finger).
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Picture 18: The position of the sensors on a Picture 19: The position of the sensor on triceps
15 x 15 cm piece of Snggg after use explaining brachii between the proximal humerus and the
the fur. olecranon of the ulna.

The CURO was positioned under the Haraf the harnesspicture 16, and the sensors were

placed on the ght side of the dog as follows. First the sensor at gluteus superficialis was mounted
as the handling of the dog from behind is less threatening than from up front. Gluteus superficialis
was found between the illiac crest and the ischial tuberosity @mdd be palpatedpicture 17

The fur was divided and gel was massaged onto the visible skin over an area large enough to cover
the plates of the sensors. The ultsaund gel EKO GEL was applied to the sensors both front and
back. The sensor was positioned a piece of Snggg with the receiy plate visiblegicture 1§.

The sensor with the Snggg was placed on the muscle and the Sagdgstened to the fur. The
connecting wire was inserted into the R1 gate on the CURO, and the wire was folded and
positioned under the Velcro on the side of the harness without interfering with the mobility of the
dog. The same procedure was done when positioning the sensor at triceps brachii. Triceps brachii
was found between the proximal humerus and the olecranon of the ailrththe sensor was

placed closest to the olecranon of the ulna due to the need of disténooe the harnessgicture

19). The sensor was connected to the L1 gate on the CURO.

Additional pieces of Snggg were positioned on the same location on the lefokitie dog
(picture 20 to ensure that the dog did not walk unevenly or relieve the muscles where the sensors
were positioned, which could affect the measurements.
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The CURO was turned on and usingRi¥connected to the Ipadith the CURO Equine App. The
dog was positioned in a static position and the harness pulled to the sides and forth and back to
ensure no noise was detected by teensors due to the harness. The dog walked a few meters to
secure correct measurements shown on the Ipad. All devices ushig Wére turned off or set on
flight-mode to avoid interference with the datent from the CURO to the Ipad.

After the mountingof the AMGequipment, the dog could start the warp exercises.

Picture 20: The position of the CURO in the handle on the Julius-K9® harness and adjacent equipment. A:
Right side of the dog with sensors positioned under the Snggg and the wires fastened under the Velcro on
the Julius-K9® harness. B: Left side of the dog with the position of Snggg equivalent to the right side, but
without the sensors.

2.6.4 The warm-up

To investigate how the muscles are affected by waipmrand the amount of time used for warm
up, a 5 minute long trial of active general and specific waiprexercises waepeated 3 times.
Before the first trial and after each trial a short trot waerformedfor the purpose of comparison
of the muscles. Each trial comprised of; 1 minute brisk walking; 1 minute trotting, 0.5 minute
gallop; 1 minute practice of shifting sidecording to the handler while walking in a large circle;
0.5 minute slalom between legs while the owner walked; 0.5 minute figight movements
between the owners legs while the owner stood still; and 0.5 minute for 3 times walking the
cavaletti, in t@al 5 minutes. The time allocated were guidelines and could be shortened or
lengthened with a few seconds according to the efficiency of the handler and dog performing the
exercise. If the dog jumped all the way through the cavaletti it did not countcasract exercise
and the dog had a new attempt. Between each of the three trials the dog Raiaute break
and was offered water.

The CURO was turned on before each trial and turned off after each trial. This was done to ensure

no large files or longecordings as well as making the division of the exercises easier when looking
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at the graphs on the computer. The time the dog started each exercise was noted and video
recordings were made on an IPheoamera when the CURO was recording. There was adbdal

recordings.

After the warmup, the handler was instructed in how to do the next exercise.

2.6.5 The hurdles

To investigate how the muscles are affected by jump height the dog was presented with five
hurdles at 3 different heights as describiedhe section about materials. A trial comprised of a
dog jumping 5 hurdles at equal height. This was done for the three tsglighm the lowest to the
highest positionThis sequencwas repeated two more times, resulting in 9 trials. The procedure
can ke seen in the protocol appendix The sam@rocedure and order was followed for all dogs.

The handler could freely choose what method they would like to use when sending their dog
forward, e.g. run beside the dog and command the dog forward, positiodaigein front of the

first hurdle and stand at the other end of the 5 hurdles calling the dog, or holding the dog in front
of the first hurdle and having a person standing at the other end calling the dog.

For the same reasons, as with the wanm the CUR@as turned on before each trial of 5 jumps
and turned off after each trial, giving a total of 9 recordings.

This sequence of the trials according to heights was chosen to avoid muscle fatigue affecting the
results for all the trials in one height. Thereaynbe muscle fatigue in the later trials, but it is
hypothesized that this will be seen on the E¥Ecores and taken into account. It is expected that
muscles do not fatigue after the 3 first trials and according to the shape of the dog it should not

fatigue significantly over the 9 trials.

After the 9 trials of jumping, the dog took a rest while the handler was instructed in how to

perform the next exercise.

2.6.6 The A-frame

Before performing the exercise, the handler had decided what kindmitact method they would
practice. A trial comprised of a dog running thdérdme three times, starting at the pole in front of
the Aframe and ending at the pole after theffame between each run. This was done for 4 trials.
First with the Aframe in hidn position, next medium position, thirdly low position and finally at

high position practicingther contact method. If they had practiced the 2c2ontactmethod in

the first 3 trails, they were told to practice running contacts in the last trial, anasipp. The

chosen contact method wamnly performed when running down theffame. The 3 runs in the 4

trials resulted in a total of 12 runs. The same procedure and order was followed for all dogs. If the
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dog had difficulties when practicing the twam-two-off method aid was offered which could be in
the form of a bowl with a treat strategically positioned approximately680cm after the Arame
according to the size of the dog.

The CURO was turned on before each trial consisting of 3 runs offtaen@and turned off after
each trial, giving a total of 4 recordings.

This sequence of the trials according to height, was chosen due to the labour requiring work of
adjusting the height of the #Arame.

2.6.7 The cool-down

To investigate how the muscles ardemited by cocldown, the dog performed a series of exercises

as follows: 2 minutes afasuatrot, 1 minute of figureSA I K4 Y2@SYSyia o0SG6SSy
while the owner stood still, followed by a brisk walk for 2 minutes. After this the dog waspt o

leash and taken for a regular walk in the park for 10 minutes. A total of 15 minutes fedaweal

After the walk in the park the dog ran a short interval of trot, so as to compare the trot at the
beginning with the trot after the coedown.

The CUR®@as turned on before the first exercise and turned off before going to the park, and
turned on and off again in connection with recording of the last trot, resulting in two recordings.

2.6.8 The removal of AMG-equipment

The removal of the AM@quipment wa done with as little discomfort as possible for the dog.

Again, the dog was placed on a table, unless this was associated with discomfort by the dog. After
turning the WiFi and CURO off, the Snggg was gently peeled off the fur together with the sensors,
and the sensors were detached from the CURO and cleaned. The harness was loosened and
together with the CURO removed from the dog. When the AddGipment was removed, the dog

was allowed to move freely.

2.6.9 The questionnaire

Each participant was askedsat of questions about their dog for the purpose of comparing
individual resultsSee thequestionnairein appendix HThequestions addressed three main areas:
regular information, health status and agility training. First regular information was askesse
name, gender, status eg. castrated/sterilized, breed, date of birth, height over withers and weight.
When the owner of the dogs was uncertain about the height it was measured on location. The
bodycondition was scored by the author with the traditiorsalore from 1 to 9, 1 being very thin

and 9 very fat (appendiy. Thesportiness of the dog was assessed using a score from 1 to 5 with 1

being a sporty dog illustrated withkaorder collieand 5 being a large and heavy dog illustrated
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with a Saint BernardSecond the health status was assessed by questioning the current and earlier
status of injuries, and if so when and where the injury was located and the cause. No injured dog
was allowed to participate in the experiment. Knowledge about the use of atempreventive

and treatment methods such as: physiotherapy, massage, chiropractor, acupuncture was
assessed. Thirdly and last it was asked how long the dog had practiced agility and when they last
had trained agility. The level of training the last tan@onths, whether or not they use warup

and cooldown exercisesn connection with training and competitions and for how long, was
assessed. The normal height of the hurdles when training and the training method on contact with
the Aframe was noted.

This information was gathered for each dog in connection with the execution of the experiment. In
total the briefing of the owners, the mounting of the CURO, executing the exercises, the
guestionnaire, the removal of the CURO and dedriefing took approxirately 1.5 to 2 hours, and

less time if an owner came with two or more dogs. To ensure no disturbance from new dogs
coming to the area, and a buffer for complications, 2 to 2.5 hours was assigned to each dog.

2.7 Data processing

After each dayith trials the raw data were transferred from the CURO to the computer from
where it was later uploaded to the homepage http://curo.softheme.com/site/login to be analysed.
When a score of 0 was achieved on all the B'§¥rameters the markings where ahged

without compromising the selection criteria. When still no score above 0 was achieved the data
were omitted. For each dog the parameters E, S and T for both muscles were found and listed in
Excel according to exercise and the E8dres were calculatl. For those exercises where more
than one measurement was conducted (hurdles arflafne) an average of the ESFscores was
calculated to simplify the data for further tests. For all data sets in the following description an
average, median, minimum,awimum and standard deviation of all the dogs were calculated.
Radardiagramswas used to present the data asstmore visual and easier to interpret

When the data could not be analysed, for example all parameters were zero, they were excluded
from theresults.Ninety-three of 3276 results were excluded. Some sections of soundwaves for
analyses had a higher amplitude than the sensors could measure which resulted in the top of the
amplitude beingclippedandthe Sscore being zero. Abustrated onpicture 22this could be seen

on triceps on dogs running up thefliame.
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2.7.1 The warm-up exercise

A minimum of 5 seconds of a regular trotting session was Table 7 Setup of AMG parameters

located in therecording before the first warrup exercise and for analysis of trot and jumping.

. . . Parameters Setup values
correspondingly in the end of each of the three recordings o Threshold (mV) 020
warm-up exercises. The parameters for arsdyof trot was Max S (mV) 0.99
setup as shown itable 7. There were noted®4 numbers per Max T (Hz) 120

CST (sec) 0.15

dog for further analysation.

Eight boplots were made comparing before warrrup exercises, 5 minutes of exercises, 10
minutes of exercises and 15 minutes of exerciespectivelyfor the four sets of ESTscores for
each muscle. The boxplots are presented in se@idnThe warrrup and the data used can be
found inAppendix J

2.7.2 The hurdles

For each recording consisting of 5 jumps a section was analysed from tb# aethe first hurdle
until after the impact of landing after the fifth hurdle as showrpicture 21 Theparameters for
analysis of jumping was setup stsown intable 7. There were noted4 numbers per dog for
further analysation.

To simplify the data for fither tests theaverage of the ESTkscores in the three heights for each
dog was calculated and the data used can be four&pipendix K

Boxplots of the recorded ESiscores on triceps brachii and gluteus superficialis respectively
whenjumpingthe three heightswasmade.Theboxplotsare presentedin section3.2.1Triceps
brachiiand 3.2.2Gluteussuperficialis

Picture 21: Section of five jumps for analysis marked.
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2.7.3 The A-frame

Each recording consisted of the dog running the A Table 8: Setup of AMG parameters for analysis
of gluteus superficialis (GS) and triceps (TC)

frame three times, and each run of theflame was running up and down the A-frame.

analysed separately. For each run of thé@mne the | Parameters Setup values

run up and down was analysed separatdlye Threshold (mV) Standard (alternative)
TC down and GS up | 0.50, (0.40)

session of the run up the-fkame was analysed from TC up 0.70, (0.50)

. . GS down 0.55, (0.20, 0.10, 0.05)

the measured leg hathe first contact with the A Max S (mV) 0.99

frame until and included the last contact with the Al Max T (Hz) 120
CST (sec) 0.15

frame going uphill. When going over the apex the

muscle activity was visibly lower as no legsdieed the Aframe. The run down the-fame was
analysed from the point where the leg for the measured musclethadirst contact with the A
frame downhill until the dog stood still or hambntact with the groungddepending orthe chosen
contact method.This is illustrated ipicture 22and 23. Theparameters for analysis of the muscle
activity on the Aframe was setup ashown in tableB. Astandard setup was initially chosen, but
the setup for threshal was not suitable for all dogsyusclesnor both running up and down.
When the initial setup was not sufficient to catch the soundwaves the threshold setup was
manually changed until an ESEore was obtainedlhere were noted 44 numbers per dog for

further analysation.

To simplify the data for furtheressts the average of the ESFscores in the three heights and
when changingcontacts method was calculated for each dgpresented in apgndix L
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K

Jamie: E=3 S=0 T=8
Mean: E=2.45 S$=0.68

ESTi = 3.67
T =6.98 ESTi=3.37

Jamie: E =3 §=3
Mean: E = g

T=8 ESTi = 4.67
T =831 ESTi=5.08

Picture 22: Measurements of triceps with the use of acoustic myography on a dog (Jamie) running the A-
frame positioned high with 2on-20ff contact method.

Jamie: E =3
Mean: E = 4.24

S=1 T=9 ESTi=4.33
S=212 T =826 ESTi=4.87

Jamie: E =8 S=0
Mean: E=5.13 §=595

T=7 ESTi =5.00
T=744 ESTi=6.17

Picture 23: Measurements of gluteus superficialis with the use of acoustic myography on a dog (Jamie)

running the A-frame positioned high with 2on-20off contact method.
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2.7.4 The cool-down exercise

A minimum of 5 seconds of a regular trotting session was located in the recording befaedthe
down exercises and correspondingly in the end of the recording ottdwdown exercises. The
parameters fo analysis of trot wasimilar with the warraup as shown irtable 7. There were

noted 12numbers per dog for further analysation.

2.8 Statistics

Real Statistic Resource Pack for Excel 2010/2013/2016 for Windows (version 4.13, 2010, Real
Statistics Using E&l, Charles Zaiontz) was downloaded from the hometiype//www.real -
statistics.com/freedownload/and installed in Excel as an aiidpack. This made it possible to

make more advanced statistic tests and analysis of data which are normally not aviailgRtzel.

The ESTiscores were compared in pairs to test statistical difference between the averages for
the hurdles, the Arame and the coetlown exercises. Firstly, a Shapiftlk test was conducted

to ensure the data were normally distributed. Rbe normally distributed data a tw4ailed

paired sample-test was conducted. For data, not being normally distributed, a Wilcoxon signed
ranks test for paired samples with two tails was conducted. ANOVA was used for theuwarm
exercises and the WilcoxddankSum test was used for the descriptive data as explained in the

following. RPvalues below 0.05 were considered significant.

2.8.1 The warm-up exercise

Equality between the average ES¥scores before warrup exercises, 5 minutes of exercises, 10
minutes of exercises and 15 minutes of exercises, were tested using Repeated Measures ANOVA
for the data being normally distributed. The data not being normally distributed was tested using
Oneway ANOVA. This was done in the program GraphPadInstat 3 foj\Mdegion 3.0b, 2003,

GraphPad Software Inc., La Jolla, California). This resulted in 80 tests. The result of the tests can be

seenin appendix J

2.8.2 The hurdles

Equality between the average ES¥scores for low, medium and high hurdles were tested
pairwise against each other. Due to the risk of confounding the effect from fatigue or
improvement the equality between the average E¥Bcoresfrom first to last run was tested for
all heights. This resulted in 120 tests. The result of the tests caedmarsappendix K
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2.8.3 The A-frame

Equality between the average E®'T$cores for low, medium and highffame were tested

pairwise against each other. Likewise, the practice of contact were tested against each other.
The same tests were made whelngtering the 11 dogs practicing the 2c2ontactmethod

together and the 3 dogs practicing the running contact method together. Due to the risk of
confoundingthe effect from fatigue or improvement the equality between the average '®STi
scores from firsto last run was tested for all heights. This resulted in 832 tests. The result of the
tests can be seeim appendix L

2.8.4 The cool-down exercise

Equality between the average ESfscores before and afterooldown exercises were tested
pairwise agaist each other. This resulted in 24 tests. The result of the tests can beiseen
appendix M

2.8.5 The descriptive data

To test whether or not the results were affected by differehtaracteristicof the dogs, the dogs

were clustered in two groupas shevn in table 9 Body condition score was not considered as the
dogs were similar with only one score of difference from highest to lowest score. The status of
dogs being intact was neither considered, as the clusters would be too small for each gender and i
were notexpected to have a significant effect on the results. The dogs were divided for each
character as listed itable 9 Thedivision was partly based on tmeedian éee table 5 and)ao

avoid small populations, and partly on normal sense e.g. gerithe use of athletic score was
incorporatedinstead of breed, because the variatiohphysical appearanogithin a breed may

be significant. As an example, both a slim anabld Australianisepherd were represented.
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castrated/neutralized, height to the withers, weight, age, score of how athletic the dog is built on a scale from

1-5, years of experience in agility, the training level measured in how many hours a week the dog practice,

the height of the hurdle in normal training situation and the practice of contact method when running the A-

frame being either the 2on-20ff contact method (20i20) or running contact method (running).

Character Cluster 1 (n) Cluster 2 (n)

Gender Male (6) Bitch (8)

Height O 55 cm (7) |>55cm(7)

Weight O 21 kg (7) |>21kg(?)

Age O 3 years ( 7>3years(7)

Athletic score =1(5) 01 (9)

Experience < 2 years (5) 02 years (9)

Training level <1 hour a week (8) 0O1-2 hours a week (6)
Normal hurdle height <55 cm (4) 055 cm (10)

Normal contact method | 2020 (11) Running (3)

Due to the extensive data work and the small population size these tests were not tested for

normality. All tests conductediere Wilcoxon Rankum tests, as the data are not paired and

considered not to be normally distributed. The test of difference between the clusters was made
for all theexperiments (the warrup exercise, the hurdle height, the height of thérame and
the cooldown exercise). This resulted in 1224 tests. The result of the tests can baseen

appendix J, K, L and.M
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3.0 Results

3.1 The warm-up exercise
3.1.1 Triceps brachii

Figure 1shows a significant difference in thesEore between no time spent onasm-up exercises
compared to 5, 10 and 15 minutes spent on waumexercises respectively. The more time the
dog spent on warrup exercises the more significant the differences were. No significant
difference was found between 5, 10 and 15 minutes of waiprexercises for the-&core. Overall
the dogs were better at using triceps brachii after 10 and 15 minutes of wgrexercises
compared to before doing warrap exercises as the EStore is significantly increased. Tisis
also illustrated in figure @ith a radardiagramwhich is more visual and easier to interpret. An

overall combined score can be seen, as well as an optimal scale of where the dogs are.
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Figure 1: Boxplot of the recorded ESTi™-scores on triceps brachii (n = 14) after 0, 5, 10 and 15 minutes of
warm-up exercises. The X-axis shows the time spent on warm-up exercises and the y-axis show the average
EST™-score. The Xo6s and adjacent number ma mgitbluebrdthenean, w
blue box marks the median. The top of the light blue box marks the 3rd quartile while the bottom of the blue
box marks the 1st quartile. The top and bottom of the whiskers marks the maximum and minimum of the data
set respectively. The blue circles marks outliers. Panel A shows the E-score in triceps brachii and a
Repeated Measures ANOVA was conducted to test for significant difference. Panel B shows the S-score in
triceps brachii and a repeated measures ANOVA was conducted to test for significant difference. Panel C
shows the T-score in triceps brachii and a one-way analysis of variance was conducted to test for significant
difference due to data not being normal distributed. Panel D shows the ESTi-score in triceps brachii and a
repeated measures ANOVA was conducted to test for significant difference. Data used for the boxplots for
triceps brachii can be found in Appendix J.
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Effect of time spent on warmp exercises
on triceps brachii
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Figure 2: Radar diagram of the average recorded ESTi™-scores on triceps brachii (n = 14) after 0 (grey line),
5 (light blue line), 10 (blue line) and 15 (dark blue line) minutes of warm-up exercises. The axis from center
and out shows the ESTi™-score. Data used for the radar diagram for triceps brachii can be found in

Appendix J.
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3.1.2 Gluteus superficialis

There were in generel no significant difference between the time spent on vgrexercises on
gluteus superficialis according to tESTiM-scores, see figure 3. Figurednfirm thismore

visually.
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Figure 3: Boxplot of the recorded ESTi™-scores on gluteus superficialis (n = 14) after 0, 5, 10 and 15
minutes of warm-up exercises. The X-axis shows the time spent on warm-up exercises and the y-axis show
the average ESTiTM-s cor e. The Xo6&s a@&murk thelneancvehitetthe imorden between the light
green and the green box marks the median. The top of the light green box marks the 3rd quartile while the
bottom of the green box marks the 1st quartile. The top and bottom of the whiskers marks the maximum and
minimum of the data set respectively. The green circles marks outliers. Panel A shows the E-score in gluteus
superficialis and a one-way ANOVA was conducted to test for significant difference due to data not being
normal distributed. Panel B shows the S-score in gluteus superficialis and a one-way ANOVA was conducted
to test for significant difference. Panel C shows the T-score in gluteus superficialis and a one-way analysis of
variance was conducted to test for significant difference. Panel D shows the ESTi-score in gluteus
superficialis and a repeated measures ANOVA was conducted to test for significant difference. Data used for
the boxplots for gluteus superficialis can be found in Appendix J.
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Effect of time spent on warrap exercises
on gluteus superficialis
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Figure 4: Radar diagram of the average recorded ESTi™-scores on gluteus superficialis (n = 14) after 0
(grey line), 5 (light green line), 10 (green line) and 15 (dark green line) minutes of warm-up exercises. The
axis from center and out shows the ESTi™-score. Data used for the radar diagram for gluteus superficialis
can be found in Appendix J.

3.1.3 The descriptive data

No significant difference was found when clustering the dogs according to gender, weight, age,
normal hurdle height in training and normal contanethod practced on Aframe. Only few
significant differences with no obvious connection was found when clustering according to height,

experience or athletic score.

According to training level the dogs with 1 hour of training per week or more (n=6) had a
significanty higher (p<0.05)-Score for triceps brachii after both 10 (S=5.7) and 15 (S=5.3) minutes
of warmup exercises compared to dogs with less than 1 hour of training per week (n=8) (10 and
15 minutes S=2.6, S=2.8 respectively). There was no significanéxdéebefore the warrup
exercises or after 5 minutes of warap exercises. Dogs with 1 hour of training per week or more
recruited less muscle fibers in triceps brachii after 10 and 15 minutes of \wprexercises

compared to dogsvith less than 1 hour dfaining per week. No significant difference was found

in gluteus superficialis. Seg@pendix Jor data.
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3.2 The Hurdles

3.2.1 Triceps brachii

A significant difference between the different heights of the hurdles were found when looking at
triceps bradii according to th&eSTM-scores, see fige 5 There was a significant increase in the
ESTscore in triceps brachii when jumping high compared to low hurdles with an increase of the
ESTscore from 1.8 to 2.0. This means that in an overall assessinerndgs, triceps brachii was
more coordinated and effective, when jumping high hurdles compared to low hurdlescdin

also be seen in figure ®lo significant difference was found when testing the first run with the last
run for each height, meaning reign of fatigue was found.
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Figure 5: Boxplot of the recorded ESTi™-scores on triceps brachii on dogs (n = 14) when jumping hurdles
with the heights of 45 cm (low), 55 cm (medium) and 65 cm (high) respectively. The X-axis shows which
height is observed for each ESTi™-score and the y-axis show the average ESTi™-s cor e. The X&s anc
adjacent number mark the mean, while the border between the light-colored and the darker-colored boxes
marks the median. The top of the light-colored box marks the 3rd quartile while the bottom of the darker-
colored box marks the 1st quartile. The top and bottom of the whiskers marks the maximum and minimum of
the data set respectively. The blue circles marks outliers. A paired two-tailed t-test was conducted to find
significant difference for the T-score, but for the comparison of data for the E, S and ESTi-score a Wilcoxon
Signed-Ranks Test was conducted due to data not being normally distributed. Data used for the boxplots for
triceps brachii can be found in Appendix L.

69



Master thesis Lene Hgeg Callesen August 2017

Effect of the height of the hurdles
on triceps brachii

Low

Medium = High
E
4

3

ESTi 0 S

T

Figure 6: Radar diagram of the average recorded ESTi™-scores on triceps brachii on dogs (n = 14) when
jumping hurdles with the heights of 45 cm (low = light blue line), 55 cm (medium = blue line) and 65 cm (high
= dark blue line) respectively. The axis from center and out shows the ESTi™-score. Data used for the radar
diagram for triceps brachii can be found in Appendix L.

3.2.2 Gluteus superficialis

Some significant differences between the differéeights of the hurdles were found when

looking at gluteus superficialis according to tB8TiM-scores, see figure. There was a significant
increase in the &core in gluteus superficialis when jumping high compared to low hurdles with an
increase of theescore from 2.8 to 3.1. This means that the dogs used gluteus superficialis more
efficient when jumping high hurdles epared to low hurdles. FigurewBsualizes the results. No
significant difference was found when testing the first run with the lastfar each height,

meaning no sign of fatigue was found.
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Figure 7: Boxplot of the recorded ESTi™-scores on gluteus superficialis on dogs (n = 14) when jumping
hurdles with the heights of 45 cm (low), 55 cm (medium) and 65 cm (high) respectively. The X-axis shows
which height is observed for each ESTi™-score and the y-axis show the average EST™-s cor e. The Xobs
adjacent number mark the mean, while the border between the light-colored and the darker-colored boxes
marks the median. The top of the light-colored box marks the 3rd quartile while the bottom of the darker-
colored box marks the 1st quartile. The top and bottom of the whiskers marks the maximum and minimum of
the data set respectively. The blue circles marks outliers. A paired two-tailed t-test was conducted to find
significant difference for the E and S-score except the comparison of low to medium for the S-score. The low
to medium for the S-score as well as all T- and ESTi-scores were tested with a Wilcoxon Signed-Ranks Test
due to data not being normally distributed. Data used for the boxplots for gluteus superficialis can be found in
Appendix L.

Effect of the height of the hurdles
on gluteus superficialis
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Figure 8: Radar diagram of the average recorded ESTi™-scores on gluteus superficialis on dogs (n = 14)
when jumping hurdles with the heights of 45 cm (low = light green line), 55 cm (medium = green line) and 65
cm (high = dark green line) respectively. The axis from center and out shows the ESTi™-score. Data used
for the radar diagram for gluteus superficialis can be found in Appendix L.
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3.2.3 The descriptive data

No significant difference was found when clustering the dogs according to gender, height, age,
experience, normal hurdle height in training and normal contaethod practicecbn Aframe.

According to the weight of the dogs, the dogs weighing more than 21 kg (n=7) had a significantly
(p<0.05) higher-Score for gluteus superficialis when jumping both medium (S=3.1) and high
(S=2.9) hurdles compared to dogs weighing 21 kg @avwéh=7)(medium and high S=1.2, S=0.7
respectively)There was no significant difference when jumping the low hurdles. Dogs weighing
more than 21 kg recruited less muscle fibers in gluteus superficialis compared to dogs weighing 21

kg or less. No signifiat difference was found in triceps.

According to training level the dogs with 1 hour of training per week or more (n=6) had a
significantly (p<0.05) higherdeore for triceps brachii when jumping both medium (E=1.9) and

high (E=2.4) hurdles compared togs with less than 1 hour of training per week (n=8) (medium
and high E=0.7, E=0.8 respectively). The-&®fe was also significantly (p<0.05) higher in triceps
brachii for the dogs with 1 hour of training per week or more when jumping medium hurdles
(E]i=2.4), compared to dogs with less than 1 hour of training per week (ESTi=1.2). There was no
significant difference when jumping the low hurdles. Dogs with 1 hour of training per week or
more used triceps brachii more effective and coordinated when jugpiedium and high hurdles
compared todogs with less than 1 hour of training per week. No significant difference was found

in gluteus superficialis. See appentior data
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3.3 The A-frame -the effect of the height

3.3.1 Triceps brachii

When testing he first run against the last of the three runs for each height no significant

difference was found except for thestore when running up the highffame. The mean-$core

for the first run (T=7.7) was higher than the meaacbre for the last run (T=6.2ith a pvalue of

0.012. The dogs had a significantly higher firing rate for triceps brachii in the last run when running

up the high Aframe, indicating signs of fatigue.

3.3.1.1 Running up the A-frame

No significant difference was found in the E¥Bicores for triceps brachii when comparing low,
medium and high positioning if the#fame. Neither when all dogs were clustered together (n=14,
figure 9 or when they were divided in two clusters with dogs practicing 2o@aact method

(n=11, figure 1Pand running contact method (n=3, figaz111) respectivelydppendix N.

The height of the Arame's effect ortriceps brachii
for dogs running up the -ffame

——Low ——Medium ——High

E

w. »~ 01O N 0

ESTi 0 S

T

Figure 9: Radar diagram of the average recorded ESTi™-scores on triceps brachii on dogs (n = 14) running
down the A-frame. The dogs ran the A-frame in three heights 118 cm (low = light blue line), 148 cm (medium
= blue line) and 167 cm (high = dark blue line) respectively. The axis from center and out shows the ESTi™-
score. Data used for the radar diagram for triceps brachii can be found in Appendix M.
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The height of the Arame's effect ortriceps brachii
for dogs running up the-fame using 2o02aontact method
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Figure 10: Radar diagram of the average recorded ESTi™-scores on triceps brachii on dogs (n = 11) running
up the A-frame using 2020-contact method. The dogs ran the A-frame in three heights 118 cm (low = light
blue line), 148 cm (medium = blue line) and 167 cm (high = dark blue line) respectively. The axis from center
and out shows the ESTi™-score. Data used for the radar diagram for triceps brachii can be found in
Appendix M.

The height of the Arame's effect ortriceps brachii
for dogs running up the-ffame using running contact method
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Figure 11: Radar diagram of the average recorded ESTi™-scores on triceps brachii on dogs (n = 3) running
up the A-frame using running contact method. The dogs ran the A-frame in three heights 118 cm (low = light
blue line), 148 cm (medium = blue line) and 167 cm (high = dark blue line) respectively. The axis from center
and out shows the ESTi™-score. Data used for the radar diagram for triceps brachii can be found in
Appendix M.
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3.3.1.2 Running down the A-frame

No significant difference was found in the ESBicores for triceps biehii when the dogs were
clustered in the two groups with dogs practicing 2e@mtact method (n=11, figure }&nd
running contact method (n=3, figure Y4espectively. When all dogs were clustered together a
significant difference (p<0.05) was found fbetEscore when comparing low (E=3.9fwhigh
(E=4.8) (n=14, figure L2This means that, no matter the contact method used, the dogs used
triceps brachii more efficient and coordinated when running down the higtames compared to
low.

The height of the Arame's effect ortriceps brachii
for dogs running down
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Figure 12: Radar diagram of the average recorded ESTi™-scores on triceps brachii on dogs (n = 14) running
down the A-frame. The dogs ran the A-frame in three heights 118 cm (low = light blue line), 148 cm (medium
= blue line) and 167 cm (high = dark blue line) respectively. The axis from center and out shows the ESTi™-
score. Data used for the radar diagram for triceps brachii can be found in Appendix M.
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The height of the Arame's effect ortriceps brachii
for dogs running down the-fkame using 2o02@ontact method
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Figure 13: Radar diagram of the average recorded ESTi™-scores on triceps brachii on dogs (n = 11) running
down the A-frame using 2020-contact method. The dogs ran the A-frame in three heights 118 cm (low = light
blue line), 148 cm (medium = blue line) and 167 cm (high = dark blue line) respectively. The axis from center
and out shows the ESTi™-score. Data used for the radar diagram for triceps brachii can be found in
Appendix M.

The height of the Arame's effect ortriceps brachii
for dogsrunning down the Arameusing running contact method
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Figure 14: Radar diagram of the average recorded ESTi™-scores on triceps brachii on dogs (n = 3) running
down the A-frame using running contact method. The dogs ran the A-frame in three heights 118 cm (low =

light blue line), 148 cm (medium = blue line) and 167 cm (high = dark blue line) respectively. The axis from

center and out shows the ESTi™-score. Data used for the radar diagram for triceps brachii can be found in
Appendix M.
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3.3.2 Gluteus superficialis

When testing the first run against the last of the three runs for each height no significant

difference was found when running up theframe. Meanwhile a sigficant difference was found

for the S, T-, and ESI8core when running down the mediumffame. The mean-ST-, and ESTi

score for the first run (S=6.3, T=7.3, ESTi=6.2) was higher than the last run (S=5.1, T=6.2 ESTi=5.2)
with a pvalue of 0.036, 0.(8L 0.009 respectively. The dogs had a significantly higher firing rate

and recruited more muscle fibers in triceps brachii in the last run when running down the medium

A-frame, indicating signs of fatigue.

3.3.2.1 Running up the A-frame

No significant dference was found in the ESYiscores for gluteus superficialis when all dogs
were clwstered together (n=14, figure 1%r in a cluster with merely dogs practicing rurmin
contact method (n=3, figure }7For dogs practicing 2ozmntact method (n=11figure 16 a
significant difference (p<0.05) were found in the@®re from low (S=2.45) to high (S=2.12) A
frame. Thigs also illustrated in figure 16neaning the dogs recruit more muscle fibers in gluteus
superficialis when running up the highframe andpracticing 202econtact method compared to

the low Aframe.
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The height of the Arame's effect on gluteus
for dogs running up the-ffame
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Figure 15: Radar diagram of the average recorded ESTi™-scores on gluteus superficialis on dogs (n = 14)
running up the A-frame. The dogs ran the A-frame in three heights 118 cm (low = light green line), 148 cm
(medium = green line) and 167 cm (high = dark green line) respectively. The axis from center and out shows
the ESTi™-score. Data used for the radar diagram for gluteus superficialis can be found in Appendix M.
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The height of the Arame's effect on gluteus superficialis
for dogs running up the-fkame using 2o02aontact method
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Figure 16: Radar diagram of the average recorded ESTi™-scores on gluteus superficialis on dogs (n = 3)
running up the A-frame using 2020-contact method. The dogs ran the A-frame in three heights 118 cm (low =
light green line), 148 cm (medium = green line) and 167 cm (high = dark green line) respectively. The axis
from center and out shows the ESTi™-score. Data used for the radar diagram for gluteus superficialis can be
found in Appendix M.

The height of the Arame's effect on gluteus superficialis
for dogs running up the-fame using running contact method
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Figure 17: Radar diagram of the average recorded ESTi™-scores on gluteus superficialis on dogs (n = 3)
running up the A-frame using running contact method. The dogs ran the A-frame in three heights 118 cm
(low = light green line), 148 cm (medium = green line) and 167 cm (high = dark green line) respectively. The
axis from center and out shows the ESTi™-score. Data used for the radar diagram for gluteus superficialis
can be found in Appendix M.
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3.3.2.2 Running down the A-frame

No significant difference was found the ESTV¥-scores for gluteus superficialis when comparing
low, medium and high hurdles. Neither when all dogs werstehed together (n=14, figure 1&r
when they were divided in two clusters with dogs practicing 2o8otact method (n=11, figure
19) and running contact method (135 figure 20 respectively.

The height of the Arame's effect on gluteus superficialis
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Figure 18: Radar diagram of the average recorded ESTi™-scores on gluteus superficialis on dogs (n = 14)
running down the A-frame. The dogs ran the A-frame in three heights 118 cm (low = light green line), 148 cm
(medium = green line) and 167 cm (high = dark green line) respectively. The axis from center and out shows
the ESTi™-score. Data used for the radar diagram for gluteus superficialis can be found in Appendix M.
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The height of the Arame's effect on gluteus superficialis
for dogs running down the-fkame using 2o02@ontact method
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Figure 19: Radar diagram of the average recorded ESTi™-scores on gluteus superficialis on dogs (n = 3)
running down the A-frame using 2020-contact method. The dogs ran the A-frame in three heights 118 cm
(low = light green line), 148 cm (medium = green line) and 167 cm (high = dark green line) respectively. The
axis from center and out shows the ESTi™-score. Data used for the radar diagram for gluteus superficialis
can be found in Appendix M.

The height of the Arame's effect on gluteus superficialis
for dogs running down the-Aame using running contact method
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Figure 20: Radar diagram of the average recorded ESTi™-scores on gluteus superficialis on dogs (n = 3)
running down the A-frame using running contact method. The dogs ran the A-frame in three heights 118 cm
(low = light green line), 148 cm (medium = green line) and 167 cm (high = dark green line) respectively. The
axis from center and out shows the ESTi™-score. Data used for the radar diagram for gluteus superficialis
can be found in Appendix M.
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3.3.3 The descriptive data

No significant difference was found whelustering the dogs according to weight and normal
hurdle height in training. Only few significant differences with no obvious connection was found
when clustering according to gender, age, experience and athletic score.

According to the height of the doge dogs higher than 55 cm (n=7) had a significantly (p<0.05)
lower T-score for triceps brachii when running up thérame in both medium (T=6.38) and high
(T=6.2) position compared to dogs with a height of 55 cm or below (n=7) (medium and high T=8.0,
T=7.8 respectively). There was no significant difference when running the {wanfe. No

significant difference was found in gluteus superficialis when running up-fin@ve, and no

significant difference was found in neither muscle when running down tfrahe.

According to training level the dogs with 1 hour of training per week or more (n=6) had a
significantly (p<0.05) higher ES€ore for triceps brachii when running up thédrAme in both low
(E=4.6) medium (E=4.3) and high (3.9) position comparelkdgs with less than 1 hour of training
per week (n=8) (low, medium and high E=2.9, E=2.9, E=3.0 respectively). Dogs with 1 hour of
training per week or more had a significantly (p<0.05) highstdte for triceps brachii when

running up the Arame in bdah low (E=4.0) and medium (E=3.8) position compared to dogs with
less than 1 hour of training per week (low and medium E=2.1, E=1.8 respectively)sddre &as

also significantly (p<0.05) higher in triceps brachii for the dogs with 1 hour of traininggad or

more when running up the high-flame in medium (S=1.3) and high (S=1.4) position, compared to
dogs with less than 1 hour of training per week (medium and high S=0.1, S=0.1 respectively). Dogs
with 1 hour of training per week or more used tricdpsichii more effective and coordinated

when running up the low and mediumffame and recruited less muscle fibers when running up
the medium and high Arame compared to dogs with less than 1 hour of training per week and
were generally better at usindgieéir muscles when running all heights. No significant difference

was found in gluteus superficialis.

When running down the Arame the dogs with 1 hour of training per week or more had a
significantly (p<0.05) higherd€ore for triceps brachii when runmgrthe Aframe in both low

(E=5.1) and high (E=6.3) position. They also had a higdear& for medium (S=4.4)}ffame

compared to dogs with less than 1 hour of training per week (low, medium and high E=2.9, S=1.6,
E=3.7 respectivelyDogs with 1 hour afraining per week or more used triceps brachii more
effective and coordinated when running down the low and higina#ne. They also recruited less
muscle fibers when running down the mediurfrAme compared to dogs with less than 1 hour of
training per we&. No significant difference was found in glutewsperficialis. See appendikfor

data.
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3.4 The A-frame - the effect of contact method

3.4.1 Triceps brachii

When the first run was tested against the last of the three runs no significant differencewras f

when practicing thainusualcontact method.

3.4.1.1 Running up the A-frame

Comparing figure 1@ith figure11the dogs used to practice 2ozmntact method had a
significantly (p<0.05) higher and ES¥score (T=7.6, ESTi=3.6) compared to dogs usedarctice
running contact method (T=5.0, ESTi=2.8) when running up the Higim& (appendiM). Dogs
used to practice 2o2a@ontact method had a lower firing rate in triceps brachii compared to dogs
used to practice running contact method and an ovaraffroved use of triceps.

When making no difference of the dogs according to what they are used to practice the 2020
contact method had a significant highessgore (2.7 vs 1.8) and ESTore (3.5 vs 3.1) for triceps
brachii when running up the-fkame (table 10) The same was the case with the dogs used to
practicing the 2o02acontact method. For the dogs used to practice running contact method there
were no difference when they shifted to 2o02ontact method. Triceps brachii are used more
efficient and coodinated when practicing 2o02oontact method. Thiss also illustrated in figure

21.

Table 10: The average recorded ESTi™-scores of triceps brachii on dogs running up the A-frame practicing
either 2020-contact method or running contact method. The dogs are listed both in one group and divided
into groups in relation to what they normally practice as contact method. A T-test was used for data being
normally distributed otherwise a Wilcoxon Signed-Ranks Test were performed and the p-value listed.

2020-contact method | Running contact method
Clusters Score | Mean SD Mean SD Test p-value
Both contact methods E 27 0,9 1,8 1,0 T-test 0,005
n=14 S 0,7 14 |07 1,7 Wilcoxon 0,779
T 7,2 11 6,7 1,6 Wilcoxon 0,286
ESTi |3,5 0,8 31 0,5 T-test 0,017
2020-contact method E 2,8 1,0 1,9 0,7 T-test 0,008
n=11 S 0,3 0,3 0,3 0,5 Wilcoxon 0,753
T 7,6 0,7 7,2 1,1 Wilcoxon 0,351
ESTi [3,6 0,6 3,1 0,5 T-test 0,012
Running contact method | E 2,4 0,8 1,3 2,0 T-test 0,388
n=3 S 2,0 2,9 2,1 3,7 Wilcoxon 0,655
T 5,8 1,6 5,0 2,2 T-test 0,732
ESTi 3,4 1,5 2,8 0,3 Wilcoxon 0,593
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The contact methods effect on gluteus superficialis
for dogs running up the-ffame
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Figure 21: Radar diagram of the average recorded ESTi™-scores on triceps brachii on dogs (n = 14) running
up the A-frame. The dogs ran the A-frame when practicing either running contact method (light blue line) or

2020-contact method (dark blue line). The axis from center and out shows the ESTi™-score. Data used for
the radar diagram for triceps brachii can be found in Appendix M.
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3.4.1.2 Running down the A-frame

There was no significant difference when comparing dogs used to practicecdo®act method
with dogs used to practice running contact method. Notice: it isltegtom figure 13ompared
with results from figurel4.

When malng no difference of the dogs according to what they are used to practice the-2020
contact method had a significant highessEore (4.6 vs 2.8) and ESTore (5.1 vs 4.1) for triceps
brachii when rmning down the Arame (table 11, figure 22 The same wathe casavith the dogs
used to practicghe 202ccontact method, but they also had a highesdore (8.5 vs 8.0). For the
dogs used to practice running contact method there were no difference when they shifted to
2020-contact method. Triceps brachii avsed more efficient and coordinated when practicing
2020-contact method. The dogs used to practice the 2@@otact method used triceps brachii

with a lower firing rate compared to when they shifted to practicing the running contact method.

Table 11: The average recorded ESTi™-scores of triceps brachii on dogs running down the A-frame
practicing either 2020-contact method or running contact method. The dogs are listed both in one group and
divided into groups in relation to what they normally practice as contact method. A T-test was used for data
being normally distributed otherwise a Wilcoxon Signed-Ranks Test were performed and the p-value listed.
Data used for the table can be found in Appendix M.

2020-contact method | Running contact method
Clusters Score | Mean SD Mean SD Test p-value
Both contact methods | g 4,6 1,8 2,8 1,9 T-test 0,011
n=14 s 2,7 1,9 17 15 T-test 0,209
T 8,3 0,8 7.9 0,7 T-test 0,084
ESTi |5,1 1,2 4,1 1,2 T-test 0,013
2020-contact method E 5,1 2,2 2,6 1,8 T-test 0,007
n=11 s 2,2 1,5 1,7 1,5 Wilcoxon 0,285
T 8,5 0,5 8,0 0,7 Wilcoxon 0,041
ESTi |5,3 1,2 4,1 1,1 T-test 0,017
Running contact method | E 4,0 0,6 3,8 2,3 Wilcoxon 0,886
n=3 S 2,2 2,8 1,7 1,7 Wilcoxon 0,655
T 7.3 0,9 7.4 0,8 T-test 0,868
ESTi |45 1,2 4,3 1,5 T-test 0,285
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The contact methods effect aniceps brachii
for dogs running down the-Kkame

Running contact method ——2020-contact method
E

g o N 00 ©

ESTi S

T

Figure 22: Radar diagram of the average recorded ESTi™-scores on triceps brachii on dogs (n = 14) running
down the A-frame. The dogs ran the A-frame when practicing either running contact method (light blue line)

or 2020-contact method (dark blue line). The axis from center and out shows the ESTi™-score. Data used
for the radar diagram for triceps brachii can be found in Appendix M.
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When testing the first rumgainst the last of the three runs for both contact methods used no

significant difference was found, indicating no signs of fatigue or improvement.

3.4.2.1 Running up the A-frame

There was no significant difference when comparing dogs used to practicecdo®act method

with dogs used to practice running contact method. Notice: it is results from fiticempared

with results from figurel7.

No significant difference was found in the ESBicores for triceps brachii when comparing the

two contact methals (table12) when running up the Arame. Neither when all dogs were

clustered together (n=14) or when they were divided in two clusters with dogs usa@éticing

2020-contact method (n=11) and running contact method (nee®pectively Figure 23llustrate

the same result with only small differences in B8 Ti-score to be seen.

Table 12: The average recorded ESTi™-scores of gluteus superficialis on dogs running up the A-frame

practicing either 2020-contact method or running contact method. The dogs are listed both in one group and
divided into groups in relation to what they normally practice as contact method. A T-test was used for data
being normally distributed otherwise a Wilcoxon Signed-Ranks Test were performed and the p-value listed.

Data used for the table can be found in Appendix M.

2020-contact method

Running contact method

Clusters Score | Mean SD Mean SD Test p-value
Both contact methods E 4,5 1,5 3,9 1,9 T-test 0,280
n=14 S 1,9 17 |19 1,9 Wilcoxon 0,875
T 8,2 0,6 7,8 1,2 Wilcoxon 0,551
ESTi (4,8 0,8 4,6 0,9 T-test 0,274
2020-contact method E 4,2 1,4 3,8 1,7 T-test 0,442
n=11 S 1,9 1,9 1,7 1,8 Wilcoxon 0,477
T 8,3 0,3 7,8 14 Wilcoxon 0,307
ESTi (4,8 0,8 4,4 0,9 T-test 0,205
Running contact method | E 5,6 1,6 4,3 2.9 T-test 0,556
n=3 S 1,6 1,1 2,8 2,5 T-test 0,267
T 7,8 11 8,1 0,2 Wilcoxon 0,423
ESTi |5,0 0,9 5,1 0,7 T-test 0,852
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The contact methods effect on gluteus superficialis
for dogs running up the-ffame
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Figure 23: Radar diagram of the average recorded ESTi™-scores on gluteus superficialis on dogs (n = 14)
running up the A-frame. The dogs ran the A-frame when practicing either running contact method (light
green line) or 2020-contact method (dark green line). The axis from center and out shows the ESTi™-score.
Data used for the radar diagram for gluteus superficialis can be found in Appendix M.
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3.4.2.2 Running down the A-frame

There was no significant difference when comparing dogs used to practicecdo®act method
with dogs used to practice running contact method. Notice: it sults from figurel9 compared
with results from figure 20

When making no difference of the dogs according to what they are used to practice the 2020
contact method had a significant highessBore for gluteus superficialis whearming down the A
frame (able 13. The ESHcore was significantly higher for the dogs used to practice the-2020
contact method. Meanwhile, for the dogs used to practice running contact method there were no
difference when they shifted to 202contact method. Triceps brachii ansed more efficient and
coordinated when practicing 2o02contact method when considering all the dogs. For dogs used
to practice the 2o02econtact method, triceps brachii was overall used better when practicing the
2020-contact method. Thiss also illustrged in figure 24with a visibly higher E and EStore

when practicing 2o02@ontact method.

Table 13: The average recorded ESTi™-scores of gluteus superficialis on dogs running down the A-frame
practicing either 2020-contact method or running contact method. The dogs are listed both in one group and
divided into groups in relation to what they normally practice as contact method. A T-test was used for data
being normally distributed otherwise a Wilcoxon Signed-Ranks Test were performed and the p-value listed.
Data used for the table can be found in Appendix M.

2020-contact method | Running contact method
Clusters Score | Mean SD Mean SD Test p-value
Both contact methods | g 5,5 2,1 4,0 2,1 T-test 0,045
n=14 s |54 25 |54 2,6 Wilcoxon 0,463
T 7,5 1,7 7,6 1,3 Wilcoxon 0,875
ESTi |6,1 11 5,6 0,9 T-test 0,051
2020-contact method E 53 2,2 3,6 1,9 T-test 0,062
n=11 S 5,8 2,5 55 2,8 Wilcoxon 0,508
T 7,3 1,9 7,3 1,3 Wilcoxon 0,657
ESTi |6,1 11 5,5 1,0 T-test 0,030
Running contact method | E 6,3 1,5 5,2 2,5 T-test 0,590
n=3 S 3,9 2,3 4,9 2,2 T-test 0,710
T 8,2 11 8,6 1.3 T-test 0,285
ESTi |6,1 1,3 6,2 0,6 T-test 0,841
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The contact methods effect on gluteus superficialis
for dogs running up the fame
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Figure 24: Radar diagram of the average recorded ESTi™-scores on gluteus superficialis on dogs (n = 14)
running down the A-frame. The dogs ran the A-frame when practicing either running contact method (light
green line) or 2020-contact method (dark green line). The axis from center and out shows the ESTi™-score.
Data used for the radar diagram for gluteus superficialis can be found in Appendix M.
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3.5 The cool-down exercises

3.5.1 Triceps brachii

No significant difference was found for triceps brachii when comparing théM=&bires before
and after cooldown exercises. This alsoclearly illustrated in figure 25

The effect of coelown exercise on triceps brachii

Before After
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T

Figure 25: Radar diagram of the average recorded ESTi™-scores of triceps brachii on dogs (n = 14) before
(light blue line) and after (dark blue) performing 15 minutes of cool-down exercises. The axis from center and
out shows the ESTi™-score. Data used for the radar diagram for triceps brachii can be found in Appendix N.
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3.5.2 Gluteus superficialis

No significant difference was found for gluteus superficialis when comparing the'&8dres

before and after coetlown exercises. This is aldearly illustrated in figure 26

The effect of coetlown exercise on gluteus superficialis
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Figure 26: Radar diagram of the average recorded ESTi™-scores of gluteus superficialis on dogs (n = 14)
before (light green line) and after (dark green line) performing 15 minutes of cool-down exercises. The axis
from center and out shows the ESTi™-score. Data used for the radar diagram for gluteus superficialis can be
found in Appendix N.

3.5.3 Descriptive data

No significant difrence was found when clustering the dogs according to gender, weight, age,
experience, athletic score, normal hurdle height in training and normal comatihod practiced

on Aframe.

According to training level the dogs with 1 hour of training per waekore (n=6) had a
significantly higher (p<0.05) & and ES¥score for triceps brachii both before (E=4.5, S=6.2,
ESTi=5.9) and after (E=5.0, S=5.8, ESTi=6.1) 15 minated-addwn exercises compared to dogs
with less than 1 hour of training per weék=8) (before E=1.5, S=3.4 ESTi=3.8 and after E=1.6,
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S=4.0 ESTi=4.2). Dogs with 1 hour of training per week or more recruited less muscle fibers in
triceps brachii and were more effective and coordinated before and after wagsraxercises
compared to dogsvith less than 1 hour of training per week. No significant difference was found

in gluteus superficialis. See appenbifor data.

According to height of the dogs, the dogs above 55 cm (n=7) had a significantly lower (p<0.05) T

and ESTscore for tricepdrachii before thecookdown exercises (T=6.3, ESTi=4.0) compared to

dogs at 55 cm or below (n=7) (T=7.4, ESTi=5.5). Dogs above 55 cm had a higher firing rate in triceps
brachii before thecooldown exercises, but no difference was found after dwldown

exercises. No significant difference was found in glusyzerficialis. See appendikfor data.
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This is the first study of its kind to test AMG on very active dogs. Furthermore, it is the first study
to investigate how warrup andcookldown exercises, height of hurdles andrame effect the

muscles of dogs participating in agility with the use of AMG.

4.1 Sources of error

Before discussing the results some sources of error shall be mentioned and it will be discussed
how they mayor may not affect the results. These errors shall be taken into account when

discussing the results.

4.1.1 Sample size and variance

14 dogs participated in the experiments however more dogs would have been preferred,
especially when clustering the dogsdifferent groups for comparison. Three dogs practised
running contacts resulting in a very little group to test for homogeneity. Additionally, the dogs
where of different breeds, age, weight, heights etc. resulting in increaagdnce Alcocket al.
(2015) found that border collies might have a different jumping trajectory thareotireeds.
Using the same breed, at approximately the same age, size and training level could have
minimized the variance thus making it easier to see a significant differenté, would not
represent the population of dogs performing agilityhus, if the intension of only using border

collies hadsucceededt would merely have reflected how border collies jump.

The dogs and handlers performed the waum exercise with diffeent intensity and duration. For

example, some dogs galloped casually next to their handler while others galloped with high speed
running for a ball resulting in a different intensity of work on the muscles being warmed up. Some
dogs had never tried a caledti before, and it was clearly seen how they improved doing the task

for each trial. To ensure a correct execution, some dogs did the cavaletti more than the prescribed
three sessions. On the other hand, some dogs got tired of the slalom or the-Bgire

Y20SYSyiGa o0SGsSSy GKSANI 26y SNRa fS3a FyR &aAaYL
boring exercises. This could result in a bigger variance in the result diminishing the possibility of

finding a statistically significant effect of the m@up exercises.

The absence of significant results for dogs used to practice the ruoaintgcts in tablelO, 12, 12
and 13may be due to the small sample size (n=3) and the presence of a dog (Dajthnedd
data resulting in an increased variance pbae will be further discussed in secti@gn7 Daphne

The increased variance is illustratecpinture 24with standard deviation implemented explaining
the lack of significant differenc@hus, the results from analysis of this group should be

interpreted carefully for both muscles.
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The height of the A-frame's effect on triceps
for dogs using running up the A-frame using running contact method
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Picture 24: Radar diagram illustrating the average recorded ESTi™-scores and standard deviation on triceps
brachii on dogs (n = 3) running up the A-frame using running contact method. The dogs ran the A-frame in
three heights 118 cm (low = light blue line), 148 cm (medium = blue line) and 167 cm (high = dark blue line)
respectively. The axis from centre and out shows the ESTi™-score. The coloured areas mark the mean +/-
standard deviation for each height in the respective colour. Notice: the colours are transparent so yellow and
blue areas become green. Data used for the radar diagram for triceps brachii can be found in Appendix L.

4.1.2 The analysis and statistics

Some results were sensitive to wieeyou marked on the graph in the online CURO equine
programme, and the ESTiscores could vary-2 scores when moving the curser only few seconds
according to the timeline. Likewise, theréishold was continuously changeadcording to the
character of thegraph, also resulting in different outcome of the E¥Ecores. When a score of 0
was achieved on all the ES8Fparameters the markings eve changed without compromising the
selection criteria. Although the selection criteria were not compromised, tieetdd be a big
variance depending on the markings and resulting in both higher and lowéM&8dies. As there
would be no unidirectional influence the effect is unknown and a counterbalance could occur to

some degree.

According to the statistics martgsts have been made and the risk of false signals (Martinussen
2017) is high. It is impossible to identify which results is being a false signal, but contradicting

results could be signs.
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It should be noted that the statistic tests for the hurdles anftafnes are made on summary
measures and it is not strictly statistically legitim tosin It is however judged sufficient
considering the level of the study and student (Martinussen 2017). Alternatively, summary
measures could have been avoided by altgrihe design of the study by only allowing the dogs to
run each obstacle once, but then the results would be more vulnerable to outliers.

4.1.3 The AMGequipment

The weight of the CURO (3009) is added to the anterior of the thoracic region of tleadogay

affect the movement and use of the muscles. Besides investigating the eff&otting up and

downhill Carrieret al. (2008) investigated the effect of adding a mass of 0%, 8% and 12% of the

body mass using fEMG on six mixed breeds when runBegjdes a 3% reduction in the period of

the swing phase when adding the 8% mass to the anterior trunk, they found no significant effect

2F IRRAY3 Ylaa G2 GKA& FINBlI® ¢KS ¢gSAIKG 2F (K
mass. It is less likelpat the weight of the CURO had an effect on the movement of the dog, but

the sensory feeling of the CURO, sensors and Snggg may have, although all dogs visually walked

fine and seemed unaffected after ordyffew minutes.

Triceps brachii is capable of prading extremely large amount of force and is the strongest
muscle in both the thoracic and pelvic regidilliamset al.20080. This is also found in this

study with a high amplitude measured resulting in clip of amplitude as the maximal range of the
6dBsensors available at the time of this study was reachegidture 27the clip of the amplitude

is visible already when jumping the low hurdles resulting irsadge of 0. It is not possible to

score below 0, meaning and increasedc®re when jumping gher hurdles could not be

measured by the AM@&qguipment nor shown on the ESSdore. When comparing the recordings

in picture 27 andpicture 2 an increase@mplitude can be seen, most noticeable in the landing
phase. Interestingly there seems to be gher amplitude in the takeff when jumping low

hurdles, when merely looking at this dog performing one jumping sequence. A visual analysis of all
14 dogs has not been made, but could have clarified differences that otherwise could not be
measured by the MG-equipment due to limitations of the maximum amplitude of the 6dB
sensors. The same problem is evident when looking at triceps brachii when the dogs run the A
frame illustrated irpicture 31 These limitations have affected the possibility of findiggisicant
differences according to the recruitment of fibres and thus affect the overall improvement in
triceps brachii. For this reason, the S and £E8&adiie should be interpreted with caution, but when

a significant differences found it isdespite of hese limitations.

The same problem is not evident when measuring on gluteus superficialis as the sound from this

muscle rarely exceed 6db, and E¥Bicores of 0 are not profound, but do occur. As with triceps
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brachii a similar tendency is visible forigter amplitude at takeff and lower for the landing

phase when jumping higher compared to lower hurdles. Still both are assigneesttaes4 and

no significant difference was found. Perhaps with a range frelf@instead of &0 these
differences cou have been detected. Subsequent to completing the experiment, the CURO has
been further developed and the score is now signed froral@@ with a single number mantissa
and 0dB sensors now available capable of measuring the full range of amplitude.

4.1.4 Inexperience

Dogs were not experienced in jumping high hurdie=ehurdle height in table $and did not have

a welktrained jumping trajectory on high hurdles resulting in knaldkvn of bars or refusal of
jumping. Dogs that found it hard to jump highrdles had a few tries and the handler often
supported the dog further by running right next to it guiding the dog forward. This could affect the
use of the muscle and e.g. result in a lower BSJdore as a result of the unfamiliar use of the
muscle. Intead higher E and ESSaores were found. It is possible that jumping higher hurdles
compared to low makethe dogs more focussed on the task resulting in more coordinated use of
the muscles and that they are simply careless and unfocussed when jumpihgidies.

The dogs were neither used to running the lower heights of tHeafe and thus the effect of
height found may only reflect the inexperience of the dogs rather than the actual effect of the
height. This may explain why the dogs were more efiiciéhen running down the high-fkame
compared to the low Arame. Furthermore, the lack of results may be due to the inexperience of
the dogs running the low-fame as it could be expected to find a higher E%3¢ore with lower
A-frame heights, but thénexperience of the dogs may counterbalance the effect resulting in no
significant difference. To avoid this bias dogs with no experience of runningfitaen& could

have been chosen and trained in all heights or placed in three groups and each giioed tra

one height. They could also have been trained in psagj both the running and 2o02contact
methods to avoid similar bias in these results. This would have been a comprehensive work for
this study, but the owners could have been asked to prathisalifferent heights and contact
method before entering the trials. This would probably result in fewer handlers volunteering in the
trial.

The dogs were not used to practice the other contact method either and the inexperience may
have resulted in éower ESTM-score. For this reason, comparison of daged topractice the
2020-contact method (n=11) with dogssed topractice the running comtcts (n=3) were made.
Picture 25llustrates this to help understand the comparison of these groups.

Contiruing with the bias according to experience in the contact method, some were not
sufficiently trained in the contact method used which resulted in some dogs not having a real
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2020-stand before running the ffame and the stand often became less marked whaming

the low Aframe. This could be the reason why no significant difference is found according to
muscle recruitment and firing frequency as hypothesized. The 2o02tact methodooked for

some dogs more like running contacts. Meanwhile the protogoktthis into account allowing
helping tools such as a treat in a bowl or toys. Still some did not touch the contact area. Although
the dogs performed the 2020 and running contacts at very different levels this reflects the
situation at a competition or &ining making the study more comparable to 8t situations.

2020-contact method [ Running contact method
Clusters Score Mean SD Mean SD [Test p-value
Egnw“'ad methods ¢ 27 09 18 10|Ttest 0,005
S 0,7 1.4 07 1,7 [Wilcoxon 0,779
YA YASA 72 11 67  16|Wicoxon 0,286
» ESTi 35 038 3.1 05 |T-test 0,017
2020-contact method 28 10 19 07|Test 0,008
) s 03 03 03 05|Wikcoxon 0,753
/\ ] 7.6 ol 72 1,1 [Wilcoxon 0,351
) ESTi 36 0 3.1 05 | T-test 0,012
Running contact method g 24 08 13 20 | T-test 0,388
Bt s 20 29 21 37| Wikcoxon 0,655
/\_Q T 58 16 50 22|Ttest 0,732
g ESTi 34 15 28 0.3 [ Wilcoxon 0,593

Picture 25: lllustration of which groups are compared when comparing dogs used to practice the 2020-
contact method (n=11) with dogs used to practice the running contacts (n=3). The data in the blue boxes are
compared.

4.1.5 Reallife situation

The dogs had walked a distance of approximately 160 meters from the car to the training area and
moved a bit around before the dog was fully equipped. This could resalhigher initial ESTH-

score making it less easy to see an improvement, although this would be the same at a normal
training or competition situation, thus making the results more comparable withlifeal

situations.

Pfauet al.(2010) only looked ahe effect when landing and other studies distinguish between the
phases of jumpingBirch & Lesniak 2018irchet al.2015;Cullenet al.2017). In this thesis, the
whole jumpng trajectory over 5 hurdles ombined, thus the different phases of jumpiognnot

be distinguished. As an illustration to better understand the activation of the two muscles during
the jumping trajectory the acoustimyographic signal recorded is compared with the coherent
jumping sequence ipicture 27for triceps brachii angicture 28for gluteus superficialis.

The choice of measuring when a dog performs five hurdles in a row was made to have a mean
score for more than the performance of a few hurdles as done by &fali(2010),Birch &

98



Master thesis Lene Hgeg Callesen August 2017

Lesniak (2013) and Cullenal. (2017). At the same time, it can be expected that the dog had a
more normal jumping trajectory when performing several hurdles compared to the performance
at competition and training. Meanwhile the muscle activity for galloping between hurdles was
included inthe measurements, and there m® division of the phases for each jumping trajectory

as this would result in a comprehensive work. It could however have been interesting to compare
with the findings of Culleet al. (2017). The trials have been made tdleet the situations at
competition and training in which the galloping phase between is a part of the exercise and may
also be affected by hurdle height. Thus, although the galloping phase and jumping of the hurdles
cannot be distinguished in the resultbe result represent a surap of the effect of hurdle height
both effecting all phases gimping and galloping aseen inpicture 29 Themean and range of
frequency and amplitude measured is shown to guide future studies.

4.1.6 Measurements on one side

The measurements were only made on the right side of the dogs, but the dogs may have a strong
and weak side resulting in different ES%$cores, but as it is the same muscle tlsaheasured for
each trial and a pairwise test is made this should not lmsabstantial influence.

The dogs land with the forelimb loaded asymmetrically depending on the leading and trailing limb
(Meershoeket al. 2001 Pfauet al. 2010; Culleret al.2017), and triceps brachii are only measured
on the right side. The same ddwbe the case when running theffame. If the sensor is placed on
the trailing limb a lower S or-3core may be measured as either more muscle fibres must be
recruited or fired with a higher frequency to endure a higher vertical force compared to the
leading limb (Pfawet al.2010). No analysis of preferred leading limb or change of leading limb has
been made in this study. The effect of the difference in loading of the forelimbs would only be a
problem if e.g. the dogs persistently chose to use one iimtelwhen jumping low hurdles while
usingthe other when jumping high hurdles, thus confounding the effect of hurdle height with
preferred leading limb. This is not likely to be the case. It is more plausible that the dog either
randomly shift between a lehng limb or have a preferred leading limb, thus the effect of hurdle
height can still be seen. When watching video recordings from the trials this appears to be the

case.

4.1.7 Fatigue

Although it is expectethat the dogs should easily be able to perfoeach trial there is a risk of
fatigue. While the composition of the trials for the hurdles to some extendg#is into account,
the effect of the height of the Arame is susceptible to be confounded by the effect of fatigue.
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There were signs of fafile when running up the high-#fame, which may have resulted in a lower
average Iscore of the three runs. When comparing thadorefor triceps brachirunning up the
A-frame for each height, the-3core is lowestor the high Aframe icture 33. Theaveragel-

score for the first run was 7.7. When comparing gweragel-score for the low Arame with the
averagel-score for the first run on the high-flame conducting a Wilcoxon signed ranks test for
paired samples with two tailso signifiant difference was founqp=097) (appendixN). Thesign

of fatigue when running up the highffame, daesnot seem to confound an effect of the height of

the Aframe.

No effect was found on gluteus superficialis when running up Hiame at different heights.
Meanwhile signs of fatigue were found when running down the mediuitake, as the T, S and
ESTscore were decreased from the first to the last run. This could have affected the chance of
finding a significant difference between the heights. To investitate the mean 3, S and ESTi
score br the low and high Arame wascompared with the mean-TS and ES¥score for the first
run on the medium Arame conducting a Wilcoxon signed ranks test for paired samples with two
tails. A significant decreasenmuscle fibre recruitment was found in gluteus superficialis when
running down the medium Aame the firsttime compared to the mean of running the high A
frame three times (p=0.02), but not the lowframe (p=0.56JappendixN). Thesign of fatigue has
most likely confounded the effect of the height of thefrAme on gluteus superficialis when
running down the medium Arame compared to the high-fkame. This should be interpreted

with caution as the data compared are both a summary measure and raw data.

It is possible that running first the high and seclyrttie medium Aframe tired the dogs and thus
the fatigue was seen when doing the eccentric work running down the medinande. The task
of running the lowest Arame might have been less challengigiving the muscles time to recover
before again running the high-#hame practising thether contact method where no fatigue was
seen. If this is the case the dogs should not practice tfraie more than 3 times in a row,

otherwise they may fatigueral be in increased risk of injury.

The dogs practising the 2o2mntact method may merely be fatigued when practising the running
contact method and the results may not be an effect of shifting method. This could, however, be
rejected as there were nogms of fatigue when comparing the first with the last trial when
changing thecontact method. Additionally, an effect is seen when comparing the two groups of
dogs used to practise each contact method for which fatigue does not have an effect.

To avoid tle height of the Arames being confounded by fatigue the order of the heights could be
randomized and changed between each run, but as this is an extensive work to do both during the
trials and in the following work of the data and statistical analysswhas nodone. Using the
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order in which the hurdles were taken enabled the possibility to test for fatigue more correctly,
and would have been better to implement when testing the effect of the height of thames,

still it would have been labour requmg and statistically insufficient.

Knowing how the results may be affected by the sample size, variance, the analysis, statistics, the
AMG-equipment, inexperience of the dogs, measurements done on only one side and signs of
fatigue this can be takeimto account when discussing the results. Future studies that manipulate
these sources of error could shed further light on this matter.

4.2 The warm-up exercise

The dogs were generally better at using tricépachiiwhen trotting after performing 10 and5
minutes of warmup exercises compared to when performing no warmexercises. Triceps
brachiiwas used significantly more efficient and coordinated after only 5 minutes and although
there was no significant difference betweerlB and 1015 minutes fo the Escore the significant
differences between those and no warap exercise were increasing with increased time spent on
warm-up exercises. This supports the theory of wanmexercises improvingeuromuscular
coordinationand increasing transmissiopexd of nerve impulseKarvonen 199p Several

articles mention this effect of warrap exercises and refer tdarvonen (1992\ho refersto a

popular scientific book written by Hill (1927) describing the function of muscles in the body. It has
not been pasible to get access to the original book, but newer studies using modern techniques
to clarify the subject is recommended. Meanwhile this study shitat warm-up exercises

improve coordination of the muscles, suggesting improved neuromuscular coordireim

transmission of nerve impulses.

Warm-up exercises had no effect on gluteus superficialis. This might be due to the low workload
when trotting as all scores were high from the beginning compared to triceps brachii resulting in
little room for improvement. It is possible that an effect could have been observed with a higher
workload and it could be interesting to make the same comparison when the dogs were galloping
as gluteus superficialis showed a lower E%3¢ore when gallopg as illustrated ipicture 26

A B

Picture 26: Example of an acoustic myography signal recorded from gluteus superficialis in a border
collie trotting (A) and galloping (B) for 5.1 seconds.
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Besides being able to measure the effect of wammexercises with the AM@&quipment, an

effect of the warmup exercises was visible. The dogs worked in a more focused and correct way
for each repetition of the exercises, as seen with the cavaletti, although some dogs could be bored
or tired after 15 mimites depending on the enthusiasm of the owner and dog and the monotony

of the exercise.

Although some dogs got tired or bored after 15 minutes of waimexercises, it could be

interesting to investigate the effect of an extended time of wammexercisesA tendency for the

E and ESTscore to improve with increased duration of waip exercises can be seen and it is
possible it increases further resulting in a significant difference. It could also be interesting to see
when it levels out or results imfigue. If this were to be done then an optimal duration of warm

up exercises could be found and recommendations made.

There was no sign of fatigue during the wanm exercises, which would have been visualized with

a decreasedBcore and the warrnup exdJOA 8 S&4 RAR y2i0 O2YLINRYAAS (K
the following trials. From this observation, it does not seem like the waprexercises reached

0KS &adzoYFEAYLFE fS@St 2F (KS R23aQ OFLLIOAGEZI ¢
turnover (Fergusoret al.2002 and reduced their ability to perforniSfegsoret al. 2002).

4.2.1 Descriptive data

Besides theraining level of the dogs no other characteristics of the dogs showed a significant
difference according to warrap exercises. Thedming level of the dogs will be further discussed
in section4.6 Training level.

4.2.2 Risk of injury

The findings of an improved efficiency and coordination of the muscles, suggest that
neuromuscular coordination is improved, at@ould be hypothesiztthat amore efficient use of
the muscles results in fewer agilitglated injuries. Thus, the performance of waup exercises

may reduce agilityelated injuries. Meanwle this have not yet been prove@ullenet al. 2013a,;
Zacharyet al.2014; Huneycti & Davis 2015), although it is suggested and theoretically explained
that they do so (Stricklest al. 1990;Maloneet al. 1996 Steiss 2002). Further investigation is
needed toprovethe effect of warmup exercises on the risk of agititglated injuries, preferably
under more controlled experiments than a retrospective study. Such an experiment is hard to
execute as agilityelated injuries only occur 1.7 injuries per 10000 hodigcharyet al.2014).
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4.2.3 Conclusion

The hypothesis dficeps brachi and gluteus superficialis showing a higk&STM-scoreas a result
of the performance of warrup exercises is rejected for gluteus superficialis, but cannot be
rejected for triceps brachii.

From the results of this thesis it is recommended to perfd5 minutes of warrup exercises as it
improves the overall use of triceps lotdi, but the first 5 minutes arthe most crucial in relation
to the coordination of the muscle. This may result in fewer agiétgted injuries, but is not
provedto do so.This part of the study was merely an addition to the main study, but the
possibilities of the findings, which by the knowledge of the author is the first of its kind for
decades, arises numerous possibilities for further studies in the area with thef ¥8d®.

4.3 Hurdles

No similar studies have been made to study the effect of hurdle height on the muscles of dogs, but
Pfauet al. (2010) found a higher workload on the muscles as well as a steeper landing angle when
jumping high hurdles compared to longmp. From this a higher recruitment of fibres or higher

firing rate could be expected, but this is not the case in triceps. Although not significant there was
a general decrease in firing rate and muscle fibres activated as well as an improved coordmation
triceps when jumping high hurdles compared to low, and the difference became significant when a
combined ES¥core was calculated. In general, the use of the triceps improved when the dogs
jumped higher hurdles. Gregersen and Carrier (2004) foundttiea¢xtensor muscle for elbow

joints may storage and recover elastic energy in dogs jumping with maximum performance. It is
possible that the improved use of triceps brachii in this study is a result of the muscle, as an elbow
extensor, using elastic ergy when jumping high hurdles. Meanwhile, the same may not be seen
with the low hurdles as a decreased flexion is seen in the fadioeral and scaputaumeral

joints at take off with lower hurdle height (Birch & Lesniak 2013), and may not store as much
elastic energy. It islso found that storage of elastic energy in the distal forelimb of horses

requires high tendon forces (Harrisehal.2010). Thisnay explain why an increased ESdoare is

seen for high hurdles compared to low hurdles as a higheri®adt on the tendons enabling

storage of elastic energy. When landing from high hurdles the stance time is decrléseet (@l.

2010, which means a decreased time for the energy to be absorbed by the front limbs. This could
potentially be stored as aktic energy, but no effect on joint angles when landing according to
hurdle height has been found (Birch & Lesniak 2013). Meanwhile a higher accelerative force with
increased hurdle height have been found (Pé&al. 2010). It is possible that the verécforce

when landing is absorbed as elastic energy stored in the tendons, muscles and collagen of the
front limb and then converted to forward kinetic energy in the following stride (lefaal. 2010).
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The results from gluteus superficialis were in agneat with the expectation from Pfaet al.

(2010) as the dogs generally recruited more fibres and had a higher firing rate in gluteus
superficialis when jumping higher hurdles although not at a significant level. At the same time,
they became significantiyore effective and coordinated at using gluteus superficialis when
jumping high hurdles compared to low hurdles, with the result of a stabled€siie. Opposite

triceps brachii this does not seem to be a result of the storage and recovery of elastyy eser

the hip joint only extends during takeff (Gregersen & Carrier 20D4Meanwhile, it is possible

that the hind limbs like the front limbs use the elastic energy during landing, although 60% of the
energy when landing is absorbed by the front limbsj she front limbs take most of the
decelerative force absorbing more enerdpfguet al.2010).

4.3.1 Descriptive data

When analysing the data and dividing dogs into groups according to their descriptive data no
effect was found of height or age whichnsaccording with previous findings (Leatyal. 2010;

Cullenet al.2013).Zacharyet al. (2014)did not take weight into account when analysing risk of
injury as it was highly correlated with height, which Bietkal. (2016) also found to be the case.
Qullenet al.(2017) did not consider weight, height or age at all when analysing the effect of
jumping hurdles although comparison with their result could have been interesting as the study is
quite similar. Meanwhile Birch & Lesniak (2013) expressed corioedogs jumping hurdles

which are substantially greater than the height of their withers due to a significant increase in
extension of the sacroiliac region and a flexion in the scaputaeral joint resulting in excess

strain on their soft tissues. Bh et al. (2016) found a decreased length of jumping trajectory when
dogs jumped >126% of their height suggesting signs that the dogsappreachingheir limits.

No effect of the height of the dogs was found when dividing the dogs into two groupsasegaat

55 cm. This could be due to the high height the dogs are divided at. In this study, the dogs jumped
102-141% of their height when jumping the high hurdle and the three lowest dogs (>51.6kg)
jumpedx126% of their height.

Although no effect of the dight of the dogs was found, dogs weighing 21 kg or less recruited more
muscle fibres in gluteus superficialis when jumping medium and high hurdles compared to heavier
dogs. No correlation has been analysed between weight and height in this study, thgsutimot

be taken into account. Without taking the correlation with height into account it is preferred to
have a dog with a weight above 21 kg when jumping hurdles above 45 cm as they do not need to
recruit additional muscle fibres. The recruitment ofréb indogs weighing 21 kg or less was close

to its maximum potential as the-Score became closer © (appendiX), thusthe dogsare in

increased risk of injury as maximum capacity of their muscles was reached. Due to the amplitude
being clipped the mamum capacity for muscle recruitment may not be assessed. This does not
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mean that smaller dogs should be overweight to reach the preferred weight and minimize fibre
recruitment as all dogs in this experiment had a condition scorem®fldicould be conseted to
implement the weight when distributing the dogs in their classes and not only their height at the
withers (Birchet al.2016).

Although some dogs were not used to jump high hurdles, there was no difference when
comparing dogs used to jump hurdles55 cm or more with dogs used to jump lower hurdles. The
inexperience according to hurdle height did not affdet results. Still, an effect was found for the
training level of the dogs and this will be further discussed in sedti® raining level

4.3.2 Risk of injury

The force needed when jumping high hurdles is higher (Bfal 2010), but it is met with an

increased coordination of gluteus superficialis and overall improved use of triceps. Thus, the risk of
injury when jumping high hurdles caot convincingly be concluded to be higher compared to low
hurdles. Instead the results indicate the opposite could be the case as the dogs might get careless.
When dogs are 7 years of age or above the handler has the possibility to enrol a seniortblass wi
hurdles being maximum 45 cm higbgnsk Kennel Klub 201L4n the light of current results this

cannot be recommended to do before strictly necessary as the dogs get less coordinated, and
instead of easing the run for the dogs they may be more prorigjtwies. No analysis of risk of

injuries in senior dogs has been made to confirm this theory.

More weight is loaded on the forelimb and a shift of weight distribution towards the forelimbs
(60%/40%) happens with increasing height of a hurdle (Bfal 2010). The effect of this is not
seen in the ES™-scores for the two muscles, although it could be expected to observe a
decreased ESTscore for triceps brachii when the muscle has to deal with the extra weight in
the landing phase. When comparing tfexordingsn picture 27 andpicture 2 an increased
amplitude in the landing phase can be observed, but may not be presented in tH&-E&re for
triceps brachii due to amplitude > 6 dB being clipp&dhigh risk of injuries in the front limbs and
especially the shoulder is found (Lestyal. 2013;Zacharyet al.2014), and the site of injury may
be explained by this increased load on the forelimbs although it is not seen in tH¥-E&res.

The dogs may store and recover elastic energy when jugnipigh hurdles to deal with the

increased force needed to take the jump and hence avoid injuries. Although the use of elastic
energy is more energy efficient, it is also thought to increase the likelihood of injuries, as the distal
forelimb in horses expéence the highest loads (Harrisehal. 2010). In dogs, the injuries were
significantly higher in shoulder, stifle joint, carpal joint and antebrachium when jumping hurdles
(Cullenet al.2013b) most of which is situated in the front limbs. The abibtgtore energy in the
tendons make the force control easier, but at the expense of position control (Alexander 2002).
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Although it is more energy efficient to use store and recover elastic energy it comes with
expenses, and it may not be sufficient to avmigiries during high forces.

The repetitive nature of jumping hurdles may contribute to a higher risk of inRfiguget al. 2009
Levyet al.2013), but no sign of fatigue was shown in the trials nor signs of the muscles not being
able to handle the diérent heights of the hurdles. From these results, there are no signs of a
higher risk when jumping hurdles and no reason to have fewer hurdles on a course. The trials
consisted of 5 hurdles while at competition the average is 13 hurdles plus the othtactass

being performed in a course (Ehrenreich 2017). Rodrigties (2014 cited in Birclet al.2016)

found a decrease in jumping efficiency for horses when the number of hurdles increased, but this
may not be similar for dogs which do not have a ridgon their back. It is possible that an effect

of altered hurdle height can be seen when running an entire course as the effect of the repetitions
as well as the possibility of fatigue could be measured. This could be interesting to investigate
although tght turns and running through tunnels and weaving poles and other obstacles would be
irresponsible when wearing this AM&juipment as entangling is too high a risk. At the same time,
the course of the hurdles was straight forward, and on an agility cahes@urdles may be taken

with tight turns thus loading the limbs and muscles differently. The dog may be asked to jump at
unfamiliar angles or jumping close the hurdles thus more vertical force is loaded on the limbs,
possibly asymmetrically. This would tedevant to investigate in relation to an increased risk of
injuries (Birch & Lesniak 2013), although it may not be possible with the use of AMG due to risk of

entangling of wires.

4.3.3 Conclusion

The hypothesis dficeps brachii and gluteus superfitis showing a lower level of muscle
engagement wherumping lower compared to higher hurdlesrejected for both muscle3he

dogs used their muscles more coordinated and effective when jumping hurdles with a height of 65
cm compared to 45 cm. From thtscannot be recommended to lower the heights of the hurdles,

but it may be recommended to classify dogs according to height as well as weight. When buying a
future agility dog, it could be a good idea to buy a breed that ensures a final weight above 21 kg
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a Ludwig All dogs
2nd low trial mean (SD)
(
3\ |E 0 1.2 (1.0
S 0 0.5 (1.8)
T 4 3.7 (1.6)
ESTI |1.8 1.8 (1.3)
1.8s
b Ludwig All dogs
3rd high trial mean (SD)
| ' E 0 1.5(1.4)
S 0 0.6 (1.7)
T b 3.9 (1.8)
ESTi |1.7 2.0(1.4)
1.8s

Picture 27: lllustration of a jumping sequence of a dog compared with the recorded acoustic myographic signal of triceps brachii. Picture a illustrates the
jumping sequence and recordings when an Australian shepherd (Ludwig) jumps a 45cm high hurdle in a sequence of 5 hurdles for the second time. Picture b
illustrates the jumping sequence and recordings when Ludwig jumps a 65cm high hurdle in a sequence of 5 hurdles for the third time. The ESTi™-scores are
listed to the right for both Ludwig in the current jumping sequence and for the average of 15 dogs jumping the sequence three times together with standard
deviation (SD). The pictures are taken with a Iphone4 or 5 camera explaining the poor quality and the pictures should be interpreted carefully.
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b Ludwig All dogs
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Picture 28: lllustration of a jumping sequence of a dog compared with the recorded acoustic myographic signal of gluteus superficialis. Picture a illustrates the
jumping sequence and recordings when an Australian shepherd (Ludwig) jumps a 45cm high hurdle in a sequence of 5 hurdles for the second time. Picture b
illustrates the jumping sequence and recordings when Ludwig jumps a 65cm high hurdle in a sequence of 5 hurdles for the third time. The ESTi™-scores are
listed to the right for both Ludwig in the current jumping sequence and for the average of 15 dogs jumping the sequence three times together with standard
deviation (SD). The pictures are taken with a Iphone4 or 5 camera explaining the poor quality and the pictures should be interpreted carefully.
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a Triceps brachii
Mean Range
) S= b5.6db 1.8-6.0db
T" | T= 73.8hz 24.0-120.0hz
Gluteus superficialis
Mean Range
S= 4.9db 2.4-6.0db
T= 43.2hz 12.0-120.0hz
b Triceps brachii
Mean Range
S= 5.7db 2.4-6.0db
T= 78.6hz 36.0-120.0hz
Gluteus superficialis
Mean Range
S=  4.7db 2.4-6.0db
T= 40.8hz 24.0-120.0hz
Cc Triceps brachii
Mean Range
S= 5.7db 1.8-6.0db
- - T= 75.2hz 24.0-120.0hz
Gluteus superficialis
Mean Range
WNW,LYN ”WL -.wﬁwﬂﬁﬁmwﬂuwﬂ&paﬂwwwﬂ S=  4.7db 2.4-6.0db
T= 38.5hz 12.0-120.0hz

Picture 29: Example of an acoustic myography signal recorded in an interval of 6.9 seconds from triceps brachii (upper graph) and gluteus superficialis
(lower graph) in a border collie (Ludwig) jumping 65cm (a) 55cm (b) and 45cm (c) high hurdles. For each height and muscle the range and average of S

and T-scores have been translated to amplitude and frequency respectively for 14 large dogs jumping 5 hurdles.
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4.4 The A-frame

4.4.1 The effect of the height

4.4.1.1 Triceps brachii

Cullenet al.(2017) did not find a significant difference in triceps brachii when comparing a high
(1.75 meter) with a low (1.67 meter}ffame, and the findings in this thesis were similar. The only
effect found in triceps when chamg the height of the Arame was an improved coordination
when running down the high-fkame compared to low. The effect was found when the usual
contact method was not taken into account, which Cub¢l. (2017) neither did. Similar results
were fourd when comparing effect of hurdle height on triceps as discusstteiprevioussection

for which a general improved use of the muscle with increased hurdle height was measured. As
suggested earlier it is possible that the dogs simply get careless whdreimg challenged
sufficiently in their performance. Meanwhile, it could also be due to the unfamiliar heldet.
running trajectory of the Arame changes when the-#hame is positioned at a low hgit

compared to the high and medium height as illust@inpicture 33 The dogs are accustomed to
run the high Aframe and they are not trained to run a lowframe, and hence the coordination of
their muscles may not be as effective resulting in a lowscde. Following an BMixder for 10
months showed a@apid improvement in the brain figuring out how many fibres to fire and at what
frequency (Bartelgt al.2017). Meanwhile, the coordination of the muscles improved less rapidly,
but continuously during the Xthonth period. Thus, it takes several montlos muscles to get

more coordinated, and simply running theframe a few times would not improve the
coordination, while the high #rame is weltrained and the coordination effective. Although
training on the low Arame could be considered a method tanimize the impact on the
musculature on the dogs during training allowing more runs this is not the case. The dogs should
be trained if altering the height of the-hame starting with low level intensity, not training them

as they usually would with thieigh Aframe.

No significant differences have been found when looking at dogs used to practise running
contacts. Still it is interesting that a generally higher ESSdore can be observed when running
down the medium Arame suggesting this to be the miooptimal size of the Arame when using
running contacts. These results are not caused by the dogs used to run a medtiameA Further
studies with a bigger sampling size should be made before making a conclusion on this.

When looking apicture 31it is clearly visible that additional muscle fibres are recruited for a
shorter time when running up the-fkame compared to running down. This is similar with the
findings of Carrieet al. (2008) who found an increased activity in forelimb muscles whettirigp
14° uphill and decreased activity in some when trotting tiéwnhill. When looking at the ES'
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scores all scores are increased when running down meaning triceps brachii are more coordinated,
less muscle fibres are recruited and at a lower firirtg r&he ESTY-score was increased no

matter the height of the Arame or the contact methodsed as illustrated ipicture 33 although

AY WFYASQa OF&asS Al A &ranfe2SinflaNdbgel/&ighs ddilbé yhadg Br (1 K S
gluteus superficialis ipicture 32and 31. Although no statistical test has been made for this
observation Culleet al. (2017) found similar results, as triceps had the highest peak activation
when running up the Arame, while the lowest peak activation when running down thane.

Every participatinglogused two steps running up theffame thus all power needed to get up is
gathered in only two steps. In contrast, it is divided in several smaller steps and movements when
running down the Arame especially when practisitige 202ccontact method. Thus, the energy
needed to run down the Arame is distributed over several steps partly the reason of the
increasecESTM-score. The change of E®f$cores could also be explained by the change from

the muscles doing a concerdrexercise and propulsive work running uphill to an eccentric

exercise and making a breaking force running down@akieret al. 2008; Laueet al.2009).

4.4.1.2 Gluteus superficialis

It could have been expected that the practice of contact methodetyeaffected the run down the
A-frame and not up. This is not the case in this study. The dogs practicing thec@otat

method recruited more muscle fibres in gluteus superficialis when running up the Higimé&
compared to the low Arame. It is posble that the dogs lower their speed up theframe to

prepare for the breaking force down theffame and thugyluteus superficialimmay be used for

more propulsive work resulting in more muscle fibres recruited. The dog does not need to prepare
when goirg uphill with a lower Arame, as the need for breaking work down the lovifréme

eases, resulting in fewer muscle fibres recruited. Otherwise no effect of height offilzen& was
found which is similar with the findings of Lawtral. (2009) althoughhey compared a 5%, 0%
and-5% inclination. In this study, the inclinations were: high: 81%, medium: 65% and low: 49%.
Robertet al. (2000) found an increased muscle activity in gluteus medius in horses running a 6%
inclination. Although it was suggestedatigluteus superficialis may show the same result, this was
not the case and it was measured on another species.

While the running trajectory is similar comparing the medium and hifame, the whole
running trajectory of the Arame changes when the-fkame is positioned at a low gt as
illustrated inpicture 34 Thiscould have affected the muscles, it not result in a significant

change of how thgluteus superficialisrasused.
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4.4.1.3 Descriptive data

Taller dogs (> 55 cm at the withers) setenbe more challenged when running up the high and
medium Aframe and this is met with an increased firing rate. It is possible that taller dogs have
altered joint angulations when running theffame, explaining the need for a higher firing rate.
Analyss of kinetics and joint angulations when running thé&a@me could clarify this point. An
altered jumping technique was found with increased percentage height (Birah2016) and the
same could be the case when dogs in different heights run a higamnde. It is not possible to
investigate joint angulation etc. from the data and recordings in this thesis, but the position of the
paw on the ramp when running up theffame is visible on the video recordings for 12 dogs.
Generally, the length and height the ramp when running up the-fkame is proportionally lower

for the higher dogs compared to the lowest dogs. It could be hypothesised that higher dogs
position their paws in another distance as higher dogs normally have longer strides (Fisher & Lilje
2014). The striddength and position of the right front limb on the ramp was measured using
video recordings as shown ficture 30to investigate if the highest dogs had an altered running
trajectory up the Aframe.The result is listed in table Jhd nosignificant differences were found
when comparing the two groups of heights. Thus, it can be rejected that dogs above 55cm have
longer stridelength when running up the high-#lame, and they do not encounter or leave the A
frame in an altered position copared to the lower dog€On the ontrary, the results suggest that
the higher dogs may shorten their stridength relatve to the lower dogs. This impliadower

range of motion and joint angulation in dogs above 55cm when running up the Higim&. Ths

may result in an increased force needed during the lower range of motion which the brain
regulates by increasing the rate with which the muscles are fired.

Training level had an effect according to the height of tHeafne and this will be discusseaul4.6

Training level

Table 14: Twelve dogs running up a high A-frame (170cm) are divided into two groups according to their

height at the withers,h ei ght O 55cm ( n=6) abistanck letwgen the two tduéhdomns ( n = 6 )
of the right front paw and distance from bottom of the ramp to the first touchdown and from top of the ramp to

the last touchdown is measured and mean and standard deviation calculated. The two groups are compared

using a Wilcoxon Rank-Sum tests with p-values listed in the table. The data can be found in appendix N.

Dogs heicomhDogs height >55cm o-
Mean (SD) Mean (SD) |value
Distance:
- between touchdowns 134cm  (23cm) 137cm  (15cm) 0.749
- from bottom of the ramp to the first touchdown 82cm  (19cm) 80cm (24cm) 1.000
- from top of the ramp to the last touchdown 56cm  (31cm) 55cm  (35cm) 1.000
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Picture 30: Position of the right front paw of 12 dogs trained in agility when running up a high (170cm)
A-frame. Unfilled markings are dogs with a height at the withers between 43 and 55 cm while filled
markings are dogs above 55 cm. The blue area is the contact area and is positioned in the bottom
106 cm of the ramp. Two pictures show the position of the right front paw on a border collie (Jet), and
distances between the two points as well as distance to the top and bottom of the ramp are shown.

4.4.1.4 Conclusion
The hypothesis dficeps brachii and gluteus superficialis showing a lower level of muscle

engagementvhen running an Arame with a lower height and slope comparedadigher and
steeper Aframe is rejected for triceps brachii, but cannot be rejected for gluteus superficialis. The
dogs used triceps brachii in a more coordinated and effective manner when running down the A
frame with a height of 170 cm compared to 126.dMleanwhile he dogs practicing the 2020

contact method recruited more muscle fibres in gluteus superficialis when running up the-high A
frame compared to the low Arame. Based on these results it cannot undisputed be

recommended to lower the Arame.
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4.4.2 The effect of contact method

4.4.2.1 Triceps brachii

Triceps brachii is used more efficiently and coordinated when practicing the @u#act method
running both up and down the-fkame. However, it may ndie the casdor dogs used to practice
running contact method as no significant differeneesre found when they shifted to th@o2o-
contact method (see table 1&nd11). This may be due to the small sampling size as the
differences were similar to that of dogs practicing 2a@mtact method. Meanwile, when
comparing dogsised topractice the 202econtact method (n=11) with dogssed topractice the

running contacts (n=3picture 25 similarresults are found when running up theframe. Thus,
practicing the 2o02acontact method improved the use tficeps brachii when running up the A
frame and using this method may reduce the risk of injury. Although a difference would be
expected when running down the-#fame no differences were found when comparing dogs used
to practice the 2o02econtact method vith dogs used to practice the running contacts. Thus, it may
only be the shift from practicing a wehained method to an unfamiliar method that effesthe

dogs when running down the-fiame instead oflte actual contact method useMeanwhile the

fact that a significant difference is seen when clustering all the dogs together contradict this

concern.

4.4.2.2 Gluteus superficialis

No significant difference was found in gluteus superficialis when running up-tream, no

matter the contact method praated or how they were compared. Running down th&amne the
dogs used gluteus superficialis more efficiently when using the 2oBtact method when the
accustomed contact method is not considered. Meanwhile, when considering the usual contact
method useddogs used to practice the 2o0zZmntact method were generally less coordinated
when shifting to the running contact method.

Although it was hypothesized that higheSTiM-scores would be seen when practising running
contacts compared to 202ocontact methal, due to a smoother runnintgchnique over the A
frame without a full stop at the end, this was not the case. It is pos#ilaedogs practising the
2020-contact method have to think more about their use of the muscles and coordination to
prepare forthe full stop, while dogs who ar&mply running over the #tame do not have to be
that coordinated. This could explain the difference in thecBre. Meanwhile no increased fibre
recruitment or higher firing rate is necessary.

4.4.2.3 Conclusion
The hypotlesis oftriceps brachii and gluteus superficialis showing a lower level of muscle
engagementvhen using a running contact method compared to the 2o2atact method when
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running the Aframe is rejectedPracticing the 2o2@ontact method improved the effiency and
overall coordination in triceps brachii when running up th&amne, and similar findings were
seen when running down for both muscles. Dogs used to practice the @u#act method

should notchangeto practicing running contact without prioraming. Meanwhile there is no
reason not tochangebetween the practice of contact method when a dog is trained in the
running contact method. How these results may affect the risk of agility related injuries will be
discussed in the following.

4.4.3 Risk of injury

A lower Aframe may increase the risk of injury as the dogs might get careless, otherwise the
adjusted height of the Arame should be trained for the muscle coordination to be adjusted.

A higher muscle fibre recruitment is visible in dogsning up the Arame compared to running
down. It is possible that triceps brachii is close to reaching maximum capacity and the increased
muscle fibre recruitment shows how much force is directed on the front limbs running up-the A
frame. The higher thaexpected number of injuries in the shoulder and phalanges (Cetlah

2013) may partly be caused bynningup the Aframe.

Another explanation of the high number of injuries in connection with running tfiraie could

be the eccentric work executedhen running downhilll{indstedtet al.2001; Laueet al.2009).

When looking apicture 31and32the eccentric work when running downhill can be seen with the
force needed distributed over several steps compared to the concentric work shown using two
steps when running uphill. When doing eccentric work a lower number of type Il fibres are
recruited and the force is taken up by the type | fibres which are unable to cope with the
considerable force produced by the type Il fibres and as a result are mone podnjuries Friden

& Lieber 1992Harrison 2017h The long head and lateral head of triceps brachii has a relatively
high percentage of type Il fibres as well has gluteus superficialis, while the opposite is the case for
the accessory head and mediedad of triceps brachii. Type Il fibres contract fast and are easily
fatigued, but when running down the-fhame the stance phase is prolonged compared to the
swing phase (Cullegt al.2017) and thus a prolonged need for muscle fibres to be active occur.
Instead type | muscle fibres must take over not being the optimal type for eccentric contractions
and less abundant in gluteus superficialis and the two biggest heads in triceps brachii. If the
muscles cannot meet the needs during eccentric contractiopsi@s may occur, and the eccentric
work weakensvhen the muscle has previously been damagkahbiageret al. 1998; Brockett

2004).

Dogs used to practise the 2o02ontact method may be at increased risk of injury when shifting
methods as they impaired threuse of triceps brachii both running up and down thé&#&me.
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Their muscles are not familiar with the pattern, and a shift in pattern when running down-the A
frame while doing eccentric work often causes injuries, but with proper training this can be
avaded (Lindstedtet al.2001). Although no reason is fourmibt to shift between the practice of

the contact method when trained in practicing the running contact method, this should be done
with caution, as a shift from the normal pattern occurs.

The pracise of the 202econtact method may reduce the risk of injuries in the hind and front
limbs as a significantly improved use of the two muscles is seen. @ubé¢r§2013) did not
distinguish between the practiced contacts method when investigating thkeofisjuries, type

and location in relation to the #rame. Generally, no comparisaf the two contact methods has
scientifically been investigated before, making these results the first of their kind. Based on the
present results, it is possible thatehmuscles are better at handling the slower decelerative work
down the Aframe with the full stop Carrieret al. 2008;Cullenet al.2017), than the work of
convertingpotential energy to forwards kinetic energy.

The Aframe is usually only used oncearcourse at competition, but may be practised several
times when training. Repeated movement with eccentric contraction may accumulate macro
damages to muscle fibres that predispose to injuriesymano\et al. 2007: Schacheet al. 2009;
Schacheet al.2010). This could result in injuries both when running the current obstacle, but as
macro damages may take place an increased risk of injury is carried on to the following obstacles
on the course. Injuries occurring on e.g. hurdles may be partly due tagamn the muscle from
running the Aframe earlier on the course. The opposite could be the case as well. In this study,
the dogs ran the Arame a total of 12 times, half of them at the highest position. Meanwhile no
apparent injuries were observed andgtmost apparent sign of fatigue was in gluteus superficialis
when running down the medium-fkame. As mentioned earlier it is possibiat the dogs should
not practice the Arame more than 3 times in a row, otherwise they may fatigue and be in
increasedisk of injury.

Some effect was found in the two muscles, but further studies with a higher sampling dize an
randomization of the trials areecommended together with a more even distribution of dogs
using the two contact methods as well as trained atle height and contact method. To aid future
studies the range andverage of S and-gcores have been translated to amplitude and frequency
respectively as seen table 15
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Table 15: Range and average for both amplitude and frequency in the two muscles triceps brachii and
gluteus superficialis for dogs running a 170cm high A-frame practicing their usual contact method.

Lene Hgeg Callesen

August 2017

Running up the A-frame

Running down the A-frame

Mean Range Mean Range
Triceps brachii
Amplitude (S) 5.5db 1.8-6.0db 4.7db 1.8-6.0db
Frequency (T) 35.9hz 0-108hz 20.3hz 0-84hz
Gluteus superficialis
Amplitude (S) 4.7db 1.8-6.0db 2.41db 0.6-6.0db
Frequency (T) 20.9hz 0-48hz 30.7hz 0-120hz

4.4.4 Conclusion

Theshift from practising the 2o02gontactmethod to the running contact method is likely to

increase the risk of injury as well as repeated training on tfi@ame. Changing the height of the

A-frame to 120 cm and practising running contacts may also increase the risk of injury.
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Jamie: E=3 S=0 T=38 ESTi = 3.67 Jamie: E =3 S=3 T=8 ESTi =4.67
Mean: E=2.50 S=0.68 T=7.01 ESTi=3.40 Mean: E=4.81 S=2.12 T =831 ESTi=5.08

Picture 31: lllustration of a border collie (Jamie) running the A-frame practicing 2on-20ff contact method compared with the recorded acoustic myographic
signal of triceps brachii. Sections for analysis are indicated with the dashed red lines. The ESTi™-scores for Jamie in illustrated run and the average of 14
dogs running the A-frame three times are listed together with standard deviation (SD). The pictures are taken with an Iphone4 or 5 camera explaining the
poor quality and the pictures should be interpreted carefully.
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Jamie: E =3 S=1 T=9 ESTi=4.33 Jamie: E = 8 S=0 T=7 ESTi=5.00
Mean: E=4.24 §=2.12 T =826 ESTi=4.87 Mean: E=5.13 §=5.64 T=755 ESTi=6.17

Picture 32: lllustration of a border collie (Jamie) running the A-frame practicing 2on-20off contact method compared with the recorded acoustic myographic
signal of gluteus superficialis. Sections for analysis are indicated with the dashed red lines. The ESTi™-scores for Jamie in the illustrated run and the average
of 14 dogs running the A-frame three times are listed together with standard deviation (SD). The pictures are taken with an Iphone4 or 5 camera explaining
the poor quality and the pictures should be interpreted carefully.
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Picture 33: lllustration of a border collie (Jamie) running the high (h=170cm, picture a), medium (h=150cm,
picture b) and low (h=120cm, picture c) A-frame using 2on-2off contacts method and running the high A-
frame using running contact method (picture d). Each is compared with the recorded acoustic myographic
signal of triceps brachii. The ESTi™-scores for the run up and down the A-frame respectively are listed for
Jamie together with the average of 14 dogs running the A-frame three times. The pictures are taken with an
Iphone4 or 5 camera explaining the poor quality and the pictures should be interpreted carefully.
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