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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 agility is in risk of getting soft tissue injuries in their shoulders and backs, 

especially when running the A-frame and jumping hurdles. The aim of this thesis was to 

investigate how the muscles in dogs are affected by altered height of the hurdles and the A-frame 

to avoid agility-related injuries. Additionally, the effect of chosen contact method on the A-frame 

was investigated, comparing the running and the 2on-2off contact method. As the dogs were to be 

warmed up and cooled down in connection with the trials, the effect of warm-up and cool-down 

exercises on muscle function was also investigated.  

Muscle activity was assessed with the use of acoustic myography which allows assessing the 

muscle function of dogs in real time while the dogs are performing agility. Fourteen large dogs of 

different breeds participated in 4 trials. First the dogs were warmed-up performing general and 

specific warm-up exercises for 3 times 5 minutes. Second the dogs jumped a sequence of 5 hurdles 

positioned 7 meters apart, first with a height of 45cm (low), next 55cm (medium) and finally 65cm 

(high). This was repeated 3 times. Thirdly the dogs ran the A-frame three times in three different 

heights 170cm (high), 150cm (medium) and 120cm (low) respectively while practicing their 

preferred contact method. Subsequently they ran the high A-frame three times using the other 

contact method. Fourthly the dogs performed a 15-minute cool-down exercise. During the four 

trials, the dog wore a harness equipped with a CURO measuring muscle activity in triceps 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 results showed an increased coordination in triceps brachii after 5 minutes of warm-up 

exercises and a general improved use after 10 minutes of warm-up exercises. Meanwhile no effect 

was found in gluteus superficialis. The dogs generally had an improved use of triceps brachii and 

used gluteus superficialis more coordinated when jumping high hurdles compared to low. Dogs 

used to practice the 2on-2off contact method recruited less muscle fibres in gluteus superficialis 

when running up the low A-frame compared to the high. Meanwhile triceps brachii was used more 

coordinated when running down the high A-frame compared to the low when the contact method 

used was not considered. The dogs used triceps brachii more coordinated and overall better when 

practising the 2on-2off contact method compared to the running contact method when running 

both up and down the A-frame. Similar results were seen for gluteus superficialis when running 

down the A-frame. The cool-down exercise had no effect on muscle activity in the dogs. Dogs 

training weekly had an improved muscle activity during all exercises.     

In conclusion, it cannot be recommended to lower the hurdles or the A-frame to avoid injuries and 

the practise of the 2on-2off contacts method is preferred. Dogs improve their muscle activity 

when performing warm-up exercises while cool-down 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 sin hund gennem en 

fastsat bane med spring, balance og andre forhindringer i høj fart. Hunde der deltager i agility er i 

risiko for at få skader i det bløde væv i skulder og ryg, specielt når de forcerer A-brættet og 

højdespringene. Formålet med dette speciale var at undersøge, hvordan hundenes muskler 

påvirkes af ændringer i højden på springene og A-brættet med det formål at undgå 

agilityrelaterede skader. Effekten af hvilken metode man har valgt til at få hunde til at tage felter 

på A-brættet blev også undersøgt ved at sammenligne løbefelter og 2på-2af felter. Da hundene 

alligevel skulle varmes op og køles ned i forbindelse med afvikling af forsøgene, blev effekten af 

opvarmning og nedkøling på musklerne også undersøgt.   

Muskelaktiviteten blev undersøgt ved brug af acoustic myography, som gør det muligt at 

undersøge muskelfunktionen hos hunde i aktuel tid mens hunden løber agility. Fjorten store 

hunde af forskellige racer deltog i 4 forsøg. Først blev hundene varmet op ved at udføre både 

generel og specifik opvarmning i 3 gange 5 minutter. Dernæst sprang hundene en sekvens på 5 

spring placeret med 7 meter imellem, først med en højde på 45cm (lav), dernæst 55cm (medium) 

og til sidst 65cm (høj). Dette blev gentaget 3 gange. I det tredje forsøg løb hundene over A-brættet 

3 gange i 3 forskellige højder henholdsvis 170cm (høj), 150cm (medium), lav 120 cm (lav), mens de 

udførte deres vante felttræning. Efterfølgende løb de det høje A-bræt 3 gange, mens de udførte 

den anden metode til træning af felter. I det fjerde forsøg lavede hundene nedkølingsøvelser i 15 

minutter. Under alle 4 forsøg bar hundene en sele med en CURO påmonteret. Denne målte 

muskelaktivitet i triceps brachii og gluteus superficialis på hundens højre side via sensorer placeret 

på huden over hver muskel. Hundenes ejere blev stillet spørgsmål omhandlende hundens 

karakteristika, agilitytræning og skadeshistorik.       

Resultaterne viste en forbedret koordinering af triceps brachii efter 5 minutters opvarmning og en 

generel forbedring efter 10 minutters opvarmning. Til gengæld blev der ikke fundet nogen effekt 

på gluteus superficialis. Når hundene sprang de høje spring brugte de generelt triceps brachii 

bedre, og gluteus superficialis var bedre koordineret sammenlignet med når de sprang de lave 

spring. Hunde som var vant til at træne 2på-2af felter rekrutterede færre muskelfibre i gluteus 

superficialis, når de løb op ad det lave A-bræt sammenlignet med det høje. Til gengæld blev 

triceps brachii brugt mere koordineret, når de løb ned ad det høje A-bræt sammenlignet med det 

lave, hvilket gjaldt alle hundene uanset felttræning. Hundene brugte triceps brachii mere 

koordineret og generelt bedre når de udførte 2på-2af felter sammenlignet med løbefelter både på 

vej op og ned af A-brættet. Lignende resultater blev fundet for gluteus superficialis, når hundene 

løb ned af A-brættet. Nedkølingsøvelserne havde ingen målbar effekt på hundenes muskler. 

Hunde som træner ugentligt havde en bedre muskelaktivitet under alle forsøgende.  

Det kan konkluderes, at det ikke kan anbefales at sænke højden på springene og A-brættet for at 

undgå skader, og at det bør foretrækkes at træne 2på-2af felter. Opvarmningsøvelser forbedrer 

hundenes brug af deres muskler, mens nedkølingsøvelser ikke har noget umiddelbar effekt. Det 

anbefales at træne ugentligt, da dette forbedrer brugen af musklerne.         
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1.0  Introduction  

1.1 Canine agility  

Canine agility (agility) has 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 (Levy et al. 2013; Drinkwater 2017; United States Dog Agility Association 

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 1,223,660 entries (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). acknowledgement  

Agility 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 (hurdles), A-frame, wall, tyre, see-saw, dog 

walk, flat tunnel, tube tunnel, weaving poles, long jump and table. The design of each obstacle can 

be seen in appendix A. There are different regulations all over the world, but to ensure a 

homologue execution there are some major international organizations who have made a set of 

rules or guidelines to follow. This will be explained further in section 1.1.2 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 2017a). There are three levels of complexity. The 

ǇŀǊǘƛŎƛǇŀƴǘǎ ǎǘŀǊǘ ŀǘ ōŜƎƛƴƴŜǊǎΩ ƭŜǾŜƭ ŀǘ ƭŜǾŜƭ мΣ ōǳǘ ŀǎ ǘƘŜȅ Ǌǳƴ ŀ certain number of trials without 

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. For each 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 hurdles. (Dansk Kennel Klub 2014; Danmarks civile Hundeførerforening 2015; 

Federation Cynologique Internationale 2017a). For 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 performing agility may 

contribute to a higher risk of injury (Levy et al. 2013; Pfau et 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 through studies 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, sprains and contusion 

may occur. In recent years studies have been made to investigate the risk and cause of injuries in 

dogs performing agility.   

Levi et al. (2009) completed a preliminary retrospective survey in the period from November 2005 

to February 2006 in which 1627 agility handlers answered a one-page questionnaire regarding 

agility related injuries in their dogs. As it is a preliminary survey it should be interpreted with 

caution.   

Cullen et al. (2013a,b) performed a retrospective internet-based survey in the 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 perceived cause of injury in dogs and another using 

multivariable techniques to find risk factors.   

Zachary et al. (2014) made a pilot study in which a questionnaire was administered to 217 

handlers with 431 dogs competing in 5 trials in Ohio over a 4-month period and ending with a 

follow-up survey at a sixth trial. The questionnaire regarded agility-related 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, it 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 agility-related injuries. This can be seen in 

table 1 in which the two articles by Cullen et al. 2013a and -b 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. Border collies 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 with A-frame, dog walk or hurdles. It results almost equally in both 

minor and major injuries. (Levy et al. 2009; Cullen et al. 2013a,b; Zachary et 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 agility 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 

injured, of these 58% occurred 

during competition while the 

42% occurred during training. 

Border collies were 

significantly more often 

injured. 

32% of the dogs had been 

injured.  

The risk of injuries is the same 

for competition (46%) and 

training (45%). 

Dogs are at higher risk when: 

they have previously been 

injured, dog have Ò4 years of 

experience and the use of 

alternative therapeutic 

treatments.  

Contrary dogs are at lower risk 

when: dog have >4 years of 

experience and handler has Ó5 

years of experience.  

Of the injured dogs (n=35) 

45% occurred during 

competition (1.74 injuries per 

10000 runs) while 47% 

occurred during training (1.72 

injuries per 10000 hours).  

 

Dogs visiting a chiropractor 

had 2.63 times odds of injury 

and dogs getting massage had 

2.40 odds of injury. 

Type Soft tissue injuries were the 

most common type of injury. 

Sprains, strains and 

contusions. 

Soft tissue injuries were the 

most common type of injury. 

Sprains, strains and 

contusions. 

Strains, cut/scrapes and 

sprains 

Site The shoulders (20%) and 

backs (18%) were most 

commonly injured. The stifle, 

hip, carpus, phalanges were 

injured less frequently. 

Shoulder (23%), back (19%), 

phalanges (13%), neck (12%) 

A significant higher number of 

injuries was found for: 

- hurdles in: shoulder, stifle 

joint, carpal joint and 

antebrachium. 

- the A-frame in: shoulder and 

phalangeal.  

- the dog walk in: ribcage and 

head. 

NA 

Cause Direct contact with an obstacle 

(35%), contact with ground 

(18%), slips (18%), overuse 

(17%) 

The three obstacles causing 

the highest number of injuries 

where A-frame (29 %), dog 

walk (19%) and hurdles (17%).  

The three obstacles causing 

the highest number of injuries 

where hurdles (16%), A-frame 

(15%), dog walk (11%)  

Environmental factors (eg. wet 

grass) (13%) 

 

Direct contact with an obstacle 

(32%), slips/fall (incl. 

obstacles) (29%), 

The four obstacles causing the 

highest number of injuries 

where A-frame (11%), flat 

tunnel (11%), tyre (not a break 

away tyre)(8%) and dog walk 

(8%). 

Severity  For obstacle-related injuries 

46% caused minor injuries and 

42% caused major or chronic 

injuries. 67% of the retired 

dogs retired due to agility-

related injuries.  

For the injuries occurring at 

practice 55% were minor and 

45% were severe injuries. 

For the injuries occurring at 

competition 52% were minor 

and 48% were severe injuries. 

26% were minor injuries, 26% 

were major injuries and 18% of 

the injuries were chronic while 

5% required surgical repair. 

*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 country. Besides making sure the judgement of pedigrees is 

homologue, FCI also set a standard for international agility competitions to ensure a homologue 

execution between member countries. (Federation Cynologique Internationale 2017b). This is 

done through agility regulation, equipment standards and guidelines for agility judges made by the 

FCI (Federation Cynologique Internationale 2011a; Federation Cynologique Internationale 2017a). 

These regulations are made and revisited by the FCI agility committee with experts from 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 primarily focus on the work with pedigrees, but do 

also offer activities for dogs and their owners such as agility (Dansk Kennel Klub 2017b). Besides 

5YY ƻǘƘŜǊ ōƛƎƎŜǊ ŀǎǎƻŎƛŀǘƛƻƴǎ ǎǳŎƘ ŀǎ 5ŀƴƳŀǊƪǎ ŎƛǾƛƭŜ IǳƴŘŜŦǄǊŜǊŦƻǊŜƴƛƴƎ ό5ŜƴƳŀǊƪΩǎ ŎƛǾƛƭƛŀƴ ŘƻƎ 

handler association (DcH)) and Danske Gymnastik- og Idrætsforeninger (Danish Gymnastics and 

Sports Associations (DGI)) offer canine agility training and competitions together with other 

smaller associations (Danske Gymnastik- og Idrætsforeninger 2017b; Danmarks civile 

Hundeførerforening 2017a; Kvistgård Agility Forening 2017; Dansk Agility Forening København 

2017). Most of the agility associations in Denmark follow the FCI regulations for a homologue 

practicing of the canine sport in the country, although some with modifications as suggested by 

the FCI (Dansk Kennel Klub 2014, Danmarks civile Hundeførerforening 2015, Danske Gymnastik- og 

Idrætsforeninger 2017a, Federation Cynologique Internationale 2017a).  

Both the FCI, DKK, DcH 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 has offered a large 

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 injuries. 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 tunnel. In 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 committees in 

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 

http://www.dkk.dk/side.asp?ID=1512
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dogs (The Kennel Klub 2016; Herwig 2017). They are not members 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 judges. 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 dogs was 65 cm, but with the newest regulation an interval from 60-65 cm 

was made which is similar to the level 2 height (Danmarks civile Hundeførerforening 2014). This 

opened the opportunity for lowering the heights of the hurdles in level 3 if chosen by the judge. 

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 changed 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 

Gymnastik- og Idrætsforeninger 2017a, Federation Cynologique Internationale 2017a). This 

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 see-saw has been shortened from being no longer than 4.2 

meters to 3.8 meter (Danske Gymnastik- og Idrætsforeninger 2017a, Federation 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 the A-frame was 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 Agility Association (USDAA) changed the height of the A-frame for large dogs to 

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

Dog Agility Association 2007). This was among others done to lessen the impact of dogs running 

the A-frame with the 2on-2off (2o2o) contact method (Schwarz 2007).  

The 2on-2off is a method to ensure the dogs touches the contact area which is the last 106 cm 

from the bottom of each ramp on the A-frame (picture 1) and 90 cm on the dog walk and 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 paw (Federation Cynologique Internationale 2017a). The exception is the run up the A-

frame at the DcH (Danmarks civile Hundeførerforening 2015). This rule is made for security 

reasons ensuring the dog do not jump from high ground. There are two main practices in Denmark 

when training the insurance of taking the contact area, the 2o2o-contact method and the running 

contact method. When practising the 2o2o-contact method the dog runs the A-frame and before 

leaving it stands still with its hind paws on the contact area and the front paws on the ground until 

a release command is given (picture 1). When using the running contact method, the dog touches 

the contact area in the run and do not slow down (picture 2). Both methods may be trained with 

strict methods or loosely learned, and the results and efficiency differ greatly at competitions. The 

2o2o-contact method is highly discussed due to the impact 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-2off contacts on an A-

frame. 

Picture 2: Dog practicing running contacts on an  

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 in all sizes resulting 

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 the physics 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 

especially when jumping high hurdles or running the A-frame. 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 structures may be related to injury (Pfau 

et al. 2010), and cited from Cullen et al. όнлмоōύ άAn important 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 athletesέ ¢Ƙƛǎ Ƴǳǎǘ ōŜ ŘƻƴŜ ƴƻǘ ƻƴƭȅ ƛƴ ǘƘŜ ƛƴǘŜǊŜǎǘ ƻŦ ǘƘŜ ƻǊƎŀƴƛȊŀǘƛƻƴǎ ƳŀƪƛƴƎ ǘƘŜ ǊǳƭŜǎΣ 

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

The hurdles and A-frame will be in focus in this thesis together with the muscles triceps brachii 

and gluteus superficialis. The reason to choose these muscles is that the activity of triceps brachii 

are increased when both ascending the A-frame and jumping hurdles (Cullen et al. 2017), and 

gluteus superficialis make propulsion work together with gluteus medius (Robert et al. 2000). 

From this knowledge, it is expected that these muscles are affected when jumping hurdles and 

running the A-frame. Their activity can be measured with the use of acoustic myography (AMG) 

showing in ESTiTM-scores and this will be further explained in section 1.8.1 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 A-frame to avoid agility-related injuries. 

This is investigated 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 higher ESTiTM-score. 

2. Triceps brachii and gluteus superficialis shows a lower level of muscle engagement when 

running an A-frame with a lower height and slope compared to a higher and steeper A-

frame, as assessed by a higher ESTiTM-score. 

3. Triceps brachii and gluteus superficialis shows a lower level of muscle engagement when 

using a running contact method compared to the 2on-2off contact method when running 

the A-frame, as assessed by a higher ESTiTM-score. 

As it is intended to make the dogs perform warm-up and cool-down exercises before and after the 

trials respectively, the effect of this is measured as well, with the following hypotheses.   

4. Triceps brachii and gluteus superficialis show a higher ESTiTM-score as a result of the 

performance of warm-up exercises. 

5. Triceps brachii and gluteus superficialis show a higher ESTiTM-score as a result of the 

performance of cool-down exercises. 

¢ƘŜ ǊŜŀǎƻƴƛƴƎ ōŜƘƛƴŘ ǘƘŜǎŜ ƘȅǇƻǘƘŜǎŜǎΩ ǿƛƭƭ ōŜ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǎŜŎǘƛƻƴǎΦ  

1.2.1 Delimitations 

Some delimitations have been applied to the thesis to minimize the size of the thesis, but also due 

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 consequence of the chosen assessment technique. The AMG-

equipment also limited the size of the dogs being able to participate in the experiment as 

explained in section 2.1 Recruitment of participants, resulting in dogs below 43 cm at the withers 

were excluded. Only dogs from Denmark and especially the capital area would participate in the 

experiment due to the location of the trials. The effect of warm-up exercises on the performance 

of the following exercises will not be investigated. Likewise, the effect of the cool-down 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 of muscle work 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 jumping, number of steps between hurdles, type of gallop, strong and weak side, 

jumping technique etc. will not be assessed in this study.  

1.3 Nerves 

This thesis focuses on the muscles of the dog which consist of up to 40-45 % of the total 

bodyweight of the dog (Huard et 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 located (Sjaastad 

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 neuromuscular junction and the synaptic cleft lies 

between the membranes (Sjaastad et al. 2010; Fisher & Lilje 2014). From here the nerve impulse 

stimulates contraction of the muscle fibres.  

1.3.1 Activation of muscle fibres -Part I 

Neurons carrying impulses away from the central nervous system (CNS) are called motor neurons. 

(Aspinall & Cappello 2009; Sjaastad et al. 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 changes in reference values. The muscle 

spindle sends information about changes in length of the contraction, and the alpha and gamma 

neurons respond accordingly (Sjaastad et al. 2010; Fisher & Lilje 2014). Thus, the muscle 

contraction may increase or decrease as needed. One 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 neuron 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; Sjaastad et al. 2010; Fisher & Lilje 2014). According to 

the work of the muscles additional 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 amount of active muscle fibres recruited. (Harrison et al. 2017; MyoDynamik ApS 2017). This 

knowledge can be applied when measuring muscle function and will be further explained in 

section 1.8.3 Interpretation of the ESTiTM-scores. 

1.4 Muscles  

Muscles are composed of bundles of muscle fibres (Sjaastad et al. 2010). Each muscle fibre has 

several nuclei (myonuclear) and more myonuclear may be added by fusion of satellite cells when 

hypertrophy occurs (Sjaastad et al. 2010; Bazgir et al. 2017). Satellite cells is mononuclear muscle 

stem cells which have self-renewal and multi-differentiation capabilities (Bazgir et al. 2017). They 

lie between the basal lamina and plasma membrane and the number decreases with age 

(Bruusgaard et al. 2010; Bazgir et al. 2017). Each muscle fibre consists of multiple myofibrils which 

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

and form units of contraction called sarcomeres. In one end, the actin filaments are attached to a 

protein lattice called the Z-ŘƛǎŎΣ ǿƘƛƭŜ ǘƘŜ ƳȅƻǎƛƴΩǎ ŀǊŜ ŀǘǘŀŎƘŜŘ ǘƻ ŀ ǇǊƻǘŜƛƴ ƭŀǘǘƛŎŜ ǿƘƛŎƘ ƛǎ ŎŀƭƭŜŘ 

the m-line. For visualisation and further details see picture 3 from Sjaastad et al. (2010). The 

largest of all known proteins, titin, is attached to the M-line and Z-disc and ensures that the 

myosin filaments are kept centered (Lindstedt et al. 2001; Sjaastad et al. 2010).  
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1.4.1 Activation of muscle fibres -Part II  

Muscles contract when the nerve terminal of the motor neuron that innervate the muscle is 

depolarized. For a better understanding of the underlying processes figure 4 is made with 

inspiration from Aspinall & Cappello (2009) and Sjaastad et al. (2010). Muscle contraction need 

energy supplied as adenosine triphosphate (ATP). Adenosine triphosphate can be obtained either 

by aerobic metabolism (respiration) or anaerobic metabolism (glycolysis) (Hopkins 2006; Aspinall 

& Cappello 2009; Sjaastad et al. 2010). This is dependent on the type of work and hence the 

muscle fibre type activated.   

  

 
Picture 3: Illustration of muscle fibre composition. See original figure text in the picture taken from Sjaastad 

et al. (2010), page 282. 
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Picture 4: Illustration 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, IIA, IIB, IIX respectively and three hybrids type I-IX, 

IIA-IIX, IIB-IIX (Acevedeco & Rivera 2006; Toniolo et al. 2007).  

Type I muscle fibres have a diameter of 1. 1-нΦп ˃Ƴч όbŜǿǎƘƻƭƳŜ et al. 1988) and are slow 

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 small glycogen deposits. The design of the type I muscle fibres means they are 

often the first to be recruited for more continual work, and they are fatigue resistant (Hopkins 

2006; Fisher & Lilje 2014). They are used to stabilize and maintain posture (Sjaastad et al. 2010; 

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 I fibres (Fisher & Lilje 2014).  

Type II muscle fibres have a diameter of 1.9-оΦм ˃Ƴч όbŜǿǎƘƻƭƳŜ et al. 1988) and are further 

divided into type IIA and type IIX (Toniolo et al. 2007; Fisher & Lilje 2014). Equal for both of them is 

they are fast oxidative and glycolytic fibres, meaning they contract 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 II 

muscle fibres means they are used for short intensive work and are easily fatigued especially the 

glycolytic fibres (Hopkins 2006; Sjaastad et al. 2010; Fisher & Lilje 2014). They are used in jumping 

exercises and generally were high power of short duration is needed, and is abundant in muscles 

doing propulsive work (Sjaastad et al. 2010).  

Humans have both type IIA and type IIB muscle fibres. Type IIA is both oxidative and glycolytic 

while type IIB is only glycolytic. Although type IIB muscle fibres have been seen in laryngeal and 

extraocular muscle in two large dogs (Toniolo et al. 2007), type IIB muscle fibres have not 

otherwise been found in dogs. Instead they have type IIX muscle fibres, which is oxidative and 

glycolytic, and according to contractile, metabolic and morphological features are an intermediate 

between type I and type IIA (Acevedo & Rivera 2006; Fisher & Lilje 2014). It is thought to be the 

explanation of the extraordinary levels of stamina in dogs (Acevedo & Rivera 2006). Type IIX 

muscle fibres can be found in the leg muscles, but are not found in some back muscles (Acevedo & 

Rivera 2006) nor diaphragm (Toniolo et al. 2007). Type IIX muscle fibres are especially frequent in 

semimembranosus and tibialis cranialis (Toniolo et al. 2007). Hydrids between IIA and IIX or IIB and 

IIX do also exist and IIA-IIX hybrids are abundant in longissimus dorsi (Toniolo et al. 2007). Pure IIX 

or the hybrids have previously been misclassified and associated as one muscle fibre type 

(Acevedo & Rivera 2006; Toniolo et al. 2007).  
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The distribution of type I fibres has been investigated in three mongrel dogs (Armstrong et al. 

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 superficial muscles in the same group. In 

general, the deeper areas of the muscles had more type I fibres compared to the superficial areas 

(Armstrong et al. 1982).           

No breedspecific differences in muscle fibre type composition have yet been found (Newsholme et 

al. 1988; Agüera et al. 1990 cited in Fisher & Lilje 2014; Toniolo et al. 2007), except for greyhounds 

which have a higher proportion of type II fibres (Gunn 1978). The composition of fibre type is not 

different between male and female in dogs (Gunn 1978), but 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 are relatively immature at birth and develops until a 

mature morphology are reached at an age of two months (Strbench 2006). Puustjärvi (1994) found 

that 10 beagles trained on a treadmill from the age of 15 to 70 weeks had a higher percentage of 

type I 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 II 

fibres decrease with advancing age in male dogs (Braga et al. 2016). Alway et 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 I fibres 

was significantly lowered. Muscles in elderly animals is less affected by overload, and like dogs 

aged rats has a lower content of type II fibres (Alway et al. 2002). In humans, the percentage of 

type II fibres is found to decrease during heavy-resistant-training, but bounces back to normal 

level when detrained (Staron et 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 (Fisher & Lilje 2014). Heavy resistance exercise 

will result in an increase of myofibrils, myonuclear and satellite cells and a decrease in volume 

density of mitochondria (Lüthi et al. 1986; Kadi and Thornell 2000). Meanwhile, endurance 

training increases the capillary and mitochondria volume density (Hoppeler et al. 1985 cited in 

Hoppeler & Flück 2002). The muscle gets atrophied when not in use meaning they become smaller 

as the myofibrils is degenerated (Sjaastad et al. 2010; Fisher & Lilje 2014).  Training alters the 

expression of gene isoforms mainly associated with the oxidative ATP production and express 

novel transcripts in humans (Lindholm et al. 2016). Studies of an overloaded muscle in mice has 

found that an elevated number of nuclei persisted after 2 years of detraining and that only 1% of 

the myonuclear is lost as a result of apoptosis (Bruusgaard et al. 2010). This may result in a more 



Master thesis Lene Høeg Callesen August 2017 

27 

efficient response to retraining (Bruusgaard et al. 2010), which has been found in humans (Staron 

et al. 1991), although proof of muscle memory is not found in humans on gene level (Lindholm et 

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 work (Lindstedt et 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 which 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 (Lindstedt et al. 2001). The stored energy is 

recoverable and can be added to the subsequent stride, making the pace more energy efficient 

(Gregersen et al. 1998; Lindstedt et al. 2001). Thus, the pre-stride before jumping is important 

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

to the power needed to jump the hurdle or ascending the A-frame. Dogs may not store energy as 

efficient as horses as their paws functions as shock absorbers (Williams et al. 2008a). Still, dogs 

have been found to store high amounts of strain energy in their Achilles tendons when jumping 

long jumps (Alexander and Bennet-Clark 1977), and the front limbs has an even greater potential 

for storing elastic energy when trotting and galloping (Gregersen et al. 1998). Generally, more 

storage of elastic energy is produced in the distal extensor muscles when trotting and galloping 

compared to the more proximal extensor muscles (Gregersen et al. 1998). 

1.5 Types of muscle contraction  

Muscles undergo two types of contraction the isometric 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 shortening (concentric) or lengthening (eccentric) (Enoka 1996; Aspinall & Cappello 2009; 

Gillette & Dale 2014). Abbott et al. (1952) found that a greater muscular force was needed for 

eccentric exercises compared to concentric exercise. In general, the energy cost for eccentric 

contractions are low and the contraction more efficient, while the magnitude of the force is high 

(Lindstedt et al. 2001; Lauer et al. 2009). It is discussed how the nervous system activate the 

muscles during eccentric contraction. It is postulated 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).    
















































































































































































































































