
Options for Animals - UK Programme Unit Assessments and Assignments 

 

Assignment  

Musculoskeletal Health of the Canine 

Penelope Bellis  
MCHIRO, MMCA, IVCA, BVCA, 
Doctor of Chiropractic



The Musculoskeletal Health of the Canine for the Working Trials agility scale jump 

Introduction 

1. There is often discussion, within the Kennel Club Working Trials Community about the 

health issues associated with training and competing for the agility section, especially 

the use of a six foot high scale jump.  The dog is required to scale up and land on the 

other side.  Take a position prescribed by the handler and then return over the jump at 

the handler’s command.  The concern is about risks to dogs, in landing on the ground 

from a six foot height.  (Kennel Club I Regulations)



2. This assignment examines pathology in dogs, associated with jumping and impact on 

landing.  It will look at the histology of healthy tissues involved and their regenerating 

factors, before examining relevant pathologies of the forelimbs in context of the scale 

jump; where impact concussion may predispose injury.  It will look at two hind limb 

pathologies common in agility dogs (Kerr 2014); and consider the neck and lumbar 

spine which have been associated with agility injuries  (Cullen et al 2013b).  It will ex-

amine relevant research and incorporate the condition of fragmented coronoid process 

of ulna, as this has strong correlations with landing from jumps or drop down  

(Boettcher et al 2009).  The pathologies discussed within this document are not ex-

haustive, but are based on the findings of Levy et al and other literature discussed 

herein and in “Study into the use of the scale jump in the Kennel Club (UK) sport of 

Working Trials” in this series.  Finally there will be reflection on how the information can 

be best used in clinical practice for the benefit of animal chiropractic patients. 

3. This paper is preparatory for, and should be read in conjunction with “Study into the 

use of the scale jump in the Kennel Club (UK) sport of Working Trials”  (Bellis Assign-

ment)

Conformation 

4. Dogs naturally jump well, better than horses, as many jump twice their height.  Their 

limb angulation and muscular legs give power.  The spine is highly flexible giving lift, 

and toes in contact with the ground improve proprioception.  Some breeds and individ-

uals are more athletic than others.  (Zink Daniels p2-3) 

5. The lower the dogs weight (llbs) in relation to height (inches) the easier that jumping 

will be, and less than 2.5 times is ideal.  Jumping a dog that is over 4 times weight to 



height is dangerous.  Smaller, lighter dogs have less impact on landing and thus have 

an advantage.  It is also advantageous to the jumping dog to have longer legs with 

high elbows, making the centre of gravity higher; and a shorter back so that the fore-

hand is more easily lifted. (Zink Carr p11) 

6. The front legs need to be very strong as they take concussion on landing and may ab-

sorb this into an ongoing canter.  The forelimbs are integral to the central structure of 

the dog at the shoulders, as part of the thoracic sling, joined only through muscular soft 

tissue.  The forearm is therefore flexible and absorbs concussion well.   It is important 

the scapula is well angulated against the humerus, 30 degrees ideal.  This angle helps 

to absorb the concussion from landing.  The scapula and humerus should be of similar 

length.  Below the elbow to the carpus should be vertical.  (Zink Carr p10-19)    The 

metacarpals should not exceed approximately 22 degrees. (Lanting)  No reference has 

been found to metacarpal angle ideal in the jumping dog, but when landing on a single 

leg, the metacarpals become horizontal with the dew claw engaged.  The foot should 

be arched to facilitate a range of movement to absorb force (Zink Daniels p17). 

The Healthy Dog  

7. Injuries to the soft tissues typical in fun agility dogs are due to speed as well as jump-

ing. The main injuries found related to the shoulder, biceps, supraspinatus tendinopa-

thy and medial shoulder syndrome; also hind limb pathology, such as iliopsoas strain 

and cranial cruciate insufficiency.  Shoulder and back injury are common (Zink Carr p6; 

Levy et al 2009; Cullen et al 2013).  Kerr et all 2014 described cuts and scrapes or 

muscle or tendon strains as the most common injuries.  Levy et al finds collies are over 

represented amongst the injured, even accounting for commonality.   Steiss (2002) 



says that German Shepherd Dogs are particularly susceptible to muscle strain due to 

angulation extremes.

Histology of the Healthy dog 

8. Structures within the dog need to adapt to forces both from within the body, especially 

the musculoskeletal system, and from outside.  Forces from outside the body include 

ground reaction forces from impact such as running and jumping (Bliss p43-68). 

9. The Musculoskeletal system comprises dense connective tissue of collagen and 

elastin, fibrillar and non fibrillar proteins, lipids and polysaccarides.   Whilst there are 

few cells, they include appropriate stem cells for tissue specific repair, regeneration 

and adaptation, for example, tenocytes, chondrocytes.  The distribution and composi-

tion of this extracellular matrix, with the specific mesenchymal cells, distinguishes the 

diversity of bone, cartiledge, synovium, tendons and ligaments (Bliss p43-68).  

10. Where these tissues become mechanically stressed, they respond in either physiologic 

adaptation; or in pathology depending on the condition of the tissues or severity of the 

stress.  Mild inflammation stimulates anabolic cellular response for tissue regeneration.  

(Bliss p43-68) 

11. Mechanotransduction is the method by which physiological adaptation changes the 

makeup of the extracellular matrix according to need (Frost p176).  This could result in 

changes to the size and strength of leg muscle;  tensile strength to tendons and liga-

ments; resistance to deformation in hyaline cartilage; greater elasticity and durability 

into joint capsules and tendons.  Whilst there is regeneration for all tissues, the re-



paired muscle and bone is far superior to that in tendon, ligament and cartilage.  

Where severe, chronic or repeated injury takes place, tissues can become fibrotic, 

rather than functional, leaving a sustained impression of muscle bulk to mislead the 

handler  (Bliss p43-68).  

12. The anisotropic qualities of all musculoskeletal tissues mean that whilst they can be 

very strong in one direction, they can be a great deal weaker at a different angle.  An 

example is that long bones will have a very large strength against compression from 

the distal to the proximal length of the bone; however, if the force is coming to the side 

of the bone the strength is a fraction of it.  Likewise, where ligaments repair. the neat 

parallel fibres of the ligaments which give them their great strength, rearrange chaoti-

cally, with loss of integrity.  These anisotropic lines of strength are directly created by 

the lines of stress through physiologic reaction and adaptation described above (Bliss 

p38).  In this way, bone responds well to weight bearing stress, laying down more tis-

sue, but this quickly reverses where rest periods are taken (Ruff, Holt et al 2006). 

13. Joint congruity is helped by the articular cartilage. This has a quality of ‘deformability’ in 

mediating the impact of one bone against another.  So this improves joint stability and 

congruity, and reduces stress on the joint.  Collagen in the extracellular matrix of carti-

lage is very resilient but does not repair.  Vascular perfusion for cartilage is poor, and 

overloading the joint causes death of the finite quota of chondrocytes, so any regener-

ation is generally poor.  Injuries can therefore permanently reduce performance of the 

cartilage, as chronic injury (Bliss p61-64).  



14. Viscoelasticity means that the fully extended length of a tissue is less resilient than in a 

more contracted position.  Many agility soft tissue injuries are thus caused through ec-

centric loading of force against a jump or the ground (Bliss p51; Zink Carr p232). 

Pathologies of the forelimbs 

15. Areas of lameness should not be viewed in isolation.  A pathology in one area may 

show more pronounced signs and symptoms at other places in the kinetic chain. El-

bows and shoulder injuries are often comorbid (Canapp et al p294; Hennemann Zink 

p527) Lameness may start in a thoracic limb, and through compensations, may set up 

secondary lameness in the opposite hind limb.  Lameness is often hidden by high drive 

dogs  (Hennemann Zink p530). 

16.  Diagnosis of lameness is a task for the veterinary surgeon (Options for Animals 2018). 

Shoulder Injuries 

17. Where stresses of landing from agility equipment are sufficient to overwhelm a dog’s 

physiologic adaptations, pathologies occur. 

18. Shoulder injuries are common in the agility dog such as subscapularis, supraspinatus 

and biceps tendinopathies and infraspinatus myopathy.  Where one muscle breaks 

down, another is put under stress.  From this, several shoulder pathologies can be af-

fected together, known as medial shoulder syndrome.  These are often repetitive strain 

type injuries and may cause chronic recurring lameness.  Biceps tendinopathy is asso-

ciated with eccentric muscle contraction, which may be caused by hitting the ground 

on landing, the jump on climbing; as well as quick turns in fun agility or running down-



hill, braking or controlled lowering of weight.  Overstretching, overuse and misplaced 

footing is often involved, especially where the dog misjudges the jump or surface  

(Canapp et al p294-304; Marcillin-Lille et al 2007). 

19. Repeated injuries are often slow to heal with fibres not aligned into their optimum form, 

or replaced with fibrosis (Canapp et al p297).  Biceps tendinopathy can be confused 

with medial coronoid pathology, described in paragraphs 28-40 (Canapp et al p312).  

Carpal injuries 

20. Carpal injuries are uncommon since the ligaments are highly elastic and stable.  How-

ever, they are serious, and difficult to diagnose.  They occur mainly due to hyperexten-

sion strains and sprains, which can occur from twisting on landing from a drop down 

(Kapatkin et al 2012).  The extensor tendons of the forelimb may be damaged by a 

drop down injury (Zink Carr p7; Canapp et al p318).  Such strains and sprains may be 

comorbid with subluxation of the carpal bones; or avulsion, compression or shear frac-

tures within the joint.   Valgus and varus injuries involving the collateral ligaments are 

much more common than caudocranial overextension.  Carpal and metacarpal injuries 

can be chronic, as well as acute, due to repetitive strain, but in those cases lameness 

can be subtle (Canapp et al p318) 

  

21. Some severe strains or sprains, and torn ligaments, will leave the joint unstable.  

These joints are poorly perfused, and will achieve only moderate improvement after a 

year; or even permanent instablility (Canapp et al p318-323).   Zink Carr (p7) states 

that both hyperextension and hyperflexion injuries are common in the German Shep-

herd Dog.  



22. It can be said that carpal and metacarpal extension on landing in the healthy dog can 

be exceptional (Zink Daniels p23; Robertson Mead p90). 

Metacarpal Injuries  /  Sesamoid problems. 

23. Metacarpal bones are commonly fractured along their length, in the middle or distal 

aspects.   Sesamoids, however, can fracture or crumble; and are associated with vas-

cular compromise or osteoarthritis.  Aetiology of sesamoid disease is not clear but may 

include trauma (Canapp et al p324). 

Injuries to the phalanges 

24. The phalanges are more easily injured than the carpals, and the causes are often ob-

scure.  Like the carpals this can include fractures, desmoses injury, and displacement 

of bones.  Like the carpals, injuries can be both an acute single event or a response to 

general overwork.  Acute injuries are often from misplaced footing, slipping, and envi-

ronmental obstructions (Canapp et al p326). 

Elbow Dysplasia in Dogs 

25. Elbow dysplasia is a common developmental condition in dogs and affects the bone 

quality.  The elbow joint comprises the condyles of the humerus as they interact with 

the proximal ulnar bone.  The proximal ulna has the anconeal process at the caudal 

part of the bone, in which the humeral condyles sit, and on the other side of the 

humeral condyles, at the cranial side of the ulnar, is the coronoid process, which is a 

lateral and medial bulge.  The radial head sits close to the medial coronoid process of 

ulna, sandwiching the coronoid process between the radial head and humeral 

condyles.  It is thought the causes of this condition are genetic (mainly with heavy 

breeds of dog), by nutrition and by the congruency or otherwise of the bones and other 



parts within the elbow joint.  The elbow dysplasia conditions can all be co morbid 

(Canapp et al p308). 

Osteochondrosis  

26. Osteochondrosis is a condition where the growth plate fails to ossify.  Muscle strength 

can cause the growth plate to tear off (Osteochondrosis desiccans).   Like other forms 

of familial elbow dysplasia in dogs, this condition affects heavy breeds.  This can be 

caused by trauma as well as resulting from nutrition and growth.  The most common 

site is the distal medial condyle of humerus.  (Canapp et al p314; Trostel et al 2002) 

Ununited Anconeal Process  (UAP)  

27.  In small dogs the anconeal process is fused at birth, but in larger dogs it is an epiphy-

ses.  It should fuse at 20 weeks in the healthy larger dog, but sometimes fails to unite, 

causing pain and discomfort when weight bearing or on palpation (Canapp et al p308). 

Fragmented Medial Coronoid Process  (FMCP) 

28. This common condition is generally considered developmental and is the most com-

mon of the elbow dysplasia conditions.  Like UAP it is considered genetic, and the list 

of susceptible breeds described in Trostell et al (2003a) (2003b) and Temwichitr et al 

(2010) are heavy draught type dogs and include labrador retrievers.   There is high 

comorbidity with osteochondrosis (Canapp et al p309).  

29. Flaws in the formation of trabecular bone are found in this condition.  Histological ex-

amination has shown that under 12 months, affected dogs have sub trochlear sclero-

sis, that is to say, in the bowl of the proximal ulnar under the humeral condyles.  Many 



have a displaced fragment.  At 12 months, in affected dogs, the cranial edge of the 

medial coronoid process of ulnar loses delineation.  In dogs over 12 months, this has 

progressed to osteonecrosis and chondromalacia.  Although the articular cartilage is 

affected, the primary site is the subchondral bone which at the central medial coronoid 

process becomes fragmented and soft.    Osteonecrosis of the coronoid process 

spreads into the bone marrow and is thought to cause the sub trochlear sclerosis.  This 

osteonecrosis could explain the flawed trabecular bone.  (Theyse 2014).  The sub-

chondral bone softening is caused by accumulated micro fractures, due to repetitive 

stress, where the tissues are unable to adapt (Burr et al 1998). 

30. The congruence or otherwise of the radius and ulna is believed to precipitate this con-

dition.  Since the radius and ulna growth plates close at slightly different ages any in-

terference with this, such as early neutering, may affect congruence (Canapp et al 310;  

Zink Carr p20; Salmeri et al 1991; Hart et al 2014).  The bicipital tendon within the 

joint, if tight, may increase rotational stress on the medial coronoid process against the 

radius and exacerbate the condition (Fitzpatrick Yeadon 2009; Theyse 2014). 

31. Bouttcher et al (2009) describes mechanical overloading due to joint incongruence as 

the fundamental cause of this condition; with fatigue micro damage evident before the 

hyaline cartilage is damaged.  He describes the cause as “Chronic supra physiologic 

loading of the medial compartment in dysplastic elbows.” 

32. This study further describes the joint’s anatomical scope for incongruence as the 

“trochlear notch in the ulnar with the humeral condyle”.  However the more problematic 

cause is a “positive step forming at the level of transition of the ulnar and radial joint 



surface.”   The radius is often shorter than in the healthy dog, putting uneven patholog-

ical pressure on the medial coronoid process of ulnar and the humeral trochlear, so 

wearing into a step defect.   

Traumatic Fragmented Medial Coronoid Process  

33. This condition is very similar to the condition described above but may have no familial 

history.  It occurs in competition and working dogs and can be any age, size or breed 

(Canapp et al p311).   

34. Traumatic Fragmented Coronoid Process of the ulna (TFCP) is caused by traumatic 

impact to the elbows through the foreleg rather than familial developmental reasons. 

The Traumatic form, whilst similar in appearance and histology, is considered a distinct 

condition from the developmental form (Tan et al 2016), although perhaps in practice, 

the individual cause may be less distinct.  

35. Whether caused developmentally or through trauma the bi-lipped cephalic process of 

the proximal ulna is cracked and broken up to various degrees under its hyaline carti-

lage cap.  Disease follows the exact path of that of familial FMCP.  The juxtaposition of 

ulna, condyles of humerus, and the radial head together with the biceps brachii tendon 

is finely balanced in the elbow joint, and any incongruities may exacerbate crushing 

from concussion (Punke et al 2009)  (Danielson et al 2006)  Husle et al 2010).  

Amongst these pressures, the pennate biceps brachi brings oblique forces whereby 

the coronoid of ulna may be rotated against the radial head (Hulse et al 2010). 



36. There are clear indications in TFCP for microdamage and fatigue loading by repetitive 

injury  (Boettcher et al 2009).  However acute injury can occur from a single jump down 

incident (Canapp et al p312). 

37. The condition may be subtle to start with and get progressively worse.  It is usually uni-

lateral.  Rest and NSAIDS do not resolve the lameness.  It is easily confused with bi-

ceps tendinopathy (Canapp et al p312). 

38. Burton et al (2013) examined canine cadaver limbs loaded distal to proximal with 33%, 

66% and 100% of the dogs bodyweight.  With increased lateral load the weight was 

concentrated into the medial part of the joint only and vice versa.  The humero-radio-

ulnar joint congruency was affected involving pronation of the radius, the authors con-

sider this to be fundamental in ulnar coronoid process disease. 

39. Whatever the aetiology of this condition, arthritic sequelae seems inevitable without 

treatment (Canapp et al p309-313) (See osteoarthritis). 

40. This condition is associated to the extended limb impact on landing, as it is sometimes 

called ‘Jump Down Syndrome’ (Canapp Kirkby p240 1st Ed). 

Osteoarthritis 

41. The conditions described above have a continuum with Osteoarthritis.  Osteoarthritis 

affects the articular cartilage, but this often reflects the condition of the synovium and 

subchondral bone damage preceding it (Bliss p65).   



42. Chronic chondral damage results from overuse or traumatic injury, and also from in-

congruence of structures such as those discussed above in the elbow joint, or at least 

when those joints are loaded (Bliss p65) (Conconi et al (2014). 

43. Histologically, the cartilage breaks down with chondrocytes destroyed reducing scope 

for  repair.  The extracellular matrix breaks down in the cartilage, and proteoglycans for 

repair are lost.  The tissues break down together, and can progressively take less and 

less activity.  Eventually the subchondral bone is exposed.  The quality of subchondral 

bone affects the robustness of the hyaline cartilage.  Diseases such as FMCP will 

weaken the cartilage matrix even under light conditions.  Loss of cartilage further dam-

ages the congruency of the articulating bones.  This can cause remodelling, and scle-

rosis, hence a cycle of degeneration.  This is exacerbated by elements of the extracel-

lular matrix interacting with the synovium in a catabolic way.  This will be seen as pro-

gressive joint stiffness and reduced range of motion (Bliss p65, Canapp et al 

p308-312)

The effect of Repetitive Strain. 

44. Competition overtraining or repetition of an exercise or pattern of movements is likely 

to cause injury to a dog, particularly unnatural movements.  Such activities could be 

sudden stopping and changes in direction (Henneman Zink p539). It is likely to cause 

damage to the muscular skeletal system, both bone and soft tissues.  This needs time 

to heal and / or adapt before resuming the problem activity.  If this is not adequately 

completed, the body will degenerate with bony adaptations to soft tissue and injury to 

the axial and peripheral joints.  Where bone is damaged with micro fractures caused 

by repetitive strain, the healing process causes the bone to be weaker in the resorption 



process in order for it to remodel.  Increased age makes healing even harder.   Micro 

fractures increase where bone softens by 15% (Burr et all 1997).

45. Working dogs are particularly susceptible to damage from repetitive stress, throughout 

the musculoskeletal axial and peripheral skeleton (Henneman Zink p534). 

Pathologies of the hind limbs common in agility dogs. 

Iliopsoas strain 

46. This is a stretch injury, and may be chronic overuse due to fatigue or poor fitness.  It 

could be caused by eccentric contraction or sudden aversion into abduction at the hip 

as might occur when slipping, or with a jump down injury.   It can sometimes merge 

with sartorius strain and be caused by knocking jumps with the back legs.  (Lotsikas et 

al p354-355).  The psoas muscle is a lumbar stabiliser, and injury will compromise the 

stability of the spine.  See paragraph 49. 

Cranial Cruciate Ligament Insufficiency 

47. The cranial cruciate ligament holds the femur against the tibia, preventing forward 

translation, internal rotation and hyperextension.  It can be ruptured by hyperextension 

and internal rotation.  It is often affected by anatomical incongruence, ageing and is 

common in heavy breeds.  (Lotsikas et al p370)  Damage might occur in leaving a hind 

leg behind when descending from a scale jump. 

Pathology of the Spine 

48. Cullen et al (2013b) states that many agility dogs are injured in the back and neck sec-

ondary to the shoulders.  Levy et al (2009) indicates this as soft tissue injury.  Concern 



is also raised by Birch, Carter et al that extreme neck flexion and lumbar extension is 

found in large jumps. However, rather than a single joint, the neck comprises of seven 

bones, and so it is not a single joint which is put under stress in flexion.  The cervical 

bones are suspended by the nuchal ligament from the axis to a cantilever on the first 

thoracic vertebra.  The lower cervicals are not thought to be important in support of the 

head but in very wide range of motion.  There are numerous muscles in the neck which 

can be injured either intrinsic core muscles or for extrinsic movement (Steinberg 

Coates p425). 

  

49. In the thoracolumbar spine, large breed dogs, though not small ones, have developed 

facet joints with such range of motion that they are almost ball and socket joints.  This 

is considered a significant evolutional advantage, accommodating greater forces.  The 

elasticity of ‘bow-and-string’ is reduced, however and there is reduction in spinal stabili-

ty as lower lumbars are important for stabilisation.  Intervertebral disc herniation is not 

common in the canine lumbar spine, normally the thoracic is affected (Breit 2002).  

Stability of the spine and discs may be affected by injury to the psoas muscle, such as 

pulls and strains.  Even micro injury to this muscle may affect the firing pattern of 

neighbouring stabilising muscles.  (J. Fossey) 

50. Spinal fractures or dislocations can occur in the adult healthy dog as a result of slip-

ping or falling whilst running fast or by falling onto agility equipment.    Paraspinal mus-

cles are vulnerable to injury mostly at the thoracolumbar and lumbosacral junctions 

(Steinberg Coates p438).  



Summary and Reflections for the Animal Chiropractor 

51. Dogs are vulnerable to injuries which may be caused or partly caused by jumping and 

dropping down from height.  This may be a single incident or chronic injury from life-

style.  There are also dangers from slipping and accidents.  Speed, combining actions 

and high repetitions exacerbate these dangers. 

52. Animals have evolved with great innate resources for strengthening tissues exactly to 

the extent that are required for the work that they are doing.  Time, care, commitment 

and consistency allows the physiological processes to work safely.  There are oppor-

tunities to plan a long and injury free career, with a healthy retirement for many work-

ing trials dogs of many breeds.  The chiropractor can play a lifelong role in keeping the 

dog is at optimum health, improving function and mobility.  New focus and understand-

ing is brought to specific adjustments on underlying structures.  

53. There may be a value in imaging to assess the condition of the elbow alongside jump 

training, but certainly to thoughtful palpation. 

54. This study has improved knowledge of serious forelimb injuries for clinical use.   The 

chiropractor treating working trials dogs better understands the relationship between 

jumping and those pathologies, and how they may affect the structural weaknesses of 

a particular dog or breed, and to recognise those weaknesses.



55.  Working trials jumps are each addressed by the dog and handler as a single obstacle.  

Unlike fun agility, there is little turning or speed; and few combination forces, such as 

running at speed together with jumping. There is opportunity for the handler to repli-

cate the set up for the jump consistently, and the dog and handler can keep their brain 

calmly on the job in hand.  There is less repetitive work, such as jumping multiple 

jumps in courses.  Instead working trials jumps are solitary stand alone with the oppor-

tunity for measured set ups, even so far as pacing the approach out before each jump.  

The one element which does not meet this description is the requirement for the dog, 

after a short wait, to turn after landing to complete the scale from the opposite direc-

tion. Care should be taken that the dog does not mix landing from the jump with turn-

ing, or indeed, turning with rejumping. 

  

56. The dog must not jump too often and have adequate rests to regenerate tissues. 

57. The handler is able to manage the small area of jump environment to reduce accidents 

such as slipping; and ensure that the dog jumps limited repetitions, to a minimum con-

sistent with good health and maintenance of fitness; and to have adequate resting be-

tween jumping sessions to cope with large concussive forces.

58. The handler can improve their chances of selecting a suitable dog for agility through 

breed and conformation. 

59. Clients, as working trials competitors should be encouraged to consult and develop a 

collaborative relationship with professional canine therapists, nutritionists and rehabili-

tation specialists to ensure that their dogs are assessed as suitable and then well pre-



pared throughout their puppyhood, adolescence, and working life to cope with the 

Working Trials jumps. 

60. To summarise, for the chiropractor providing wellness care, this study has helped with 

fitness and conformation evaluation, with detailed understanding of structures of the 

foreleg, to be alert to signs of discomfort or injury, and to provide adjustments as re-

quired, particularly where congruence of the elbow and forearm structures are con-

cerned.  There is opportunities for chiropractic adjustments and mobilisations to min-

imise the effects of jumping.

61. This study has caused the author to consider further rehabilitation training to learn how 

to further protect dogs from biomechanical forces in agility.

3933 words 
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