Epidemiology of Musculoskeletal Injuries in Standardbred
Racehorses on Prince Edward Island

A Thesis
Submitted to the Graduate Faculty
In Partial Fulfilment of the Requirements
For the Degree of
Master of Science
in the department of Health Management
Faculty of Veterinary Medicine
University of Prince Edward Island

Jamye Rouette
Charlottetown, P.E.I
March 2020

© 2020, Rouette

i

THESIS/DISSERTATION NON-EXCLUSIVE LICENSE
Family Name: Rouette

Given Name, Middle Name (if applicable): Jamye

Full Name of University: University of Prince Edward Island
Faculty, Department, School: Faculty of Veterinary Medicine, Department of Health Management, University of
Prince Edward Island
Degree for which thesis/dissertation was presented:
Date Degree Awarded: May 7th 2020
Master of Science
Thesis/dissertation Title: Epidemiology of Musculoskeletal Injuries in Standardbred Racehorses on PEI
Date of Birth.

In consideration of my University making my thesis/dissertation available to interested persons, I,
Jamye Rouette
hereby grant a non-exclusive, for the full term of copyright protection, license to my University,
The university of Prince Edward Island:
(a) to archive, preserve, produce, reproduce, publish, communicate, convert into any format, and to
make available in print or online by telecommunication to the public for non-commercial purposes;
(b) to sub-license to Library and Archives Canada any of the acts mentioned in paragraph (a).
I undertake to submit my thesis/dissertation, through my University, to Library and Archives
Canada. Any abstract submitted with the thesis/dissertation will be considered to form part of
the thesis/dissertation.
I represent that my thesis/dissertation is my original work, does not infringe any rights of others,
including privacy rights, and that I have the right to make the grant conferred by this nonexclusive license.
If third party copyrighted material was included in my thesis/dissertation for which, under the terms
of the Copyright Act, written permission from the copyright owners is required I have obtained such
permission from the copyright owners to do the acts mentioned in paragraph (a) above for the full
term of copyright protection
I retain copyright ownership and moral rights in my thesis/dissertation, and may deal with the
copyright in my thesis/dissertation, in any way consistent with rights granted by me to my
University in this non-exclusive license.
I further promise to inform any person to whom I may hereafter assign or license my copyright in my
thesis/dissertation of the rights granted by me to my University in this non-exclusive license.

Signature
Jamye Rouette

Date
April 6th 2020

ii

University of Prince Edward Island
Faculty of Veterinary Medicine
Charlottetown

CERTIFICATION OF THESIS WORK

We, the undersigned, certify that Jamye Rouette, candidate for the degree of
Master of Science has presented her thesis with the following title
Epidemiology of Musculoskeletal Injuries in Standardbred Racehorses on PEI
that the thesis is acceptable in form and content, and that a satisfactory knowledge of the
field covered by the thesis was demonstrated by the candidate through an oral
examination held on March 25th 2020.

Examiners
Dr. Tammy Muirhead
Dr. Shawn McKenna
Dr. Kathleen MacMillan
Dr. Michael Cockram
Dr. Krishna Thakur

iii

ABSTRACT
Musculoskeletal injuries are an important contributor to poor performance and wastage
in Standardbred horses used in harness racing and a source of pain and discomfort. The
purpose of the study was to determine associations between risk factors and
musculoskeletal injuries. A longitudinal epidemiological study of musculoskeletal
injuries in a population of Standardbred racehorses on PEI was designed. A total of 10
trainers were recruited and their horses were followed over one year from May 2017 to
May 2018.

Monthly information was collected from 153 Standardbred horses during the
study period. On average, each horse was followed for 4.4 months. Most of the horses
(85%) included in the study were between two and four years of age, and there were 73
females, 66 geldings and 12 males (intact) in the study population. Horses were in good
body condition, 98% of horses scored between 4 and 6 for Body Condition Score (BCS)
out of a 1-9 scale.

Forty-five injury events were recorded over a total of 799 visits. This included
new injuries, horses that were still classified as injured and repeated injuries recorded
during each visit (visit prevalence=5.6%). The incidence rate of injury was 2.19 per
horse-month at risk. Seventeen new injuries occurred in pacers (none in trotters) over the
12-month study period, representing a horse level incidence risk of 23%. Forty-one
percent of injuries occurred during a race, with 53% occurring during training and 6%

iv

during jogging. Fourteen horses had experienced a previous injury prior to enrolment
and three of these horses experienced a new injury during the study period.

Generalized Estimating Equations (GEE) models were built to investigate
associations of horse, track and trainer factors with the probability of injury. An
exchangeable correlation structure was used to account for the repeated measurements
on each horse. Unconditional associations between selected variables and the outcome
were completed to screen for potential associations. Due to the low sample size and the
low number of injuries recorded during the study period, only predictors that had an
unconditional association with a p-value ≤0.2 were included in the results and
discussion.

The 17 new injuries consisted of seven bone, eight soft tissue, and two cases of
synovitis that occurred while the horses were in training or racing. There were mild to
severe injuries for bone and soft tissue injuries, and one mild and one severe joint injury.
The severe injuries included pastern and sesamoid fractures, damage to the suspensory
ligament, and injury to the middle carpal joint. Horses with mild to moderate injuries
had between three and 90 days off from training. Horses with more severe injuries
required up to eight months to recover or left the study.

Significant risk factors identified included: speed at which the horse is trained,
previous injury, and conformational faults of offset knees and pelvic asymmetry. The
observed number of injuries was much lower than expected therefore the study might
have a lack of power to detect significant associations. However, the main risk factors
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identified provide useful information for improving and guiding management practices.
The training time has the potential to be modified to minimize the risk of injury.
Training at times greater than 2:15 min/mile was associated with a risk of injury.
Therefore, modifying training, perhaps introducing a better balance of slow and fast
training may help to reduce the risk of injury. Previous studies have detected that
increased speed in training was a significant risk factor for injury. The results from this
study provide new information for trainers and owners and can be used to improve
management practices. As the present study was completed in one province with a small
study population, further studies are required to continue to identify risk factors for
injury in Standardbred racehorses
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1 INTRODUCTION
1.1 Purpose of study
Musculoskeletal injuries (MSI) are the leading contributor to poor performance and loss
of horses from sports, followed by respiratory and cardiovascular medical problems (1).
Musculoskeletal injuries are primarily responsible for lost training, fewer racing days,
and contributes to younger horses not racing at the age of two (2). The pain and
discomfort resulting from injury raise welfare concerns for horses involved in sport,
particularly, horseracing (2). A study on Australian Standardbred racehorses found that
horses that have their first race start at two or three years of age would on average retire
at five years of age (3). Horses in non-racing disciplines, such as competitive show
jumping have a longer career; starting at ages five or six and retiring at approximately 16
years of age (4).

To maximize performance, sport horses require a regular exercise regime to
develop coordinated musculoskeletal, respiratory and cardiovascular systems. The risk
factors for injuries to the musculoskeletal system are often a combination of factors,
including track conditions and poor conformation; however, the risk factors are
commonly exercise-related, occurring either during training or racing (3). Despite
training and racing being well known risks, it is unlikely that horse racing will be
terminated. Horse racing is a large industry that contributes greatly to the economy (5).
Twenty-two countries in North America, Europe and Australasia participate in
Standardbred harness racing (4). In 2010, there were a total of 1936 Standardbred racing
and 500 Thoroughbred racing dates in Canada (5).

1

There has been limited research on the risk factors for MSI in Standardbred
racehorses during training and racing. Many studies have investigated Thoroughbred flat
racing, which has a considerably higher rate of catastrophic and non-catastrophic
injuries compared to harness racing (1). Catastrophic injuries seen in Thoroughbred
racehorses in California occur at a rate of 1.8 injuries per 1000 starts (6). One study in
Standardbreds reported that the average mortality rate was 0.631 per 1000 starts, in
addition, of the 975 deaths seen in Standardbred racing in Ontario (from 2003-2015),
MSI accounted for 36% of the cases (7). However, the incidence of non-catastrophic
injuries is much higher at a rate 36.8 per 1000 starts in Thoroughbred racing (6).
Similarly, in Standardbreds non-catastrophic injuries also occur more frequently than
catastrophic ones (6). Sport horses in general experience some form of MSI during their
careers (1). A 20% prevalence of MSI is observed in the sport of horse racing, including:
flat, harness, and steeplechase. Injury causes delays in training, fewer race dates and
produces further implications for the horse's health and welfare (8).

Musculoskeletal injuries are common in soft tissues, bones and joints of the
distal limb; these injuries are often exercise-related and can occur when the horse is
traveling at high speeds, creating high impacts on their limbs (2). Injuries can occur if
the horse is not adapting appropriately to training intensity, where the musculoskeletal
system becomes maladapted resulting in poor performance (9,10). Risk factors for MSI
in racehorses include age, gender, conformation, Body Condition Score (BCS), trainer
including training and racing schedule, and environmental-related factors such as track
conditions (11). While anecdotal and clinical evidence suggests that the major risk
factors for these injuries in Standardbred horse racing are likely to be exercise-related,
2

the relative importance of these and other risk factors require systematic study in
Standardbreds.

The present study investigated risk factors for MSI in Standardbred racehorses
on Prince Edward Island (PEI). The results from the study provide new information for
the racing community in PEI and beyond. Through identifying the risk factors that
strongly contribute to the likelihood of injury, there is potential for those risk factors to
be managed to ultimately decrease the risk of injury of MSI (1). Trainers, using this new
information, can modify their training and racing schedules, consider shoeing
modifications, and select a horse with improved conformation. It is anticipated that
appropriate changes and a better understanding of identified risk factors would minimize
the risk of injury. This would result in an overall reduced frequency and severity of
equine MSI.

1.2 Objectives of study
The hypothesis of this study is that there are several environmental, horse, and trainer
related risk factors for injury in Standardbred racehorses on PEI. The study aimed to
determine the incidence and prevalence of MSI in a population of Standardbred
racehorses and the risk factors associated with their occurrence. The number of horses
withdrawn from training and racing due to MSI was determined and the total time horses
spent injured before returning to training was also recorded.
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2 LITERATURE REVIEW
The majority of research that has investigated MSI in racehorses has primarily examined
injuries in Thoroughbreds, likely due to the higher rate of catastrophic injuries compared
to Standardbred racing. A five-year review of catastrophic injuries in Thoroughbred
racehorses in the United States and Canada found an incidence rate of 1.9 fatal injuries
per 1000 race starts (8). A similar study in Ontario found that 67 of the 113 deaths
observed in Thoroughbreds were due to catastrophic musculoskeletal injuries during
racing or training, contributing to the incidence rate of 2.36 deaths per 1000 starts over
two years (10,12). As they are different disciplines of racing, Thoroughbred studies
along with other equestrian sports cannot be directly extrapolated to Standardbred
harness racing (1). In harness racing, the horse has the added weight of pulling a sulky
with a driver around the track and competes at a two-beat gait whether pacing or
trotting. In Thoroughbred or Quarter Horse racing, the horse is carrying a rider and
running at a full gallop and/or jumping over obstacles. There are various racing
distances and different track surfaces associated with racing sports. However, studies on
flat racing and other forms of racing can provide some useful insight on injuries to the
musculoskeletal system experienced by racehorses, and any risk factors (2). An
overview of Standardbred harness racing and training, horse-related factors, and current
research and literature are described to provide an introduction to the investigation of
musculoskeletal injuries, their potential associated risk factors and the impacts on
welfare.
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2.1 Standardbred racing in Canada
2.1.1 Overview of industry
Harness racing was officially introduced in the early 19th century (13). Currently,
harness racing is a very popular sport practiced worldwide. In Canada, there are 31 parimutuel racetracks system where the wagers are pooled together and shared with the
winners (7,16). The province of Ontario has 15 racetracks, which is the greatest
number of tracks in Canada. There are approximately 27,310 horse races annually,
22,194 races are Standardbred harness races, representing 81% of the total races, 4539
are Thoroughbred and 577 are Quarter Horse. Standardbred Canada is the official
organization responsible for horse registries and racing information and statistics. PEI
harness racing contributes to 5% of all the aforementioned races in Canada (5).

Horseracing has significant economic importance, as it generates substantial
revenue. This is accomplished through: wagering, racing, purses, selling merchandise,
buying and selling horses. In Canada, the horse racing industry generates a total of 28.4
million (CAD) in Goods and Services Tax (GST) revenue, with an economic
contribution of 5.7 billion dollars towards the Canadian economy. There are
considerable costs associated with racing, including the general costs to stabling,
training, and racing a horse. Three point one billion dollars of expenses are paid
annually to maintain the needs of the horses in racing, in addition to supporting a total of
47, 000 full-time jobs (5).
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2.1.2 Standardbred horses
The Standardbred breed was primarily derived from Thoroughbreds, owning its lineage
to a Thoroughbred stallion by the name of Messenger and his great-grandsire
Hambletonian (13). However, other breeds contributed to the Standardbred genetic line,
such as Hackneys and Morgans (13). The modern Standardbred has a more streamlined
body shape, with higher withers, longer legs and more muscled bodies, compared to
Standardbreds from previous decades (13,15). In order for a stallion to be eligible to
enter the Trotting Registry the horse must be able to trot a mile in 2 minutes and 30
seconds or 2 minutes and 35 seconds if hitched to a cart. This time was called "the
standard” and was how this new breed was given the name “Standardbred” in 1879 (9).
There are two gaits in harness racing, a trot and a pace, the pace being the faster of the
two gaits. Trotting is a diagonal gait, while pacing is a bilaterally symmetrical gait,
which is unnatural but is naturally inherent in Standardbreds (2).
2.1.3 Training and racing
Horses usually inherit the gait of their sire or dam and often begin training at
approximately 18 months to 2 years of age. Training the horse until its first race can take
up to 9 months. The training process with ground-breaking using a line drive, the long
reins are used to guide a horse and teach the horse how to interpret what the driver is
asking through the reins to the horse’s bit. The yearling is then taken onto the track and
jogged using a heavier cart in comparison to the lightweight sulky used for racing. At
the beginning stages of their training, yearlings are jogged in a clockwise direction (i.e.
the opposite direction from racing) six times a week and they jog a half to 2 miles per
day. Through the next several weeks the horses begin jogging greater distances in both
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directions on the track, and their speed is increased. As the race season approaches,
horses are jogged a four to five times a week and complete a fast training mile (i.e.
training at a set time) one or two days per week. Throughout racing many horses will
continue their fast training schedule while others will only jog between races (9,15).

Regular exercise is essential for horses to prepare for the competitive
expectations of a racehorse. Research suggests that the earlier the horse is introduced to
training and racing the more likely it is that they will have a successful career (16).
Proper training schedules and regular exercise are key factors to training the horse's
musculoskeletal system to adapt to high loads experienced from high-intensity training
and racing (2). Good training techniques decrease fatigue during racing, improve
stamina, speed and their ability to increase speed (2,16). The length of a horse’s career is
often dependant on the net profit of the horse (17).

Trainers select and manage their horse's training schedule to maximize profit and
create a well-performing racehorse with a successful career (9,15). This can be
accomplished by proper pre-training and training schedules. Training a horse involves
building their stamina and speed. In order to achieve those qualities, the horses have to
be trained to improve and develop strong respiratory, cardiovascular and
musculoskeletal systems in a coordinated effort (3, 6). These three systems are key to
maximizing performance. Improving the capacity of the heart, lungs and muscles to
respond and adapt to exercise and training stress, allows the horse to maximize athletic
potential and meet desired expectations. Many aspects come into consideration when
training and racing a horse. This includes the horse's ability and history, i.e., previous
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training, racing success, injury and the available facilities, i.e., racetrack or training
center, and home track (9,15).

The racing schedule depends on each individual horse and their discipline.
Standardbreds race more frequently per month than Thoroughbreds (15,18). The
number of races completed per month varies, depending on their age, ability,
performance and season. Horses generally compete at their respective gait and ideally
complete one mile in less than two minutes (15,18). However, the track speed rating
varies on track size, resulting in some tracks have slower or faster race times (15,18).
The length of the track determines how many times the horses must go around it. Both
pari-mutuel racetracks on PEI, Redshores at Charlottetown and Summerside are a halfmile in distance, requiring the horses to race around the track twice, negotiating four
turns. One-mile tracks only require horses to negotiate two turns. The tracks are
considered "all weather", meaning that the track surface is maintained so that horses can
train and race throughout a variety of environmental conditions (3).

2.2 Musculoskeletal injuries (MSI)
The musculoskeletal system is comprised of soft tissues, bones, muscles and joints that
serve to move and support the body. Musculoskeletal injuries are the primary cause of
loss of horses and training days in horse racing. Most MSI in Standardbreds are noncatastrophic and occur at a lower incidence than racing Thoroughbreds, who experience
more catastrophic and non-catastrophic in juries (1).
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Although the development of the musculoskeletal system is an essential part of
training and good performance during racing, over or undertraining a horse could
predispose the horse to injury (2). Damage to any part of the musculoskeletal system can
have minor to devastating impact on the horse. The type and severity of the injury will
determine the necessary treatment required for the horse. Many minor injuries can heal
with time and rest, allowing a horse to return to racing successfully. More severe injuries
can force horses to retire, used for riding or even be euthanized (19).

In racehorses, MSI are more common in the forelimbs (8). Hindlimb lameness
does occur at a lower frequency, though it is more likely to be experienced in
Standardbreds than Thoroughbred horses due to the draught loading the of cart on the
hind end (8). In Standardbreds, 55% of lameness events occur in the forelimb, with 45%
being hindlimb lameness events (14). In consideration of their respective two-beat gaits,
the Standardbreds’ weight is more evenly distributed as two feet are on the ground at the
same time. Whereas a Thoroughbred at a full gallop has a four-beat gait with a single
foot on the ground supporting the weight, thereby putting more pressure on that one leg
(9). In addition to being a more evenly distributed gait, Standardbreds have less
rotational movement of their joints, which can contribute to them being less likely to
experience overload injuries as opposed to Thoroughbreds (13).

Musculoskeletal injuries are the highest contributor to poor performance in
racing. There is great interest and concern focusing on injuries to the distal part of the
limb. In an epidemiological study on musculoskeletal injuries of Standardbred
racehorses in training, 93% of the 356 trotters in the study population sustained a total of
9

429 injuries due to training or racing. The injuries more commonly experienced were to
the suspensory ligament and to the superficial digital flexor tendon (SDFT), accounting
for 38.3% of all MSI in the study (1). An additional study investigating lameness events
found that 26% of horses had at least a single lameness event during the five-month
study period, with 45% of those issues pertaining to the carpal or fetlock joints (20). In
a study on post-mortem findings on various racehorses in Ontario, including
Standardbreds, Thoroughbreds and Quarter Horses, musculoskeletal injuries associated
with training and racing were responsible for 68% of horse deaths or euthanasia. Limb
fractures were the most common MSI, accounting for 39% of all horses in this study.
The long pastern bone (proximal phalanx; P1) fractures were the most frequent type of
injury for Standardbreds in racing, and 56% of all limb fractures in Standardbreds were
at P1 (21).

Data collected in Thoroughbred racehorses in the United Kingdom showed that,
the occurrence of injury to the limb is 3.07 injury events for every 1000 starts. Of all the
limb injuries, injury to bones had the highest incidence, which resulted in 77.2% of
euthanasias. The majority of severe injury events were to the distal limb. Strains to the
joint were common, occurring in 45.3% of horses, primarily in the fetlock and carpal
joints. It was also found that the SDFT and suspensory ligament were the most
commonly injured soft tissues (22).
2.2.1 Soft tissue
Soft tissues include tendons, ligaments and muscles. They all provide key support,
stability and connection within the body that ultimately allows for movement (23).
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Ligaments attach bone to bone and provide stability to joints. Tendons attach muscles to
bones, if a muscle spans a joint it will allow for flexion or extension. The suspensory
ligament functions to suspend the metacarpophalangeal and metatarsophalangeal joints
while the horse is in movement. The accessory ligaments assist the Deep Digital Flexor
Tendon (DDFT) with shock absorption and also help to prevent the flexor tendon from
extending too far. Sesamoidean ligaments function to resist hyperextension of the
metacarpophalangeal and metatarsophalangeal joints during weight-bearing (24). The
SDFT and DDFT are both flexor tendons that bend the limb backwards; they flex the
carpal, the metacarpophalangeal, metatarsophalangeal, and the proximal and distal
interphalangeal joints. Both tendons support these joints during the weight-bearing phase
(25, 26).
Muscles allow for movement, provides support and stabilization of joints and
posture. There are three types of muscles present in the body: smooth, skeletal, and
cardiac. Smooth muscle is an involuntary muscle, which can be found in the digestive
tract. Cardiac muscle is specific muscle within the heart. Skeletal muscle allows for
voluntary movement of the body. Skeletal muscles have an origin, a point of the muscle
that does not move while the muscle contracts, an insertion, the end of a muscle that
does move, and passes over a joint. These types of muscles work in pairs to allow
contraction, one flexes the joint and the other extends it. The agonist contracting muscles
and the antagonist relaxing muscles, this allows to proper movement of the horse. The
type of movement observed includes flexion or bending of limb, extension or
straightening of limb, adduction or moving limb towards body, abduction or moving
limb away from the body, and rotation of the head and neck. Skeletal muscles can adapt
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during training, allowing for greater strength, size and coordination, allowing the horse
to compete well (26,27) .

Soft tissue injuries cause strain to the tissues, which creates additional
inflammation and could decrease the density of collagen fibres. Injuries to ligaments
include: suspensory desmitis, inferior check desmitis, accessory check desmitis, and the
sesamoidean ligament desmitis. Injuries to the tendons include superficial digital flexor
tendonitis and deep digital flexor tendon tendonitis (DDFT). Injuries observed in the
muscles include rhabdomyolysis (tying up), fibrotic myopathy and muscle fatigue
(15,27). Injury to any of these structures can be mild to severe. Reoccurring injuries,
which may occur due to the already damaged tissue, can be a source of pain and
dysfunction of the limb. Acute tendon injuries are recognizable by heat, swelling and
pain at the site of injury. Rupture to one of the tendons, may be devastating as it can
potentially cause damage to the surrounding soft tissue. Additionally, soft tissue injuries
can often be associated with a fracture of a bone. Haemorrhaging and nerve damage can
also occur to the surrounding tissue of a fractured bone, this can create further instability
in the limb. The bone may heal over time, but injured soft tissues may cause chronic
pain (24,25,26).

In UK Thoroughbred racehorses, 46% of injuries experienced were damage to
tendons and ligaments, mostly occurring during training. The most common location for
injury was the SDFT, collectively responsible for 89% of tendon and ligament injuries
(28). In the UK, a common reason for the horse to retire earlier than anticipated is due
to a soft tissue injury (12,15). In a study completed in Italy, suspensory ligament
12

desmitis, inflammation of the suspensory ligament, was the most common injury found
(21%) amongst the 429 injured horses (1). Suspensory ligament desmitis is frequently
caused by accumulated damage as opposed to one initial event (13,29). Suspensory
ligament desmitis can be a career limiting or in more serious scenarios, a career-ending
injury (13). Seven percent of racehorses experience SDFT tendonitis (injury to the
SDFT) in either one or both forelimbs. Injury to the SDFT is more likely to cause the
horse to have a poorer and limited future career of racing in comparison to other types of
soft tissue injuries in Standardbreds (30).

Typically, injuries to the muscles are often not diagnosed, as it can be very
challenging to do so. Though the common muscle related injuries observed include
exertional rhabdomyolysis (tying up), fibrotic myopathy and muscle fatigue. Tying up is
a syndrome of muscle fatigue, pain, or cramping associated with muscle necrosis as a
result of exercise. Horses often present with hindlimb lameness and stiffness after
exercise. A study on Thoroughbred racehorses found that 8% of the 6037 horses were
diagnosed with this syndrome during medical examinations at training centres (66).
Fibrotic myopathy is the result with scar tissue in the hamstring muscles
(semitendinosus, semimembranosus, and gracilis) causing restricted movement where
the legs cannot fully extend forward. Muscle fatigue is when the horse is unable to keep
up with the demands of training and racing and this can be due to overtraining (26).
2.2.2 Bone
The skeletal system allows protection to internal organs, support, movement and
provides attachment for muscles, ligaments and tendons. Horses have a single digit at
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the distal aspect of the limb that is susceptible to injury as it bears the weight of the
entire body. The forelimbs carry approximately 58% of the weight and the hindlimbs
carry approximately 42%. The bones of the digit include: the distal phalanx (P3, coffin
bone), middle phalanx (P2, short pastern), proximal phalanx (P1, long pastern), and the
proximal and distal sesamoid bones. The bones of the proximal forelimb include:
metacarpal 3, metacarpal 2 and 4 (splint bones), carpus, radius, ulna, humerus and
scapula. The bones of the proximal hindlimb include: the metatarsus, tarsus, tibia, fibula,
and femur (25,30).

The primary injury that occurs to bone is a fracture; although other types of
injury to the bones also occur such as inflammation and abnormal bony remodelling.
Sesamoiditis (inflammation of the sesamoid bones) and maladaptive syndrome, where
bones do not respond appropriately to training stress are also present in racehorses (31).

A fracture is the breaking of a bone. Fractures can be classified differently
depending on their type and severity. A simple fracture is a single fractured line.
Comminuted fractures are multiple fracture lines. Incomplete occurs when the fracture is
only on one side of the bone. Complete fracture causes the bone to split into two pieces.
Non-displaced occurs when the fractured piece of bone is not distracted form the bone.
A displaced fracture occurs when the fragment becomes distracted from the bone. An
open fracture occurs when the broken bone penetrates the skin and a closed fracture does
not penetrate the skin. Stress fractures are smaller incomplete fractures (32).
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In Standardbred racing, fractures to the P1 were the most common type of
fracture recorded, whereas Thoroughbred racehorses experience most fractures to the
third metacarpal bone (21). Fractures in the distal bone can be severe and very painful.
They often require surgical repair, which entails a long time to heal and surrounding
tissues and joints damage. In Thoroughbred racing, 80% of the fractures that occur result
in euthanasia (12). In UK flat racing, 63% of the fatalities were caused by fractures (33).
In a study looking at the post mortem findings in Ontario racehorses from 2003-2015, of
the 224 racing and training related deaths in Standardbred racehorses, 110 bone injuries
resulted in euthanasia (21).

2.2.3 Joint
Joints are the region of articulation of bones. Joints of the forelimb include:
humeroscapular (shoulder) located between the scapula and the humerus, elbow between
the humerus and the fused radius and ulna, carpus (antebrachiocarpal, middle and
carpometacarpal) between the radius and metacarpus, metacarpophalangeal (fetlock)
between the metacarpus and P1, proximal interphalangeal (pastern) between P1 and P2,
and distal interphalangeal joint (coffin) between P2 and P3. Joints of the hindlimb
include: coxofemoral (hip) between the pelvis and femur, femorotibial (stifle) between
the femur and tibia, femoropatellar between the femur and patella, four tarsal or hock
joints (tibiotarsal, proximal intertarsal, distal intertarsal and tarsometatarsal) between the
tibia and the metatarsus, metatarsophalangeal (fetlock) between the metatarsus and P1,
proximal interphalangeal (pastern) between P1 and P2, and distal interphalangeal joint
(coffin) between P2 and P3 (25,30). Joint injuries occur when there is a sprain or strain
to the joint, when the joint experiences overloading or hyperextension. Joint pain is
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common in racehorses, often requiring joint injections with medications, corrective
shoeing and hoof trimming in order to allow horses to train and race comfortably (34).
Injury to the fetlock, carpus and coffin are the most common areas for joint injury in
racehorses, primarily due to high speeds, tight turns and overextension during training
and racing (35).

A study on young Standardbred racehorses found that 56% of forelimb injuries
were carpal injuries, and middle carpal joint lameness was present in 28% of the horses
in training (36). Middle carpal joint lameness is more common in pacers, developing in
30% in the first 12-18 months of training (36). As horses race in a counter clockwise
direction, the medial aspect of the right forelimb experiences more force along the turns,
predisposing the middle carpal joint to injury (34). The study also identified that the
third metacarpal bone was more likely to experience overloading due to hyperextension
during the last quarter mile of a race (36). In a study on Danish trotters, 40% of the
injuries that occurred were metacarpophalangeal joint injuries (13,20). The
metacarpophalangeal joint is a primary location for injury for forelimb lameness. In
Thoroughbred racehorses, metacarpal and metatarsal injuries were the most frequently
observed of the joint injuries experienced. These particular injuries contribute to 6.3% of
total loss training days for Thoroughbred racehorses (37).

2.3 Potential Risk Factors for Injuries
2.3.1 Training and Racing
Training and racing a horse successfully is the ultimate goal for those involved in
harness racing. The racing season on PEI is limited, running from late April to January.
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Horses that were racing are not training from late February to March, while yearlings are
continuing with jogging and training. Injury occurrence is usually greater during the
racing season (38). Potential risk factors to investigate include: trainer, training
schedule, racing schedule, track location and conditions and equipment.

The influence of trainers is a primary factor to be considered when determining
the risks for injury as each trainer may have a different approach. Trainers prepare the
horse for racing and are the key decision makers in that horse's career. Frequently
trainers are also the driver for the horse they train. Trainers prescribe the appropriate
training schedule for each horse. Training allows for the enhancement the horse's
physical fitness. The horse in training encounters more stimuli than they are accustomed
to in their everyday life. Training presents high stress on the musculoskeletal system,
allowing the horse to adapt to higher intensity training. This results in the horse being
able to compete in good form (13).

Training factors to be considered include number of days training for both
jogging and fast training, number of days off per week, track at which the horse is
training, speed of fast training (total number of minutes to complete one mile, units are
min/mile), is the horse trained between races and is the horse jogged the day before a
race. Racing intensity, defined as the number of times a horse races per month, and their
speed during races can also be considered risks for injury (15).

Training tracks for jogging and conditioning is a potential risk factor for injury.
Tracks can have different track surfaces and distances. The surface and condition of a
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track can vary in condition depending on the weather, season and location. Different
tracks will have different types of footing and degree of banking on turns. Records of
track conditions for jogging and training are not taken, though racing conditions are
recorded. When track conditions are poor, trainers often postpone fast training until the
track conditions improve adjusting their schedule as necessary. Horses often train at one
location but race at various tracks. As the quality of each track will vary, identifying the
different locations at which injuries occur may help to indicate if there is an association.

Horses wear different equipment depending on their gait. Trotters sometimes
wear half hobbles and most pacers wear full hobbles. Full hobbles are straps that connect
the front and hind leg on the same side, they help to prevent a break in stride while some
horses race at a pacing gain without hobbles (free legged). Many horses also wear
protective leg boots during training and/or racing. Some of the equipment that the horse
wears can help prevent injury, though hobbles may cause some skin soreness and hair
loss due to rubbing. To date the relationships between use of equipment and incidence of
injury have not been thoroughly investigated (15).

Injury to the musculoskeletal system can be correlated with high-speed exercise
(26,38). A study on high-intensity exercise on health in Standardbred racehorses found
that those with a reduced high-speed training regime (shorter distances) had fewer lost
days due to medical issues and still had good training and racing performance, in
comparison to those that were trained at higher intensity (39). Reasons for days lost to
training were due to training overload, causing issues with the horse's locomotion,
suggesting that the horse may not be adapting to training well (39). In Standardbreds, the
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likelihood of injury was greater during the months when a horse was training and racing
more frequently (40). A study on Thoroughbred racehorses found that high-speed
training and traveling at high speeds for longer distances is related to the risk of noncatastrophic injuries (41). A similar study found that Thoroughbreds who had higher
amounts of training workouts and racing starts were more likely to experience a fracture
per race start (42).

In Standardbred racehorses in New Zealand, racing was responsible for 17% of
MSI, with training contributing to 46% of experienced MSI (40). A study on clinical
abnormalities in poorly performing Standardbreds, 73.3% of the recorded lameness
events were in the forelimbs. Lameness in the left forelimb was 43.3% and 30% in the
right forelimb (43).

Firm track conditions increase the risk of injury to tendons in both Standardbred
and Thoroughbred racehorses (44). A New Zealand study found that the horses who
were fast trained on tracks with no banking were 4.6 times more likely to experience an
injury compared to horses who train at tracks which had adequate banking (40). A study
on Standardbred trotters found that there was more strain on the horse's distal limb on
tracks with no banking and less strain and more even transitions between the turns on
tracks with banking (2).

An additional study on MSI in UK Thoroughbreds at three different training
facilities found the injury incidence at each facility was different and the types of injury
were different. Amongst their findings, they concluded that one track experienced a
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higher prevalence of P1 fractures, two out of three of the tracks had a higher occurrence
of SDFT injuries, and it was also found that the two-year-old horses had fewer cases of
injury in one track compared to the others. Though these findings are in different
circumstances, it further emphasizes the need to identify tracks and training facilities
(38).
2.3.2 Horse Characteristics
Certain characteristics of the horse could potentially put a horse at a greater risk for
injury. Characteristics to be considered include age, gender, gait, BCS, and
conformation. The characteristics of the horse cannot always be altered to reduce risk.
However, a horse with correct conformation could be selected as a potential racehorse
compared to a horse with poor conformation.

Age could be considered a risk factor. Older horses, ≥ 4 years old may have
experienced previous injuries. Years of racing could result in an accumulation of micro
damage, putting them at a higher risk than younger horses (12). A study on New Zealand
Standardbred racehorses found that older horses, ≥ 5 years of age were 3.9 times more
likely to sustain a musculoskeletal injury than 2-year-old horses (40). Age at which the
horse starts their training could impact the horse's racing career. It has been suggested
that horses who start at the age of 2 years have a longer and more successful career, as
opposed to horses starting at a later age (43).

The sex of the horse could be a potential risk factor for MSI. A stallion is a fully
intact male, a gelding is a castrated male, and a mare is a female horse. To date there is
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limited literature and research investigating sex. Previous studies, on Thoroughbreds
found that stallions and geldings are more likely to experience injury in comparison to
females (42). However, a study on Standardbreds found that females and geldings had
more injuries than stallions, though this was not statistically significant (40). The results
provide different outcomes; giving an additional reason to complete a more in-depth
analysis to identify whether there is a strong relationship between sex and injury.

One study revealed that gait does play a role in injury risk. Pacers train and race
at higher speeds than trotters, completing races approximately 3.5 seconds faster. With
pacing or trotting interference injuries occur. An interference injury occurs when the
hoof of one leg hits another leg. These injuries can be managed using proper shoeing,
boots, and other protective equipment (13). There is little literature on injury occurrence
and gait type.

Body Condition Scoring is an objective system for evaluating a horse’s level of
body condition, which estimates the amount of stored fat. This system assigns a numeric
score to facilitate comparisons on a scale of 1 to 9. A horse with a low BCS is
considered thin and possibly emaciated while horse with a high score is considered
overweight or obese. In Canada, the Code of Practice for the Care and Handling of
Equines recommends that horses should score between 4-6 out of 9, depending on the
breed, age, and what the horse is being used for (19). Racehorses are often expected to
be in good body condition between a score of 4-6, as they are exercised frequently. A
leaner horse is more likely to perform better in races as it requires less work to move
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their body (45,46). Horses will lose and gain weight throughout the year, depending on
their training schedule and racing season.

Conformation can be described as the shape and structure of the horse's body. It
can determine how the horse moves and often serves as a sign of the horse's athletic
abilities (47,48). Conformation is a heritable trait and often determines if the horse is
purchased or selected for breeding. Depending on the abnormal conformation, issues can
predispose to future injuries (47). A 0-3 scoring method is used to determine the horse's
conformation rating where 0 is baseline normal conformation, with 1-3 indicating an
increase in the severity or increased deviation from normal (49). Some conformational
faults have been associated with injury. However, there is a need for more complete
information on which conformational faults make a horse more susceptible to a
particular injury or a decrease in performance (47,50). Conformational faults to the
carpus such as offset knees where the cannon bone is not centered directly under the
carpus, and back at knee where there is carpal hyperextension caused by the caudal
displacement of the proximal row of carpal bones, can predispose a horse to an injury at
that location. Poor conformation of the pastern resulting in an upright positioning
(pastern hoof axis) can affect the SDFT (47,48). Lateral deviation of the limb (toed out)
causes an external rotation of the distal limb and gait abnormalities (34,47). Toed out in
the hindlimbs is observed in 50% of all Standardbred horses (34,47). Medial deviation of
the limb (toed in horses) may experience more carpal joint lameness or injury to the
suspensory ligament, due to the uneven distribution of their weight (34). Whereas a
tibiotarsal angle of 53° or less (sickle hock) causes joint pain in the hock and contributes
to soft tissue issues in hind legs (47).
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A horse’s hoof can wear down, crack or be damaged and shoeing aids in
prevention of damage to the hoof. There are many types of shoes available for horses;
however the appropriate shoe must be placed on the horse for both comfort and
performance. The farrier usually selects the best type of shoe for the horse's needs in
consultation with the trainer. There are 13 types of shoes most commonly used in racing,
with steel and aluminum swedge shoes being the most common. Some horses require
additional support and protection, which can be provided in the form of corks, degree
pads, and flip-flops. Corks are used to alter the horse’s gait and to help the horse gain
more traction on the track in the winter months. Angled degree pads ranging from 1-3°
are placed between the sole of the hoof and the shoe, providing some cushioning while
increasing the angle of the hoof. Flip-flops are sometimes used in horses who display
knee soreness or foot pain. Flip-flops are full pads with the front part of a shoe (51).
The farrier, in consultation with the trainer, selects the shoes and helps to shape the hoof,
thereby making shoes a potential risk factor for injuries. The frequency of the horse
being shod needs to be taken into account as this gives information on how quickly they
wear out their shoes and how frequently they need to have their hooves reshod. This is
also dictated by shoe composition as aluminum shoes wear down faster than steel (51).

Previous injuries could put the horse at a higher risk of injury, whether it would
be a repeated injury or a new one. The severity and trauma caused by the previous injury
could play a role in future injury occurrence.
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2.4 Relationships between injuries, pain and welfare
Horses are incredible athletes, being very diverse in their abilities and competing in
several sports. The public perception of Standardbred Harness racing is better than that
of Thoroughbred racing as there are fewer catastrophic injuries in harness racing that
requires the horse to be euthanized (52). However, the constant occurrence of injuries
does pose a concern from veterinarians, trainers, owners, and spectators for the horse's
welfare. Sport horses compete at high levels and like any athlete in their respective
sport, are predisposed to injuries. However, human athletes are aware of and understand
the risks of injury and are capable of managing their own schedules to minimize the risk
of injury. Horses are unaware of the associated dangers and risks of injury with the sport
and this poses an ethical issue. It is important to recognize and understand that
equestrian sports can be extremely dangerous if the horse is not managed correctly. The
horse’s health and wellbeing is the responsibility of their owners and trainers. There is
no perfect formula to follow to minimize the loss of horses in the racing industry while
maximizing the horse’s health and performance without an injury occurring (16).
Trainers may be unknowingly putting their horses at risk by allowing exposure to risk
factors for injury.

Injuries are associated with pain, an unpleasant sensory and emotional
experience making the occurrence of musculoskeletal injuries a welfare issue (53).
Those in the care of animals should aim to manage any pain experienced to minimize
suffering. Regardless of discipline, the performance of the horse can be enhanced
through training. Those individuals responsible for the horse, should try to provide a life
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which allows the horse to do their job while minimizing the risks created by their job
and evidence of pain and discomfort (54).

There is an important relationship between injuries, pain and welfare that can be
identified. Some types of injuries can lead to further complications and there elongate
the time spent experiencing pain. When the horse is experiencing pain it is usually
associated with a visible change such as lameness and changes in behaviour (55).

Injuries are common in sports and cause economic loss for trainers and owners.
This situation can lead to owners being less likely to keep the horse due to inability to
perform. This decrease in performance coupled with the costs associated with injury
recovery can contribute to the overall loss of horses from racing (33). Injury prevention
can be accomplished by acknowledging risk factors and finding a way to modify or
manage them to reduce injury incidence. This can be surveyed in other future studies
(41). Though it is impossible to eliminate the occurrence of injuries, there is potential to
reduce the number of injuries that are experienced.

High fatality rates as seen in other equestrian sports may not have a large
incidence in harness racing. However, injuries still create a health and welfare issue as
MSI are often experienced and contribute to loss of horses in racing. There are
justifiable reasons to encourage studies to identify risk factors associated with
Standardbred harness racing, especially those that can be modified by the racing
community (27, 55). It is useful to have knowledge of the frequency and causes of MSI.
Evermore importantly to properly manage the causes of these injuries to reduce the
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frequency of injuries and minimize the pain experienced, thereby improving the health
and welfare of horses.

3 METHODS
3.1 Study design – Number of horses required
A longitudinal epidemiological study of musculoskeletal injuries in a population of
Standardbred racehorses on PEI was designed. A total of 10 trainers were recruited.
Horses were followed during their training and racing over a one-year period from May
2017 to May 2018.

Each horse was enrolled either at the start of the observations at a trainer’s
facility or when a trainer brought a new horse into the stable during the study period.
Each horse and trainer received a unique identification number that was generated using
statistical software. Information about each horse was obtained during a monthly visit to
determine if a horse was jogging, training, or injured. An individual visit was defined as
a data collection date for an individual horse. Trainers were interviewed every month
during the study period using a questionnaire. Monthly visits were conducted to capture
information about basic horse information including, the horse's shoeing, training and
racing regimes, musculoskeletal injuries that were reported to have occurred during the
previous 30 days prior to the visit, and lost training and jogging days (appendix section
1). Follow-up visits were conducted to gain information on any changes to the
aforementioned data collected. A year of data collection was designed to observe
potential influences of the changing conditions during the seasons, racing intensity
changes, and changes in training regimes.
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3.2 Sample size – Number of horses required
A sample size calculation was used to estimate the number of horses required per
exposed group with 10 post-baseline repeated measures to detect a statistically
significant difference (P≤0.05), with a power of 80%, and assuming a 15% difference in
prevalence of injuries between the exposed and non-exposed horses in the course of the
entire study. A correlation of 0.4 was assumed between measurements. The required
sample size was estimated using the following approximation: n = {Z(1-α /2)+Z(1-γ)}2*2* σ
2

/ Δ 2 Where Z(1- α /2) and Z(1- γ ) denote the (1- α/2)* 100% and (1 –γ) * 100%

percentiles of a standard normal distribution (e.g., the 97.5th percentile of a standard
normal distribution is 1.96). σ 2 is the total variance between horses and within
measurements. This calculation was performed using the “lbpower” command in Stata
14 (56). This approximation suggested that a sample size of approximately 200 horses
would be required to detect a difference of 15% prevalence of injuries in exposed and
non-exposed horses. It is important to mention that this formula provides just an
approximation and ignores the effect of confounders and interacting effects. A sample
size below 200 horses may make detecting injuries in this population more difficult.
3.3 Study population - Enrolment
A total of 10 trainers were recruited for the study by voluntary participation. Eight
trainers were enrolled for the entire duration of the project with two additional trainers
enrolled in February. Inclusion criteria for the trainers was having registered
Standardbreds that were jogging, training or racing in PEI. There were no age or sex
restrictions on the recruitment of the horses. The horses were followed monthly, ranging
from one month to twelve months during the study period.
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3.4 Questionnaire
The questionnaire for the first visit consisted of two sections. Section one was a detailed
questionnaire, which collected information about the horse from the trainer. This section
included 27 questions divided into six subsections. Part A included trainer and owner
information, Part B was horse characteristics, including age, sex, BCS, and
conformation, Part C recorded shoeing information, Part D documented training regime,
Part E identified race history, and Part F was a table to record injuries.

Section two was a table to evaluate the horse's conformation. A 4-point scoring
system was used, where 0 was normal, with 1-3 scores allocated to increasing severity as
the conformational fault becomes more pronounced. The scoring system used was
replicated from the scoring method used by S. Love et al. (49) on the evaluation of
conformation in Thoroughbred yearling (appendix section 1). Sixteen types of
conformational faults were identified and conformation was only evaluated once at the
start of the project or when a new horse entered the project.
3.4.1 Standardbred Canada Database Records
Additional information on each horse such as age, gait, and sex were obtained from the
Standardbred Canada Track-It website (57). Horses were identified on the website using
the horse's freeze brand. Additionally, information on the horse’s racing history was
collected from the same record database. This included number of races, placings, and
race times.
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3.4.2 Injury assessment
Exercise-related injuries due to jogging, training or racing which occurred in the
previous 30 days were classified as a new injury event. The injuries of interest were any
that caused damage to the musculoskeletal system (soft tissue, joints, and bones). The
veterinarian and trainer determined if an injury was present and a table was created to
record injuries (appendix section 1). If on multiple visits, the horse was reported as
injured with a previously reported injury, this information was also collected. The table
consisted of 22 anatomical locations on the horse where an injury could occur, and these
were categorized into soft tissue, bone, joint and muscle. The veterinarian who
diagnosed the injury determined the severity (mild, moderate, severe) and type of injury
that occurred, and this information was provided by the trainer. Other information such
as when the injury occurred, time off, the track at which the injury occurred, and the
potential cause of the injury was provided by the trainer. Time off was recorded as the
total number of days the horse was not jogging, training or racing; this did not include
rest time for injuries. The end result of the injured horses post injury was also recorded.
The end result of the horse included: change of owner or trainer, retired, breeding, or
unknown. Horses were classified as end result unknown if the owner and trainer were
unsure about what the next steps were for that particular horse. Radiographs and
ultrasonographic images were also collected if the horse was a patient from the Atlantic
Veterinary College Ambulatory Equine Service.
3.4.3 Body condition score (BCS)
A BCS assessment was completed at visits one, six and twelve. The scoring system
outlined in The Code of Practice for the Care and Handling of Equines was used to
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complete the evaluation. The score was determined based on the signs of fat and muscle
around the shoulders, pelvis and barrel (19). This was often evaluated at the same time
as conformation or at the end of the visit (appendix section 1).
3.5 Data
3.5.1 Risk factors observed/variables
The outcome recorded was injury prevalence, which was recorded as the percentage of
horses that experienced an injury during the entire study period. Injury prevalence
included any new or reoccurring injury reported during data collection. Injury
prevalence was used as the outcome variable instead of injury incidence due to the low
number of new injuries observed, as this would have made analysis difficult to complete.

Several potential risk factors were identified. Horse related variables included
age, sex, gait, and BCS. Age was categorized as 2, 3, and 4 years or older. Sex was
classified as female, gelding or male. The gait of the horse was a binary variable, trotter
or pacer. BCS was also created as a binary variable. Scores of 3-4 were grouped, and
scores of 5-6 were grouped. All conformation faults were evaluated on a 0-3 scoring.
The variables were then grouped into “conformation normal” and “conformational fault
present” (appendix section 2). The categories were grouped on STATA 14.

Types of shoes were grouped for both the fore and hind limbs, as steel shoes and
non-steel (e.g. aluminum). The frequency of being shod was categorized as the horse
was shod less than every four weeks or the horse was shod every four weeks or more.
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Whether the horse was wearing corks was categorized as a binary yes or no outcome.
The farriers were all randomly given an identification number (1-6).

Age when the horse began training was categorized in the same manner as the
age of the horse. Miles jogged per day was grouped into two categories, jogged ≤ 4
miles (6.43 km) or jogged >4 miles per day. Training was a binary variable and
categorized as whether the horse was training or not. The speed used during training had
five categories: 1) not training, 2) training at ≥ 2:30 minutes per mile (10.7 m/s), 3)
training between 2:20-2:29 minutes per mile (10.8-11.5 m/s), 4) training between 2:10219 minutes per mile (11.6-12.5 m/s), and 5) training at ≤ 2:09 minutes per mile (12.6
m/s). The numbers of days off work (i.e. jogging and training) were classified as ≤ 1 day
off and ≥ 2days off. The track where the horse was located and trained was grouped into
three different track locations: 1) Charlottetown, 2) Summerside and 3) home tracks that
classified the multiple tracks into one group.

Racing related variables included how frequently the horse was raced, age of first
race, and equipment (boots, hobbles). The number of times the horse raced in the
previous month was recorded and categorized into whether the horse raced or not. The
age of the horse at first start had four groups: raced at 2 years old, 3 years old, ≥ 4 years
old and not raced yet. Hobbles were grouped as full hobbles, half hobbles, or free
legged. Whether the horse wore boots or not was a binary variable.
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3.5.2 Statistical Analysis
The outcome for the model used for analysis was whether a horse was recorded as
injured or not injured during a visit. The number of individual visits was calculated as
the number of times each establishment was visited multiplied by the number of horses
that were examined at each visit. The total time that a horse was recorded as injured was
calculated as the sum of the number visits during the study period that the horse was still
injured. Horse-months at risk was the sum of the number of horses examined that were
either jogging, training and/or racing each month during the 12-month study period and
was used to calculate the incidence rate. Injuries included new injuries, injuries that
persisted for a period (each month seen with that injury counted), or reoccurring injury
events (i.e., a horse that was injured returned to training, and experienced the same
injury a few months later).
3.5.3 Descriptive Statistics
Data was entered into a spreadsheet in Stata14. Variables were checked for errors and
consistency. Descriptive statistics were completed for each variable to check for missing
values and errors. The variables were coded and categorized as necessary for analysis.
Each variable was tabulated with the outcome prior to examination for unconditional
associations. The total number of injuries at a given visit (visit level prevalence) was
used to compute the OR for the possible risk factors experienced by the horses. Injury
prevalence included injuries that a horse may have experienced for several visits,
repeated injuries and new injuries. Incidence risk was approximated by 1-exp(-I*t) (see
equation 4.6 in Veterinary Epidemiology Research 2nd Edition).
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The time at risk was calculated by summing all of the days that the horses were
jogging, training, and/or racing. If a horse was turned out for rest or was not exercising,
then those days were not considered to be days at risk. The time at risk was used to
calculate the incidence rate, and this was determined as the number of injury cases
observed per 100 horses in a month.

General Estimating Equations (GEE) models were built to investigate
associations of horse, track and trainer factors with the probability of an injury. An
exchangeable correlation structure, when the correlation between each visit was
considered equal, was used to account for the repeated measurements on each horse.
Only horses that were jogging, training or racing, were included for analysis as they
were considered to be at risk of injury. Horses that were injured and were “on rest” due
to injury were also included in the analysis to contribute to injury prevalence.
Unconditional associations between selected variables and the outcome were completed
to screen for potential associations. Variables with a p-value of < 0.2 were considered
for a multivariable model. All variables with a p-value ≤ 0.10 were considered for a
final model. Given the low number of injuries observed in the study, two-way
interactions were not considered, and a multivariable model was not fit.
3.6 Ethical approval and funding
The project was approved by the UPEI Animal Care Committee and UPEI Research
Ethics Board. The project was funded by the Sir James Dunn Animal Welfare Centre.
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4 RESULTS
4.1 Data Collection
Questionnaires for the first visit took between 10 minutes and 3 hours to complete,
approximately 10 minutes per individual horse (appendix section 1). Follow up
questionnaires did not ask age, sex, or conformation and took approximately 5-45
minutes to complete (5 min/horse). The number of horses in the study population
changed every visit as horses were either leaving or entering at some point during the
study period (Table 1). Reasons for horses leaving the project included change of owner,
change of trainer, and retirement due to injury or poor performance. Additionally,
several horses were rested for one to three months late fall to early winter for rest before
returning for spring training. Normal routine was continued for horses not on break out
during this time.

Table 1. The number of new injuries recorded over 12 months in Standardbred
racehorses on PEI
Month

Number of
individual visits
n=799 (% of
individual visits)
84 (10.5)
80 (10.0)
69 (8.6)
57 (7.1)
45 (5.6)
58 (7.3)
61 (7.6)
56 (7.0)
68 (8.5)
75 (9.4)
76 (9.5)
70 (8.8)

Visit #

1
2
3
4
5
6
7
8
9
10
11
12

June
July
August
September
October
November
December
January
February
March
April
May
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Number of horses
with new injuries
n=17 (% of horses
with new injury)
3 (17.6)
4 (23.5)
4 (23.5)
0 (0.0)
2 (11.8)
0 (0.0)
0 (0.0)
1 (5.9)
1 (5.9)
0 (0.0)
2 (11.8)
0 (0.0)

4.2 Horse
A total of 799 individual visits were completed for a total of 153 horses during the 12
months, representing on average 67 individual visits on horses per month. There were
between 55 and 84 horses enrolled monthly. In addition, on average each horse was
studied for 4.4 months. The majority of horses were from the Charlottetown racetrack
(n=105) with the remaining horses located either at Summerside (n=11) or at a home
track (n=37) (Table 2). Of the horses included in the study, 72% were 2 year olds; the
remaining were 3 years or older. Forty-eight percent of the horses were female and 86%
were pacers (Table 3). The most common conformational faults observed during the
first visit were: toed out (n=102 horses; 67% of horses), poor pastern hoof axis (n=113;
74%), low heels (n=86; 56%), and offset knees (n=86; 56%) (Table 4). The BCS of 95%
of the horses was between 4-6, with 5% scoring <4 (Table 3). Fourteen (9.15%) horses
had a history of an injury before being enrolled in the project but were not currently
injured.
4.3 Trainer
The 10 recruited trainers were in Summerside (n=1), at a home track (n=1), or at the
Charlottetown track (n=8). Two trainers were only present for the last four months of
data collection and eight were present for the 12 months of data collection. The trainers
had between 1 and 30 horses each month. Seven trainers had horses with injuries, with
two trainers having five injured horses (Table 5).
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Table 2. The number of new injuries recorded over 12 months in Standardbred
racehorses on PEI tracks
Track
Charlottetown
Summerside
Home track

Number of horses
n=153 (%)
105 (68.6)
11 (7.2)
37 (24.2)

Number of horses with
a new injury n=17(%)
11 (64.7)
3 (17.6)
3 (17.6)

Table 3. The number of new injuries recorded for each category of horse characteristics
in Standardbred racehorses on PEI
Horse
characteristic

Age (years)
BCS
Gait
Sex

Category

≤2
3
≥4
3-4
5-6
Pacer
Trotter
Female
Gelding
Male

Number of horses Number of horses
n=153 (% of
with a new injury
horses)
n=17 (% of
horses with a
new injury)
72 (47.0)
8 (47.0)
42 (27.5)
5 (29.4)
39 (25.5)
4 (23.6)
44 (28.8)
5 (29.4)
109 (71.2)
12 (70.6)
131 (85.6)
17 (100.0)
22 (14.4)
0 (0.0)
73 (47.7)
11 (64.7)
66 (43.1)
5 (29.4)
14 (9.2)
1 (5.9)
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Table 4. The number of new injuries recorded for conformation faults in Standardbred
racehorse on PEI
Type of conformation
fault

Category

Number of horses
n=153 (% of
horses)

Toed out

No
Yes

51 (33.3)
102 (66.7)

Number of horses
with a new injury
n=17 (% of horses
with a new injury)
7 (41.2)
10 (58.8)

Back at knee

No
Yes

147 (96.0)
6 (4.0)

16 (94.1)
1 (5.9)

Over at knee

No
Yes

132 (86.3)
21 (13.7)

16 (94.1)
1 (5.9)

Offset knees

No
Yes

67 (43.8)
86 (56.2)

3 (17.6)
13 (76.5)

Camped under up
front

No
Yes

68 (44.4)
85 (55.6)

10 (58.8)
7 (41.2)

Camped out behind

No
Yes

117 (76.5)
36 (23.5)

16 (94.1)
1 (5.9)

Base wide

No
Yes

140 (91.5)
13 (8.5)

16 (94.1)
1 (5.9)

Base narrow

No
Yes

125 (81.7)
28 (18.3)

14 (82.4)
3 (17.6)

Pastern hoof axis

No
Yes

40 (26.1)
113 (73.9)

3 (17.6)
14 (82.4)

Low heel

No
Yes

67 (43.8)
86 (56.2)

7 (41.2)
10 (58.8)

Long toe

No
Yes
No
Yes

80 (52.3)
73 (47.7)
99 (64.7)
55 (35.3)

9 (52.9)
8 (47)
12 (70.6)
5 (29.4)

No
Yes

91 (59.5)
62 (40.5)

8 (47)
9 (52.9)

No
116 (75.8)
Yes
37 (24.2)
* Appendix section 2 describes the conformational faults

11 (64.7)
6 (3.9)

Sickle hock
Cow hocked
Pelvic asymmetry
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Table 5. The number of new injuries recorded for type/anatomical location and trainer
ID over 12 months in Standardbred racehorses on PEI
Trainer ID

Type/Anatomical
location

Number of horses
n=153 (% of horses)

1
2
3

No injury
Sesamoiditis
SL, SDFT,
Undiagnosed Soft
tissue, Maladaptive
Syndrome, P1 Fracture
No injury
SDFT
SDFT, DDFT, Check
ligament, Sesamoid
fracture, MCP
Sesamoid Fracture
SL, Sesamoiditis,
Sesamoiditis
No injury
Middle Carpal Joint

8 (5.2)
9 (5.9)
39 (25.5)

Number of
horses with a
new injury n=17
(% of horses
with a new
injury)
0 (0.0)
1 (5.9)
5 (29.4%)

4 (2.6)
12 (7.8)
17 (11.1)

0 (0.0)
1 (5.9%)
5 (29.4%)

37 (24.2)
17 (11.1)

1 (5.9%)
3 (17.6%)

1 (0.7)
9 (5.9)

0 (0.0)
1 (5.9%)

4
5
6
7
8
9
10

SL: Suspensory Ligament
SDFT: Superficial Digital Flexor Tendon
DDFT: Deep Digital Flexor Tendon
MCP: Metacarpophalangeal joint
P1: Proximal Phalanx
* See literature search for definitions on injury type

4.4 Shoes
The type of shoes worn varied depending on the horse’s individual requirements and
season. Seventy-three percent of horses wore steel full swedge shoes on the fore limbs
and 71.5% wore steel full swedge shoes on the hind limbs during the study period. These
shoes were very common during the winter months, with corks to gain traction on icecovered tracks. Steel half round swedge shoes were also very common, with few horses
wearing aluminum shoes (12.3% forelimb and 2.4% hindlimb). The frequency of being
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shod changed depending on the season. During winter months when the horses were
racing and training less frequently, horses were shod every six to eight weeks. During
the racing and training season, horses were shod more frequently; on average every four
weeks, though some horses were shod every two weeks. Often horses had their front or
hind hooves shod at different times, as a result of varying shoe wear.
4.5 Jogging & training
Horses were jogged 1 to 7 days per week, with most horses jogging 4 days per week.
Horses jogged between 2 to 6 miles per day, and 43% horses jogged 4 miles per day.
Younger horses (18 months of age) who were at the beginning of their training program
began by jogging 2 or 3 miles per day and moved up to ≥ 4 miles per day. Horses that
were training and jogging would often jog 4 miles per day. Horses that had between 1-2
races per month often had faster training miles, training at 2 minutes and 19 seconds
(min/mile) or less (12.3m/s) and jogging more during the week This routine was often
observed in younger horses or at the start of racing season. As the horse progressed
through the racing season they seldom trained between races and usually raced once per
week. The time of training also varied as the horse progressed from early training to
racing speed. Most horses trained at 2:20 min/mile to 2:25 min/mile. Horses training in
preparation for a qualifying race trained at racing speeds, most commonly 2:05 min/mile
or less. Horses received 1-2 days off work each week during pre-training and training.
During the racing season horses that raced had the next day off. Horses that jogged
during the winter months generally had ≥ 2 days off per week, weather dependent.
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4.6 Racing
Ninety-seven horses in the study population raced at least once. The age of first start was
2 years of age for the majority of horses (n=81) in the project, with 72 horses beginning
to race at either 3 or 4 years of age. The reason for a later start was either a previous
injury or the horse did not meet racing expectations. The race season in PEI is from early
May to the end of January, although many horses do not race the entire season. There
are more race dates in the summer and horses race more frequently during this time.
Horses commonly raced three or four times a month, with a minimum of one and a
maximum of 7 races for a single horse during a single month. During the summer
months, some horses may have raced twice in a week. Horses competed at either the
Charlottetown or Summerside racetrack, with some horses also racing in either New
Brunswick or Nova Scotia.
4.7 Musculoskeletal injuries experienced
There were a total of 777 horse months at risk. New injuries were recorded in 45 of the
individual visits, presenting a visit level prevalence of 5.6%. Seventeen horses
experienced new injuries with an estimate incidence risk of 23% for the 153 horses and a
rate of 2.19 cases per horse-month at risk (or 2.19 cases per 100 horses in a month).
Forty-one percent of injuries were racing related, with 53% occurring during training
and 6% during jogging (Table 7). One injury reoccurred 4 months after the horse was
initially injured. Of the 14 horses that were previously injured, 3 of them experienced
new injuries (Table 6).
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Table 6. The number of new injuries recorded for horses with a previous injury over 12
months in Standardbred racehorses on PEI
Previous injury

New injury
No (%)
Yes (%)
122 (89.7)
14 (82.4)
14 (10.3)
3 (17.6)
136
17

No
Yes
Total

Total
136
17
153

Table 7. Exercise routine during the month of injury for the 17 injured Standardbred
racehorses over 12 months on PEI
Location
(no. of
horses)

Type

Days
jogged/wk

Miles
jogged/d

Days
trained
/wk

Min/mile

Injury
during
racing

Races /mth

Soft
Tissue
(n=8)

SDFT**
SL
SL
Undiagnosed
DDFT
SDFT
SDFT**
Check
Ligament
Sesamoiditis
Sesamoiditis
Sesamoiditis
Sesamoid
Fracture
Sesamoid
Fracture
P1 Fracture
Maladaptive
Syndrome
Middle
carpal joint
MCPJ

5
4
4
4
5
5
5
6

4
4
4
3
4
4
4
4

1
1
2
1
-

159
220
218
215
-

Yes
Yes
Yes
No
Yes
No
Yes
No

3
3
3
3
4
-

5
4
5
4

4
4
4
4

1
1
1
1

205
204
219
158

No
Yes
No*
Yes

4
3

5

3.5

1

225

No

-

4
5

3
3

2
1

225
215

No
No*

-

5

5

1

205

No

-

4

5

2

225

No

-

Bone
(n=7)

Joint
(n=2)

*Indicates that the horse had raced previously, though did not experience the injury during a race.
** Indicates that the particular injury was experienced previously for that particular horse.
Table abbreviations: Week=wk ; d=days ; mth=month
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New injuries were only present in pacers and no trotters experienced a new
injury. Injuries of varying severity occurred in soft tissue, bone, and joints (Table 7).
More than half of the injured horses experienced an injury in the left front leg (59%,
Figure 1). Injuries of interest for the purposes of the study were exercise-related,
occurring during jogging, training and/or racing. The time off from training was dictated
by the type and severity of the injury and was between three and 190 days for mild to
moderate injuries (Table 6, Figure 2). More severe injuries such as a proximal phalanx
fracture required an eight-month recovery period and one sesamoid fracture was careerending (Table 7, Table 8).

Table 8. The number and type of new injuries recorded over 12 months in Standardbred
racehorses on PEI
Type

Anatomical
location

Severity

Soft Tissue (n=8)

SDFT
DDFT
SL
Check Ligament
Undiagnosed
Sesamoiditis
Sesamoid Fracture
P1 Fracture
Maladaptive
Syndrome
Middle carpal joint
MCPJ

Mild & Moderate
Moderate
Mild & Severe
Mild
Mild
Mild & Moderate
Severe
Severe
Mild

Number of horses
with a new injury
(n=17)
3
1
2
1
1
3
2
1
1

Severe
Mild

1
1

Bone (n=7)

Joint (n=2)

42

Anatomical location of New Injuries
6%
17.5%
59%

Left forelimb
Right forelimb
Left hindlimb
Both hindlimb

17.5%

Figure 1. Percentage of new injuries at each anatomical site in Standardbred racehorses
on PEI. There were no new injuries that only occurred in the right hind or both front legs

Injury type and severity

Number of horses

4

3
Mild
2

Moderate
Severe

1

0
Soft Tissue

Bone
Type of Injury

Joint

Figure 2. Distribution of the number of horses with new injuries (n=17) by injury type
and severity in a study of Standardbred racehorses on PEI in 2017-2018
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Table 9. The end result of the 17 injured horses based on anatomical location, severity
and time off for Standardbred racehorses on PEI
Types
(no. of
horses)
Soft
Tissue
(n=8)

Bone
(n=7)

Joint
(n=2)

Location

Site

Severity

Time Off
(days)

End Result

SDFT*
SL*
SL
Undiagnosed
SDFT
SDFT*
DDFT*
Check Ligament
Sesamoiditis
Sesamoiditis
Sesamoiditis
Sesamoid
Fracture
Sesamoid
Fracture
P1 Fracture
Maladaptive
Syndrome
Middle carpal
joint
MCPJ

LF
LF
RF
LF
RF
LF
LF
LF
RH, LH
RH, LH
RH, LH
LF

Mild
Severe
Mild
Mild
Moderate
Moderate
Moderate
Mild
Moderate
Mild
Mild
Severe

0
30
20
50
0
0
90
0
37
3
0
7

Train
Breeding/Retired
Train
Unknown
Unknown
Unknown
Race
Jog
Train
Train
Unknown
Retired

LF

Severe

30

Unknown

RH
LF

Severe
Mild

190
92

Train
Train

RF

Severe

0

Unknown

LF

Mild

0

Race

LF: Left front leg
RF: Right front leg
RH: Right Hind leg
LH: Left hind leg
MCPJ: Metacarpophalangeal Joint
Time off: Time spent injured/in recovery from injury (horse was not exercising)
End result: Final result of horse post injury (if recorded)

* Indicates that the injury was experienced by the horse prior to the start of the study. Unknown
indicates that no record was taken of the horse post-injury, likely due to the horse leaving the
training stable or owner was undecided about the next steps for that particular horse.

4.8 Risk factors/associations
There were 11 risk factors that had an unconditional association with new injury
occurrence with a p-value < 0.2. Due to the low sample size and low number of injuries
recorded during the study period only predictors that had an unconditional association
with a p-value ≤ 0.1 were included in the results and discussion.
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Tables 10 through 12 present the odds ratios (ORs) from the unconditional
associations for the risk of new injury. The risk factors of interest included: training and
racing factors, season, previous injury, and conformation. Offset knees had the highest
associated risk, with an OR of 4.80, and pelvic asymmetry had an OR of 2.40. Camped
out behind appeared to reduce the risk of injury, with an OR less than one (0.16). All
categories of jogging were associated with increased odds of new injury, with five
jogging days having the highest odds (OR=2.70). Horse training at times similar or close
to racing times (2:10 min/mile 12.40 m/s) presented the highest risk for injury
(OR=3.90). The risk of new injury was lower in horses that competed in a race
(OR=0.41). Horses from the Summerside track were more likely to have injuries
(OR=2.58) than horses jogging and training at the Charlottetown track. Horses that
experienced an injury prior to the study were more likely to experience another injury
(OR=3.40).

Table 10. Unconditional associations from logistic regression models between
conformational faults and the occurrence of injuries in a population of 153 Standardbred
racehorses on PEI in 2017-2018
Conformation fault

Odd Ratios

P-Value

95 % CI

Offset knees

4.810

0.007

1.625-7.554

Pelvic asymmetry

2.360

0.101

0.846-6.620

Camped out behind
0.160
0.074
* Conformation fault definitions located in appendix section 2
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0.021-1.197

Table 11. Unconditional associations from logistic regression models between exercise
related factors and track location and the occurrence of injury in a population of 153
Standardbred racehorses on PEI in 2017-2018
Exercise-related factors

Category

OR

P-Value

Number of jogging days
per week

3 days or less

-

0.090

4 days

1.910

0.621-5.861

5 days

2.710

0.845-8.849

6 days or more

1.070

0.285-4.047

No

-

Yes

1.730

No

-

Yes

0.410

Not training

-

>2.30 (< 10.8)

0.590

0.261-1.352

2.30-2.25 (10.811.5)
2.24-2.15 (11.612.4)
<2.15 (>12.4)

0.960

0.258-3.603

3.350

1.195-9.432

3.890

1.551-9.778

Charlottetown

-

Summerside

2.580

0.645-10.408

Home track

0.360

0.085-1.500

Is the horse training

Is the horse racing

Speed of training [min.
s/mile] (m/s)

Track Location

95% CI

0.130
0.854-3.506
0.020
0.193-0.873
0.002

0.130

Table 12. Unconditional associations from logistic regression models between season
and the occurrence of injury in a population of 153 Standardbred racehorses on PEI in
2017-2018
Variable

Category

OR

P-Value

Season

Winter

-

0.100

Spring

0.560

0.187-1.684

Summer

2.770

0.653-12.005

Fall

3.190

0.953-10.782
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95% CI

Table 13. Unconditional associations from logistic regression models between previous
injury (experience prior to enrolment in project) and the occurrence of new injuries in a
population of 153 Standardbred racehorses on PEI in 2017-2018

Previous injury

Category

OR

No
Yes

3.290

P-Value

95% CI

0.013
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1.282-8.500

5 DISCUSSION
5.1 Standardbred racing
The hypothesis of the present study was that environmental, horse, and trainer related
factors affect the risk for injury in Standardbred racehorses on Prince Edward Island.
The incidence risk and prevalence of MSI in the population of Standardbred racehorses
studied was 23% and 5.6% respectively. The following risk factors for injury were
identified using unconditional associations with the outcome: number of jogging days
per week, training, conformation, season, and previous injury. Ten of the 17 injured
horses studied had a time period of rest from exercise. Three of the injured horses
stopped training and continued jogging after a few days of rest. Four were classified as
‘unknowns’ as once the injury appeared the horses left the study. The total time horses
in the study spent injured before returning to training was 549 days.

In 2010-2013, a similar study completed in Italy on Standardbred trotters in
training recorded a much higher incidence of MSI (93%) compared to the low incidence
in the present study (1). This higher incidence of injury is likely due to their large
population size (n=356) and their study was conducted over a four-year period. The
relative occurrences and types of injuries were similar in both studies. Injury to the
SDFT was the primary injury for PEI and was the second most observed soft tissue
injury in the Italian study (1). Injury to the Suspensory Ligament only occurred in 1.3%
of the 153 horses in the PEI study and was observed in 21% of the 429 horses in the
Italian study. The Italian study found that racing speed and racing intensity were
significant risk factors for MSI.
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5.2 Questionnaire & Data Collection
An open study population was used as the number of horses changed monthly which
was usually the result of a change in owner and/or trainer. There were four visits when
the monthly study population dropped below 60 horses. These low numbers could have
made it difficult to capture injury incidence.
5.3. Musculoskeletal injuries
A prevalence of 5.6% MSI was observed during the 12-month study period that involved
799 visits (total number of data collections on individual horses). This low prevalence is
in contrast to that reported in the literature, where a prevalence of 20% is often reported
for racing Standardbreds (1). This discrepancy may be due to the small study population
used. The trainers studied may have been experienced and been able to recognize horses
at risk and modify their training and racing schedule before an injury occurred or
became clinically significant. Seventeen new injuries were observed in the 153 horses
studied, and these injuries only occurred in pacers. This may have been due to the larger
portion of pacers in the study population or due to the faster training, racing times or
trainer predisposing pacers to injury.

Eight of the injuries recorded were in soft tissue structures, 7 bone, and 2 in joints.
Only 17 horses (incidence of 23%) experienced new injuries, which was lower than
expected. Of the injuries recorded, the proximal sesamoid bones were commonly
affected. This common injury has been observed in performance horses due to
hyperextension of metacarpophalangeal and metatarsophalangeal joints. The associated
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ligaments, including the suspensory and sesamoidean receive high loads (i.e. the forces
exerted on the ligaments are increased) while the horse is traveling at higher speeds (58).

Seventy-six percent of the 17 injuries occurred in the forelimbs of the horse with
59% of the total injuries to the left forelimb. This result was comparable to the literature;
in one study, lameness in the forelimbs was found in 73% of Standardbred racehorses
that experienced lameness, with approximately 43% occurring in the left forelimb
(59,60).

Damage to soft tissue structures included the suspensory ligament, SDFT, DDFT,
check ligament and one soft tissue injury where the anatomic location of the injury was
not identified. Injury to the SDFT occurred in 4 horses and was the most common soft
tissue injury. Three of these injuries occurred in the left forelimb likely during a race as
a result of increased pressure on the left forelimb when racing in a counter clockwise
direction. Two horses with SDFT injuries had previously injured their SDFT. This preexisting injury may have predisposed the horse to reinjury as a result of repeated strain
on the tissue. Both of these injuries occurred during a race. The third left front leg injury
also occurred during a race. The fourth SDFT injury occurred during training at a rate of
2:15 min/mile (12 m/s) between races. A study on UK Thoroughbred racehorses found
that injury to the SDFT accounted for 89% of soft tissue injuries in Thoroughbreds (28).
This indicates that SDFT injuries are common in both disciplines; however, the
incidence is much lower in Standardbred racehorses, roughly 7% (1, 28).
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Sesamoiditis, inflammation of the sesamoid bones, occurs with strain to the
metacarpophalangeal joint. Sesamoiditis may predispose the bone to fracture if the horse
is training or racing. Three cases of Sesamoiditis were observed, additionally there were
two sesamoid fractures. One horse retired from racing after fracturing a sesamoid bone
during a race. The other fracture occurred in an unraced 3 year old during training at a
moderate speed, of 2:25 min/mile (11.5 m/s), and the horse was rested for 30 days and
left the study to change disciplines. All injuries to the sesamoid bones were associated
with moderate and high-speed exercise. Exercising at higher speeds puts more stress on
the structures, thereby increasing the risk of fractures (59,60).

The horse that experienced a P1 fracture to the right hindlimb that occurred during
training of 2:25 min/mile and was surgically repaired. The recovery period was
approximately eight months before the horse returned to training. In Standardbreds, 56%
of limb fractures occur in the proximal phalanx (43). One proximal phalanx fracture was
observed in the present study, which accounted for 25% of fractures. This may indicate
that the proximal phalanx is susceptible to fast exercise that puts more stress on the
structures, though a more thorough examination of this particular injury would be
required to confirm this (57).

Maladaptive syndrome of the third carpal bone occurred in one horse. Maladaptive
syndrome of the third carpal bone occurs when the bone does adapt appropriately to
training stress, resulting in a fatigue-related injury (61). This horse was given 92 days
rest from jogging and training.
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Twelve percent of injuries were classified as joint injuries. One horse experienced
severe synovitis in the middle carpal joint while training in 2:05 min/mile at which point
the horse left the training facility and the study. The occurrence of joint injuries was
lower than expected based on the 30-40% frequency reported in the literature (16, 24,
26). Early medical intervention with intra-articular joint medications may account for
this. A previous study found that 28% of Standardbred racehorses experienced middle
carpal joint injuries. A similar study found that 40% of horses experienced injury to the
metacarpophalangeal joint. Both types of joint injuries were observed in the PEI study
and were exercise related (36, 16, 24).

The severity of injury can determine if the horse is able to continue to race, as some
injuries are career ending. Several factors contribute to the decision to retire the horse
from racing including: age, health, racing history, recovery time, cost, and likelihood of
successful return to racing. Two horses were retired from racing due to the severity of
their injury, including a sesamoid fracture and a suspensory ligament desmitis. The
horse that experienced damage to the suspensory ligament was a nine-year-old female
pacer that was retired from racing after a 30-day period of rest post injury. The sesamoid
fracture occurred in a three-year-old gelding.

Of the 18 injuries observed, one horse had a reoccurrence of a previous injury during
the study period. Seven months after the initial injury, the horse experienced a
reoccurrence of a DDFT injury during training in 2:30 min/mile. This horse had a rest
for a period of four months as a result of the previous injury. A longer recovery period
could have prevented the reinjury. In PEI the racing season is May through January.
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Horses actively racing commonly have a period of rest from jogging, training and racing
in January through March.
5.4. Risk Factors
5.4.1 Conformation
Conformational faults can cause an unequal distribution of forces in the limbs, which
may predispose a horse to injury when combined, with the physical stress of exercise
during training and racing. Two conformation faults were significantly associated with
the occurrence of injuries (Table 10). Horses with offset knees were 4.81 times more
likely to experience an injury compared to horses with correct conformation. Offset
knees occur when the metacarpus is not centered symmetrically under the carpus (knee).
This misalignment can increase the stress on tendons, ligaments, joints, and bones of the
knee and distal limb, predisposing structures to injury when stressed during training and
racing (62).

The results suggest that horses with pelvic asymmetry were 2.36 times more
likely to experience an injury than those with normal pelvic symmetry. Six of the 43
horses with this conformation fault experienced an injury. Pelvic asymmetry can
contribute to arthritic problems, pelvic fractures or dislocation (63). However, in the
present study, none of the 17 injured horses sustained injuries in the pelvic region.
Asymmetry in the pelvis could place increased strain on one of more limbs causing the
association or it could have occurred by chance due to the low study population and low
injury incidence. Other problems in the musculoskeletal system could highlight the
asymmetry and responsible for the increased risk of injury.
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Although the p-value (0.074) was borderline significant, horses who were
classified with normal conformation were 6.25 times more likely to experience injury
compared to horses whose hindlimbs stand out behind the vertical (camped out behind).
Speculatively, being camped out behind may aid the horse in pulling the load of the cart
and driver, making them less likely to experience injury. Alternatively, this association
may have occurred by chance due to sampling a small portion of the total Standardbred
horse population in PEI, which is reflected in the unconditional p-value.
Misclassification of conformation is also a possibility. Confounding effects by the types
of shoes and frequency of being shod, including the farrier could be present. Horses with
poor conformation may need corrective shoeing and more frequent shoeing due to
excessive shoe wear. Shoeing can be a possible risk for injury as well.
5.4.2 Exercise risk factors
Number of jogging days per week was a risk factor for injury. Increasing the number of
jogging days per week from three to five increased the odds of having an injury. Horses
jogging five days a week, had the highest odds, and were 2.71 times more likely to
experience an injury compared to horses that were jogging three days or less. This value
was higher than the OR of 1.91 for jogging four days a week and the OR of 1.07 for six
days or more. The p-value was not significant (p=0.09), but could suggest that there is a
relationship between jogging days and injury. All of the values gained are from
unconditional associations and may be confounded with other factors not taken into
account, such as the horse’s age, number of training days, and racing.
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Horses that were jogging five days a week may be racing once a week or one
training session followed by a day of rest. This schedule was common in the study
population. This frequent exercise schedule may be the reason for the higher risk of
injury. Horses jogging four days a week were also at risk for injury, this may be
confounded due to training and racing during the week. Horses that are jogging six days
had low odds for injury with an OR of 1.07. These horses were likely not racing or
training, suggesting no impact of jogging six days a week on injury occurrence.

Horses that were in training were 1.73 times more likely to get injured than
horses that were not training (Table 11). This OR value is not large and the p-value was
not significant, but could be suggestive of an association between injury and training,
and requires further investigation. This can be expected, as horses are exercising at faster
speeds during training and there are greater forces exerted on the bones compared to
jogging (51). Horses that trained at faster speeds were at a greater risk of injury
presumably due to greater strain on the musculoskeletal system.

Risk of injury increased with increased training times, this result was highly
significant (p<0.05). Horses training who were training at less than 2:15 min/mile, were
almost four times more likely to get injured compared to horses who were not training.
Training at this time is close to racing times, which may be the reason for this category
having the highest risk of injury. There was a large jump in OR values from horses who
were training 2.30-2.25 min/mile to 2.24-2.15 min/mile. The horses training at the
slower time appeared to have low odds for injury, as the OR value was close to one. The
faster time category (2.24-2.15 min/mile) was associated with higher odds of injury
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(OR=3.35). This jump in values may simply be due to the faster speed, perhaps training
at 2:24min/mile is when the horse experiences more strain on the body than at slower
times, thereby increasing risk.

The odds of injury were lower in horses that were racing. Non-racing horses
were 2.44 times more likely to have an injury compared to horses that were racing.
Horses that race are fitter compared to horses that are not racing, and as the season
continues their fitness improves, making them well suited to race continuously. Further,
horses that race frequently may not be trained in between races. Whereas, horses that are
not racing, may be training once or twice per week, strengthening their musculoskeletal
system for racing.

It has been well established from the literature that exercise related factors are
known to be risk factors for injury. A New Zealand study found that 48% of injuries
were training related (40). This agrees with the current study, where 53% of injuries
were related to training. Though comparing injuries that occurred during races, they
occurred at higher frequency in the present study than found in the New Zealand study
(17%) (37).
5.4.3 Season
The racing season operates from April to January and although not every horse will race
the entire season, they tend to race more frequently in the summer and fall. There were
greater odds of injury in the fall season. A possible explanation may be due to
cumulative strain throughout the racing season. This would partly contradict the
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previous suggestion of racing horses being less at risk because they have better
developed and functional musculoskeletal systems. As horses enter the fall season, one
would expect them to be fitter. Though perhaps this result could be related to the
younger horses, who may have developed cumulative strain and are now training and
racing. Younger horses may only start heavily racing in the fall, likely contributing to
the higher OR of the fall season. Racing in the summer months, also displayed higher
odds for injury, with an OR of 2.77. This can also be expected as in summer horses will
have completed race training and are competitively racing more than during other
seasons. The p-value was not significant, and the frequency of racing may have been
confounded with season, though there was not enough information to identify the
relationship, and due to the low number of injuries, it was not possible to control for
confounding.
5.4.4 Previous Injury
The odds of injury occurrence were higher for horses that had a previous injury
(OR=3.29), compared to horses that did not have a previous injury. This value was
significant, p<0.05, and identifies the relationship of previous injury and injury
occurrence. The reasons why the injury first occurred may still have been present at the
time of the new injury or a previous injury may leave residual scar tissue or
compromised tissue causing lack of strength in the limb thus predisposing the limb to
injury (41). Stress to the limb is likely the cause of a secondary injury. A re-injury event
could also lead to further deterioration of the injured area, causing limited movement
and control (64).
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5.4.5 Trainer
Seven trainers had horses with injuries (Table 5). Two trainers (3 and 6) had the most
injuries observed (n=5). Of the five injuries in horses from both trainers, there were
three soft tissue injuries; one trainer had two horses with bone injuries, while the other
had one bone and one joint injury. Trainer number three had the largest number of
horses in the study (n=39) which may have contributed to the higher number of injuries
seen. With more horses, more injuries would be expected. Also having many horses to
train and race might have been more difficult for one trainer to manage. However,
trainer seven had 37 horses with only one injured horse with a single injury. This may
indicate that trainers did have a major influence on injury risk. However, identifying
trainer level risk was difficult to assess due to a low number of injuries observed in the
study, as there were only ten trainers and 153 horses. However, trainers could have
impacted other factors studied. Trainers may have selected the same training schedule
for the majority of their horses. The number of horses per trainer fluctuated every month
(Table.1) and during some months trainers may have had a larger percent of younger
horses that were only jogging.

5.5 Impacts and limitations
5.5.1 Impacts of study
This study presented new information for the racing community particularly on PEI.
Determining risk factors for injuries in Standardbred racehorses will be of benefit to
those involved in racing and to the horse. The economic spinoffs derived from horse
racing include job opportunities for trainers, grooms, farriers, and veterinarians. The
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success of the racing industry is heavily reliant on the performance of the horse. In the
long-term, if horses are not successful in training and racing the racing industry will not
be successful. If a horse is not generating any profit, owners may decide to sell the horse
or consider an alternate career.

Many horses that were bred for racing never have the opportunity to race or train.
A study on New Zealand Standardbreds found that 57% of the 3032 horses studied never
raced, however the reasons were not identified (65). An Australian study on exit rates in
both Thoroughbred and Standardbred racehorses found that 27% left due to injury (52).
These horses are no longer useful in the industry and determining the cause of injury
may provide information on how to lower the wastage seen. Identifying risk factors for
injury can help to better manage them, and perhaps in the long-term can lower the
number of horses exiting the sport. Horses with conformational faults may not be
desirable for racing. The schedule of the horse may need to be managed more
strategically while taking into account their conformation, season and the number of
races the horse has completed during the year. Having this information can help to
identify potential injury occurrence for horses in harness racing. Eliminating all injuries
in horses is not feasible, although the frequency in which they occur can be minimized
with proper management practices.

The collected and analyzed data provides new evidence of risk factors. Offset
knees were the primary point of concern as they presented with the highest risk. Having
a horse with offset knees can be avoided by simply not purchasing a horse with this type
of conformational fault. Fifty-six percent of horses in the present study had offset knees
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making it a common fault. Though carefully monitoring of the horse and being aware of
the high risk of injury, one could reduce the number of fast training sessions or better
manage the horse’s schedule to prevent injury.

The fall months presented with a higher risk for injury, though it is hard to
manage a schedule around the seasons. It is likely that the reason for injury in the fall
season was primarily due to the culmination of strain on the musculoskeletal system. A
solution may be to better manage the schedule during the summer months, or providing
time off before returning to racing in the fall.

The Summerside track location was found to be associated with a greater risk for
injury, compared to the Charlottetown track. This may be due to the footing and possible
maintenance of the Summerside track. Home tracks were not associated with injury risk.
It may be expected that home tracks do not have the same quality in footing or banking
as professional tracks; therefore, more injuries would be anticipated. Though there
would be a lot of personal maintenance into developing a home track, and fewer horses
using the track every day.

Horses with previous injury are at greater risk, however, in some cases it can be
difficult to determine the extent of the previous injury if not all the information was
given to the trainer. That being said, if the trainer is aware of the damage the previous
injury caused, consultations with a veterinarian to determine the best training plan would
be appropriate.
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The present risks found for training and racing have potential to be improved.
Training and racing risks can be managed, and perhaps be a focus area for improvement.
There is no perfect formula to training a horse for a competitive career, though it is
important to continue to make improvements in the management of the horse.

Finding risk factors for injury can help to better manage a racehorse. If one (or
more) of the risks is present, trainers can alter their training regime to better suit the
horse. Exercise related risk factors have the most potential to be managed. Training time
has one of the highest risks found. Horses who were in training and especially those
training approaching racing speed are at a higher risk for injury. Other factors, such as
those that are horse related, including conformation may be more difficult to manage.
Offset knees are very common in Standardbreds. It is likely that at least one of the
horses that a trainer has in their stable will have poor knee conformation. This new
information will also allow trainers to identify which horses may be at a greater risk.
Realistically, improvements in the sport will likely take several years, further research is
needed to support reasoning for better management practices. Ultimately, it may lead to
fewer injured horses and less of an economic loss in the industry.
5.5.2 Limitations
This study had several limitations. The primary limitation was the low number of
injuries observed and consequently this prevented the development of a full model that
accounted for confounding. Confounding variables are likely to include the horse’s daily
schedule, as the number of training and race days will influence jogging days. The age
of is a possible confounder as well; younger horses are not racing or may not have begun
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their training. Given this, a larger study needs to be conducted with a larger sample size
in order to better estimate the impact of different risk factors. However, this study
provided baseline information and identified potential risk factors that need to be
considered for Standardbred racehorses that are jogging, training and/or racing.

There was concern in the assessment that some information on the occurrence of
injuries was not being captured. At visit ten, trainers were asked to confirm the number
and type of injuries observed from visits 1-10. Two new injuries were recorded and the
remaining injuries were confirmed. For the remaining visits, trainers were asked more
specifically if the horse was injured, lame or experiencing any issue. Identification of the
type (soft tissue, bone, or joint) and severity (mild, moderate, or severe) of injury may
not have been correctly identified during the visit. If the veterinarian was from the
Atlantic Veterinary College, this information was confirmed. No radiographs or
ultrasounds were received to confirm the classification of injury from veterinarians of
non-AVC clients. It is possible that trainers may have forgotten the correct information
and provided somewhat inaccurate details. This could have led to the underestimation of
the effect on the outcome by risk factors observed. The sample size was lower than
expected, few trainers were available to participate and recruitment presented some
challenges. This low sample size may have impacted the number of new injuries
observed. For this reason two additional trainers were recruited in the eighth month of
the project.

Standardbred horse racing has an economic and cultural importance in Canada.
As the industry has grown, there has been a significant amount of wastage seen. A study
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in New Zealand found that more than half of the horses bred for racing never race, with
55% of flat racing horses and 52% harness racing horses never racing (60). Loss of
horses in harness racing is considered to be caused by injury occurrence, poor
performance, respiratory, and cardiovascular problems. The welfare concern for the
horse increases with greater frequency of injuries and associated pain. Injuries in horses
that are exercise related are inevitable; however, there is potential to reduce the
frequency and severity at which they occur by identifying potential risk factors for
injury.
5.6 Conclusions
The hypothesis that there were several environmental, horse, and trainer related risk
factors for injury in Standardbred racehorse on Prince Edward Island was partly
confirmed. Trainer related factors could not be confirmed, but this may have been
because few injuries occurred and the study population was small.

Significant risk factors identified included: training times, previous injury, offset
knees, and pelvic asymmetry. The time the horse is trained (min/mile) has potential to be
modified to minimize the risk of injury. Training at times slower than 2:15 min/mile,
may help to reduce injury. Horses do need high intensity training in order to be prepared
for racing, however, it may be a matter of having an appropriate balance of faster and
slower training sessions during the month in preparation for racing (15).

A low incidence and prevalence of MSI in PEI was found. Within the MSI
recorded, most injuries occurred to the SDFT and the sesamoid bones. Identifying risks
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and planning for intervention (or improved management) should reduce the risk of MSI
and its severity. The results, although preliminary, provide new information for trainers
and owners so that they are aware of likely injuries, and their risk factors. This could
lead to refinement of management practices.

Further studies are required to continue to identify risk factors for injury, as the
present study was completed in one province with a small study population. These
studies should have large population sizes examine exit rates of racehorses including
whether the horse had a change of discipline, was used for breeding, euthanized or sent
to slaughter. It would also be important to investigate the primary reason for horses
leaving the industry. The results obtained suggest that further studies on the influence of
conformation on injury risk would be worthwhile.
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Appendices
Appendix A - Questionnaire

Risk factors for musculoskeletal Injuries in Standardbred horses used
for harness racing on Prince Edward Island
Date: _________________________________________
Completed By: _________________________________
Trainer ID #: __________________________________
Horse ID#: ____________________________________
Horse Freeze brand #: _________________________

Section I
PART A: TRAINER AND OWNER INFOMRATION
Q1.

Trainer:
a) # of horses currently training:
b) How long has the trainer had this horse (months)?
c) Location:
d) Email:
e) Phone #:
Owner:
a) # of horses currently own:
b) How long has the owner had this horse (years):
c) Location:
d) Email:
e) Phone #:

PART B: GENERAL INFORMATION ON HORSE
Q2.

Age (years):
2 3 4 5 6 7 8 9 10 11 12 13 14

Q3.

Gender:
a) Male
b) Gelding

Q4.

c) Female

Gait:
a) Pacer

b) Trotter

Q5. Body Condition Score
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0
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PART C: INFORMATION ON SHOEING
Q6. Farrier:
__________________________________________________________________
Q7. How frequently is the horse shod (every # of weeks):
a) 2
b) 3 c) 4 d) 5 e)
6
Q8. Shoes:
a) Front:
a) Type of shoe:
i.
Aluminum swedge with grab
ii.
Aluminum egg-bar
iii. Steel full swedge
iv.
Steel Half round-half swedge
v.
Steel flat
vi.
Steel bar shoe
vii.
Steel shoe with trailer
viii. Flip Flop
ix. Razer shoe
x. Degree pad
xi. Pad (flat)
xii. Toe weights
xiii. Other ________________________________________________
b) Cork present?
i.
Yes

ii.

No

b) Hind:
a) Type of shoe:
i.
Aluminum swedge with grab
ii.
Aluminum egg-bar
iii. Steel full swedge
iv.
Steel Half round-half swedge
v.
Steel flat
vi.
Steel bar shoe
vii.
Steel shoe with trailer
viii. Flip Flop
ix. Razer shoe
x. Degree pad
xi. Pad (flat)
xii. Other ________________________________________________
b) Cork present?
i.
Yes

ii.
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No

PART D: INFORMATION ON TRAINING REGIME
Q9. Age when began training (years):_______________________________
Q10. Miles jogged per day (on average): ___________________
Q11. Number of jogging days per week: ___________________
Q12. Number of fast training days per week: ________________
Q13. Track used for slow (jogging) training: __________________
Q14. Track used for fast training: __________________
Q15. Speed of recent training miles (min/miles):______________________
Q16. Number of days off per week: ____________
Q17. Number of days off after a training:_______________
Q18. Duration of training (months): ______________________
Q19. Is the horse trained between races?
a) Yes

b) No

i) Speed
(min/mile)?:______________
Q20. Other information:

PART E: INFORMATION ON RACE HISTORY
Q21. Age of first race (years):_________________________
Q22. How many times did the horse race in the last month?
a) 0
d) 3
b) 1
e) 4
c) 2
f) 5
Q23. Number of days off after a race?:________________
Q24. Is the horse jogged the day before the race?
a) Yes
b) No
Q25. How many days does the horse get off after the race?
a) 0
b) 1 c) 2 d) 3 e)
Q26. Equipment:
 Hobbles
 Half Hobbles
 Boots

72

g) 6
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PART F: Injuries

Section II
EXAM OF HORSE - CONFORMATION
TERM
Back at knee
Over at the knee
Offset knees
Camped under
up front
Camped out up
front
Camped out
under behind
Base wide
Base narrow
Toed-in
Toed-out
Low pastern
Pastern hoof
axis
Low heel
Sickle hocked
Cow hocked
Pelvic
symmetry
Notes:
Left Forelimb:

SCORE
0
0
0
0

1
1
1
1

2
2
2
2

3
3
3
3

0

1

2

3

0

1

2

3

0
0
0
0
0
0

1
1
1
1
1
1

2
2
2
2
2
2

3
3
3
3
3
3

0
0
0
0

1
1
1
1

2
2
2
2

3
3
3
3

Right Forelimb:

Left Hindlimb:

Right Hindlimb:
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Appendix B - Definitions
Conformation
Back at knee: carpal hyperextension caused by causal displacement of the proximal row
of carpal bones
Over at the knee: Metacarpus laterally deviated relative to the carpus
Offset knees: the cannon bone is not centered directly under the carpus
Camped under up front: the horse stands behind the vertical
Camped out up front: the horse stands in front of the vertical
Camped out under behind: hind limbs stands out behind the hindemd
Base wide: distance between forelimbs is greater at the feet than at the chest
Base narrow: distance between forelimbs at feet is less than at the chest
Toed-in: metacarpophalangeal varus
Toed- out: metacarpophalangeal valgus
Pastern hoof axis: pastern has an upright appearance
Low heel: Heel close to the ground
Cow hocked: tarsus valgus is greater than 180°
Sickle hock: tibiotarsal angle 53° or less
Pelvic asymmetry: pelvis on angle
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