EPIDEMIOLOGICAL STUDIES INTO
ORTHOPAEDIC CONDITIONS OF

THE EQUINE ATHLETE

by

CHRIS H. PICKERSGILL B.V.M.S.
CERT E.S. (ORTH) M.R.C.V.S.

Thesis submitted for the Degree of Master of Veterinary Medicine,
University of Glasgow.

Veterinary Informatics and Epidemiology and Division of Equine
Clinical Studies, Department of Veterinary Clinical Studies,
University of Glasgow.

May 2000

©C.H.Pickersgill, 2000



ProQuest Number: 13818709

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest

ProQuest 13818709

Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, M 48106- 1346



GLASGOW
UNIVERSITY
LIBRARY

o 2 (UOS V)



ABSTRACT

The objectives of this study were to make quantitative and qualitative measurements of the
frequency of occurrence of: 1) fractures among Thoroughbred (TB) flat racehorses in the
United Kingdom (UK); 2) forelimb superficial digital flexor (SDF) tendinitis among National
Hunt (NH) TB racehorses in the UK; and 3) developmental orthopaedic disease (DOD)
among TB foals in the Hunter Valley, Australia. Several epidemiological risk factors were
investigated to determine any association with the occurrence of fractures among flat
racehorses. Two aspects of diagnostic ultrasonography were also investigated: 1) repeatability
of the technique; and 2) the early detection acute tendinitis.

Prospective data was recorded over 12 and eight-month periods for two flat racing yards, to
determine the incidence of fractures and associated epidemiological risk factors. Group 1
horses sustained 18 fractures among 209 horses (8.6%), compared with four fractures out of
82 horses in Group 2 (4.9%). Overall fracture incidence for the two groups was 7.6% of all
horses. Of the 22 fractures reported, 18 (81.8%) occurred following training exercise and four
(18.2%) following a race. Overall fracture rates were 0.04 cases/100 training days and 0.4
cases/100 racing days. Carpal and pelvic fractures were reported most frequently. There were
no significant differences in age or gender distributions between case and control horses.
Equitrack surfaces may have a protective effect in reducing the occurrence of fractures.

Ninety-six NH racehorses underwent four ultrasonographic examinations over a 12-month
period, to quantify the incidence of acute and chronic SDF tendinitis. Repeat examinations of
some horses by two examiners provided data to determine the repeatability of
ultrasonography. A total of 41 horses (43%) showed evidence of either acute tendinitis (25
horses - 26%), chronic tendinitis (12 horses - 13%), or an acute exacerbation of a chronic
injury (4 horses - 4%). Acute SDF tendinitis occurred most frequently unilaterally (17/25
horses - 68%), while 12/16 (75%) of chronic/chronic recurrent injuries were bilateral.
Increasing age increased the likelihood of developing acute or chronic SDF tendinitis, while
female (versus male) gender increased the likelihood of developing acute SDF tendinitis. SDF
tendon cross-sectional area (CSA) values did not change significantly prior to the onset of
acute tendinitis. Variation in ultrasonographic imaging occurred between operators during
Image measurement, but not between operators during image acquisition, or between different
analytical equipment.

Retrospective and prospective data were collected from stud farms in the Hunter Valley, to
determine the incidence of DOD. Retrospective data from an equine hospital was also used to
determine the frequency of surgical intervention for the treatment of DOD, over a 9-year
period. Angular limb deformities were the most frequently reported DOD. There was a
statistically significant increase in the number of confirmed cases of osteochondrosis (OC)
from 1990 - 1996. Similarly, the number of arthroscopic procedures undertaken in the
diagnosis and/or treatment of OC increased from 1988 - 1996.

In conclusion, the collection of retrospective and prospective data enabled the calculation of
baseline incidence rates for several orthopaedic conditions and revealed various associations
between individual variables and the occurrence of the particular disease. Increasing
awareness of the epidemiological investigative principles and analytical techniques available
to the research community will provide the opportunity to further our understanding of equine
orthopaedic disease.
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CHAPTER ]

A REVIEW OF THE LITERATURE OF RELEVANCE TO
EPIDEMIOLOGICAL RISK FACTORS FOR MUSCULOSKELETAL INJURIES,
THE ASSESSMENT OF SUPERFICIAL DIGITAL FLEXOR TENDINITIS AND
THE AETIO-PATHOGENESIS OF DEVELOPMENTAL ORTHOPAEDIC

DISEASE

1.1 GENERAL INTRODUCTION

The equine industry is a complex organisation beginning with the continual
production of new crops of foals year after year, destined to undertake countless
activities in countless destinations around the globe. A large number of
Thoroughbred (TB) foals enter the horse racing sector, racing on the flat and over
obstacles, either over collapsible hurdles or fixed steeplechase jumps. Generally
speaking young horses’ racing careers start on the flat as two year olds, where they
may remain until they retire, while some progress to hurdle and steeplechase racing.
A smaller number enter as slightly older horses directly into competing over

obstacles.

From the very first steps taken by each new foal, illness and injury can delay,
interrupt, prevent or terminate the athletic career of the individual. Horses destined
for, or already involved in, racing careers undergo demanding physical training
programs from an early age, placing great demands on the still immature musculo-
skeletal system. Individuals with congenital defects or weaknesses frequently fail to
withstand these pressures and ultimately fall short of their anticipated and desired

level of achievement. Those individuals that compete either on the flat or over
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obstacles continue to risk injury while racing and while undertaking training

exercise.

A thorough understanding of the aetio-pathogenesis of “failure” at all levels is
essential if interventions directed at reducing the failure rate are to be successful.
Central to the understanding of all illnesses is the ability to quantify their incidence,
thereby providing baseline data and allowing the effect of future interventions to be

determined and measured.

This project undertook to investigate three areas of “failure” among TB horses
destined for or already part of the racing industry. These included: developmental
orthopaedic disease (DOD) among the foal population; fracture injuries sustained by
racehorses competing on the flat; and superficial digital flexor (SDF) tendinitis

among National Hunt (NH) racehorses competing over fences.

1.2 MUSCULOSKELETAL INJURIES AND ASSOCIATED EPIDEMIOLOGICAL RISK

FACTORS IN THOROUGHBRED RACEHORSES

1.2.1 Summary

Many horses participating in racing, either on the flat or over obstacles, suffer
injuries to the musculoskeletal system at some stage in their career, resulting in
either temporary withdrawal, or permanent exclusion from competition. Fractures,
particularly those involving the forelimbs, are one of the most frequently recorded

serious injuries.

The incidence of musculoskeletal injury (MSI) is influenced by variables known as
epidemiological risk factors, which can be associated with an increase or decrease in
the likelihood of sustaining an injury. Employing modem epidemiological principles
and methodology, many variables have been assessed to determine their role in the

occurrence of injury. However, as the effect of risk factors is often highly complex,
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with variables exerting their effects simultaneously and often interacting with other
variables, research findings hitherto have had a very limited impact on reducing the

incidence of MSI in racehorses.

1.2.2 Introduction

The equine racing industry suffers from high levels of wastage at all stages in the
continuous provision of replacement athletes (Jeffcott and others, 1982; Bourke,
1990). Even after racehorses have reached competition age, wastage occurs
throughout their training (Lindner and Dingerkus, 1993) and racing (Rossdale and
others, 1985; Bourke, 1995a; Bourke, 1995b) careers. The identification and
quantification of these losses has been the focus of research, assessing all levels of
the Industry (Jeffcott and others, 1982; Bourke, 1990; Bourke, 1995a). Other
investigations have focussed on particular aspects of wastage, such as racecourse
fatalities (Gelberg and others, 1985; Johnson and others, 1994a; Johnson and others,
1994b) and fatality incidence (McKee and Clarke, 1993; Wilson and others, 1993;
Bourke, 1995b; McKee, 1995; Wilson and others, 1996).

The situation in the United Kingdom (UK) TB racing industry has been the focus of
research for nearly two decades (Jeffcott and others, 1982; Rossdale and others,
1985; McKee and Clarke, 1993; McKee, 1995). Jeffcott and others (1982) collated
information concerning horse performance and the reasons for absence from flat
racing competition, either temporarily or on a permanent basis, calculating an overall
loss of 72.8%. However, this figure was calculated from all the horses that could
have theoretically competed between these ages. Consequently, it included an
unknown number of surviving animals, such as those unnamed, untrained or
unraced, some of which would have been retained as store horses for NH
competition, never participating in flat racing. Other horses within this latter
category could have been used for a variety of other activities such as hunting,

eventing and general purpose riding horses and would not be wasted per se.
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Recent studies have quantified the situation in the North American Standardbred
(SB), TB and Quarterhorse (QH) flat racing industry (Wilson and others, 1993;
Peloso and others, 1994a; Peloso and others, 1994b; Wilson and others, 1996). The
TB flat racing industry in Australia has also been the focus of attention over recent
years (Bourke, 1990; Bourke, 1995a; Bourke, 1995b; Bailey and others, 1997¢), as
have the Japanese and South African TB flat racing industries (Ueda and others,
1993; MacDonald and Toms, 1994). Bailey and others (1997c¢) surveyed 40 trainers
from the three major race centres in Sydney, Australia, collating their views on the
major areas of wastage affecting the Industry. The findings contrasted with those of
earlier UK studies, where the musculoskeletal system and reproductive tract were
the most frequently affected body systems resulting in wastage of horses (Jeffcott
and others, 1982; Rossdale and others, 1985). Bailey and others (1997c) found that
trainers perceived respiratory tract disease as the most significant cause of
Interruption to exercise. These investigators concluded that MSI were considered to
be of a lesser importance, although the high incidence of dorsal metacarpal disease
was a frequently cited concern and was considered to be much more of a problem
than was reported in the earlier UK studies. Bourke (1995a) also identified shin
soreness as one of the most frequent actual or perceived causes of interruption to

athletic activity.

Variations in study design make valid comparisons between published data difficult.
However, there are reports highlighting similar areas of wastage. Jeffcott and others
(1982) reported that almost a third of horses racing only as two-year olds and 38.1%
of horses racing less than five times at two to three years old, were retired through
“lack of ability”. Bourke (1995a) confirmed this high level of drop-out from
competition after the first and second season of racing, irrespective of age at start of
first racing season, suggesting that the main reason for this was horses failing to
show adequate racing potential or ability. Both investigations identified a
considerable number of named horses that subsequently failed to race, Bourke

(1995a) calculating a figure of 17%, compared to the figure of just over 26%
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reported by Jeffcott and others (1982), the majority eventually leaving flat racing for
other activities. A significant number of horses left flat racing, destined for export or

retention for NH racing (Jeffcott and others, 1982).

1.2.3 Wastage among Horses which have Raced

Many racehorses fail to start training, or make a single start even when training has
been undertaken. Once racehorses have shown promise and competed in at least one
race, many have their careers terminated prematurely or their training programs
temporarily interrupted. Jeffcott and others (1982) suggested that if a filly raced up
to three years of age, then many owners would be satisfied with the performance and
retire them to stud. This hypothesis concurs with the findings by Bourke (1995a),
where males competed for an average of three to four racing seasons, compared with

two to three for females.

Lindner and Dingerkus (1993) reported that 57% of training failures, defined in their
study as “...the inability to undertake galloping exercise...”, resulted from lameness.
Similarly, Jeffcott and others (1982) identified lameness as the most important cause
of “...permanent disability, reduction in performance potential or number of race
starts and interruption of training programme...”. Fifty three percent of the horses in
this study experienced a period of lameness, with 21% failing to return to racing
after the lameness. Jeffcott and others (1982) also reported that MSI accounted for
45% of cases where a horse failed to make a start. Comparatively, 53% of horses
being withdrawn from races in Australia were due to MSI and one fifth of horses
experiencing a period of lameness “...did not race in the 12 months after lameness

was diagnosed ” (Bourke, 1985).

1.2.4 The Role of Clinical Epidemiology
Jeffcott and others (1982) acknowledged the need for epidemiological surveillance
of lameness, in an effort to identify predisposing risk factors. Rossdale and others

(1985) undertook an “epidemiological” study of wastage, extending the earlier work
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by Jeffcott and others (1982). Both studies reported on the identification and
quantification of specific MSI resulting in wastage, although risk factors per se were

not investigated.

As well as quantitative assessment of racehorse lameness, research efforts are
increasingly focusing on identifying specific epidemiological risk factors associated
with MSI occurrence, which may increase or decrease disease incidence. These
include, amongst many others, variables such as horseshoe characteristics (Kane and
others, 1996b) and the work by Estberg and others (1994), who investigated the
effect of cumulative exercise distance on the risk of fatal MSI. Peloso and others
(1994a) examined no less than 35 variables, while Bailey and others (1997a)
assessed 19, ranging from position of the horse at the start barrier, to mean rest

period between races.

The use of epidemiological study designs has become increasingly widespread,
replacing the traditionally employed case series, surveillance or prevalence
studies. The two most frequently utilised are the case-control study (Robinson and
Gordon, 1988; Robinson and others, 1988; Mohammed and others, 1991; Estberg
and others, 1993; Estberg and others, 1994; Bailey and others, 1996; Kane and
others, 1996a) and the cohort study (Robinson and Gordon, 1988; Robinson and
others, 1988; Kobluk and others, 1989; Kobluk and others, 1990; Bailey and others,
1997a; Bailey and others, 1997b). A case-control study involves selection of
diseased and non-diseased animals and compares the exposure of each group to each
risk factor variable. A cohort study involves defining a cohort or group of animals
without disease, but all exposed to a variety of risk factors and monitoring the cohort
over a period of time. Individuals that develop disease are then compared with those

that remain free of disease.
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1.2.5 Categorisation of MSI — The Importance of Case Definition

1.2.5.1 Fatal Injuries

Horse fatality whilst racing (Bourke, 1995b; McKee, 1995) or racing/training
(Gelberg and others, 1985; Johnson and others, 1994a; Johnson and others, 1994b)
has frequently been used as a selection criterion for inclusion in a study, although
non-MSIs were also included in some of these studies. The cause of death was
usually elective euthanasia on humane or financial grounds, as the majority of MSIs

were not themselves fatal.

Racing fatality data are relatively straightforward to collect, as most racetracks,
trainers and/or veterinary surgeons keep records of horses that have died or have
been euthanased as a result of an injury sustained while competing, although the
quality of information may vary. Injuries sustained while training are harder to
collate, as are the number of deaths unrelated to racing or training. Death is a useful
case definition due to its unambiguous nature, unlike the myriad definitions used to
define injury or lameness, allowing comparison between different data sets to be
undertaken more readily. McKee (1995) summarised seven years of racetrack
fatality data for the UK racing industry and found the fatality rates, expressed as a
percentage of starts for the different types of TB racing, varied considerably: flat
0.08%; hurdling 0.49%; steeplechase 0.70%; and NH flat 0.47%. Bourke (1995b)
reported slightly different values for the Australian racing industry, although the
relative proportions between disciplines was similar: flat 0.03%; hurdling 0.6%; and
steeplechase 1.1%. A more recent Australian retrospective case-control study
reported incidence rates for fatal MSI, of 0.06%, 0.63% and 1.43% for flat, hurdle
and steeplechase, respectively (Bailey and others, 1998). Peloso and others (1994a)
calculated a fatality rate of 0.14% for TB racing on the flat at four tracks in

Kentucky.

The percentage of racehorse fatalities has been shown to result from MSI in a high

proportion of cases. Estberg and others (1993) found catastrophic MSI to account for
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73% of all deaths or 88% of exercise related injuries. Further post mortem
investigations by Johnson and others (1994a), reported similar findings. This latter
study reported 83% of injuries resulting in the death of the horse involved the MSI,
although this figure included exercise and non-exercise related injuries. Fatal injuries

occurring during exercise totalled 81% in this study.

The proportions of non-MSI also showed some similarities: Bourke (1995b)
calculated that over 10% of fatalities were due to either acute thoraco-abdominal
haemorrhage or heart attack/collapse; McKee (1995) did not include abdominal
haemorrhage and consequently found a slightly lower prevalence, ranging from 0%
among NH flat racehorses to 8.3% in steeplechasers. A post-mortem study
investigating deaths among TB and QH over a two-year period on a California
racetrack found cardiac and respiratory disease to account for 6.5% of deaths
(Johnson and others, 1994a). Excluding infectious pulmonary disease this was
reduced to approximately 3%, which is comparable to the figure of 3.7% calculated
by McKee (1995) for flat racing fatalities caused by heart attack/collapse or

pulmonary haemorrhage.

1.2.5.2 Non-fatal Injuries

Although calculating fatal MSI is a convenient method of estimating the incidence
of serious injury, not all serious MSI are invariably fatal and a broad range of injury
severities occur. Non-fatal injuries range from superficial wounds, that may not
affect the training or racing program, to serious tendon and ligament injuries, or
fractures that are amenable to repair. To quantify such a diversity of injuries
accurately would be extremely difficult, so inclusion/exclusion criteria are clearly

defined to eliminate subjectivity.
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1.2.6 Terminology of Selection Criteria

1.2.6.1 Lameness

Jeffcott and others (1982) defined lameness as “...resulting in permanent
disability, a reduction in performance potential, and interruption of training
programme or the number of race starts”.

[13

Peloso and others (1994a) defined lameness as “...any obvious change in

soundness immediately before, during or after arace...”.

1.2.6.2 Musculo-skeletal Injury

Clanton and others (1991) defined a breakdown as “...an acute injury (horse was
removed from the track by ambulance) that prevented a horse from racing or
training for six months or longer, forced the horse to retire from racing, or caused
the horse to be euthanased”.

Mohammed and others (1991) defined a breakdown as “...a horse that had not
raced within six months following a muscular or skeletal injury on the racetrack”.
This was expanded to include “...an injury which led to the humane destruction
of the horse...” for fatal injuries by Mohammed and others (1992), sub-dividing
the injuries into “severe” and “less severe” categories.

Oikawa and others (1994) defined racing injuries as “...acute locomotor injuries

that prevented a horse from being trained for three months or longer, or resulted

" in permanent retirement or euthanasia of the horse”.

Bailey and others (1996) defined an MSI as the failure to “...race or trial for six
months from the date of injury”.

Cohen and others (1997) defined a career ending injury as occurring when “...an
obvious onset of lameness became apparent during a race...but the horse was not
euthanatized...the injury necessitated restricting the horse from racing for a

period of greater than or equal to six months...”.
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1.2.6.3 Failure to Train and/or Race

o Rossdale and others (1985) defined the time lost from training or racing as every
“...day on which the horse did not canter for reasons of injury or disease”. The
number of days lost, due specifically to particular causes of lameness was then
calculated.

e Lindner and Dingerkus (1993) defined training failure as “...the failure to be
trained at a galloping pace”, based on a weekly census with lameness of any

cause recorded.

Clearly there would be considerable variation in the type and severity of injury
included in, or excluded from each study. Taking a random cohort of horses from the
equine population and applying each selection criteria would almost certainly result
in different conclusions. For example, those studies which included all causes of
lameness (Jeffcott and others, 1982; Peloso and others, 1994a), would have a greater
number of recorded lamenesses than those only recording MSI preventing a return to
work within six months of injury (Mohammed and others, 1991; Bailey and others,
1996). However, the latter studies would have excluded a number of mild injuries
that only resulted in a short break in training or racing. Peloso and others (1994a)
recognised the need for standardisation of definitions used for MSI or breakdowns,

thereby allowing more meaningful comparisons of data.

1.2.7 Injury Site

1.2.7.1 Limb Location

Reports on the anatomical location and musculoskeletal tissue most commonly
injured found the forelimbs to be the more frequently affected limbs and fractures to
be the most common MSI resulting in the death or euthanasia of the horse (Bourke,
1995b; McKee, 1995). The mean values for all four race types in the UK, including
forelimb (28%), hindlimb (10%) and vertebral/pelvic (14%) fractures accounted for
over half of the total injuries in one study (McKee, 1995). This study found that

forelimb and hindlimb fractures accounted for a higher percentage of fatalities on the
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flat compared with over jumps, where spinal injuries were more common than on the
flat. Forelimb fractures were singularly the most frequently recorded fatal injury in
all four race types in this study. Bourke (1995b) reported that 54% of racing
fatalities involved forelimb MSI and 16.5% hindlimb MSI among Australian
racehorses. These values were higher than reported by McKee (1995), but included

soft tissue injuries such as articular luxation and tendon rupture.

1.2.7.2 Location of Injury on Limb

Jeffcott and others (1982) identified the foot as the site of 15.4% of lameness in
horses racing on the flat in the UK, followed by the fetlock (15.0%), carpus (12.6%)
and metacarpus (16.6%). However, these figures include both fatal and non-fatal
injuries and all tissue types in the respective anatomical regions. Another report on
racing in the UK found fatal flat racing fractures involved the metacarpus (8.6%),
carpus (6.8%), pastern (6.8%) and fetlock (6.4%) regions most frequently, expressed
as a percentage of all fatal injuries (McKee, 1995). This was in contrast to hurdlers
and steeplechasers, which sustained fractures to the humerus or scapula/shoulder
more commonly (5.7% and 8.7%, respectively). The lower figures obtained by
McKee (1995) may be a result of the exclusion of non-fatal injuries from this study,

a good example of the difficulty in making accurate and meaningful comparisons.

Ueda and others (1993) reported the proximal sesamoid bones (22%) and metacarpal
bones (17.1%) to be the most frequent site of fatal or non-fatal fracture, followed by
fracture of the proximal phalanx (14.6%). Similar figures were reported by Bathe
(1994) in a UK study, who identified the proximal phalanx (15%), third
metacarpus/tarsus (15%) and tibia (14%) as the most frequently fractured bones, not
differentiating between training and racing components and including both fatal and
non-fatal fractures. These figures appear high in comparison to the results obtained
by McKee (1995), possibly because Ueda and others (1993) excluded all injuries

other than fractures and dislocations, increasing the relative percentage of each
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injury in proportion to the total number of injuries, while Bathe (1994) included only

fractures.

Johnson and others (1994a) found the most common fatal fractures sustained by TB
racing on the flat involved the proximal sesamoid and third metacarpal bones while
racing (50%; 30%), or training (30%; 26%) respectively. These figures only
included fatal fractures, excluding any non-fatal fractures and all non-fracture

injuries, explaining the high values compared to the previous results.

There are also a number of undiagnosed conditions that account for a considerable
percentage of injuries. Bourke (1985) reported that the cause of lameness was not
diagnosed in a mean of 14.5% of cases over a two-year period. Nearly 8% of injuries
reported by Bourke (1995b) were grouped as “unspecified”, while 8.5% of
lamenesses were classified as miscellaneous or undiagnosed by Jeffcott and others
(1982). Over a two-year period, a mean of 31.2% of lamenesses were undiagnosed in
the study by Rossdale and others (1985). These injuries may be due to a range of

conditions and specific diagnoses may not have been possible at the time.

1.2.8 Activity at Time of Injury

The incidence of all types of both fatal and non-fatal injuries occurring while racing
has been well documented. However, there is evidence to suggest that injuries
sustained while training are equally or even more common and just as serious.
Nearly half of 25 cases of sudden death in TB racehorses examined by Gelberg and
others (1985) occurred while the horses were undertaking training exercise. A
diagnosis was not made in 17 of the cases. Musculoskeletal injury was not
associated with any of the sudden deaths, most of the animals showing gross
thoracic or abdominal pathology. Johnson and others (1994a) found that 42% of
fatal injuries affecting TB racing on the flat occurred while racing, 39% during
training, 12% were non-exercise related illness and 7% resulted from an accident.

The majority of these injuries were of a musculoskeletal origin (83%). Further
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results from this ongoing investigation (Johnson and others, 1994b) highlighted
similar relative proportions: racing 34%; training 33%; non-exercise 14%; and
accident 4.2%. Including other breeds in the calculation, the racing to training injury

ratio was approximately equal.

Robinson and Gordon (1988) derived similar figures from a mixture of TB and QH
flat racing: racing 39%; training 45% and stabled 16%. In contrast with Johnson and
others (1994a), these results included fatal and non-fatal, MSI and non-MSI,
although the majority were non-fatal MSI. Reporting on the incidence of fractures
sustained by flat racehorses in the UK, Bathe (1994) calculated that 84% of fractures
occurred spontaneously while training, with only 9% being sustained during a race
and 7% as a consequence of accidental trauma. Wilson and others (1996)
summarised data previously reported to the Japan Racing Association, relating to
injuries at ten Japanese racetracks and three training centres. Fifty five percent of all
fractures were sustained while training. However, a higher percentage of fatal
fractures were sustained while racing compared to training: 64% and 36%

respectively.

1.2.9 Epidemiological Risk Factors Associated with MSI

Many variables have been investigated in an attempt to identify an association with
the occurrence of MSI. Although there is both agreement and discrepancy between
reports, any conclusions must be interpreted with caution: differences in study
design, subject selection and racetrack structure are just a few of the variables
making direct comparison between results difficult and conclusions potentially
erroneous. If one study finds an association between a particular variable and the
subsequent development of a MSI, any inference can only be appropriately applied
to horses exposed to the same conditions. Recent review papers summarised most of
the work that has been published to date relating to the identification of
epidemiological risk factors associated with racing injuries (Wilson and Robinson,

1996; Mundy, 1997).
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For the purposes of this review, the variables have been broadly categorised into
racetrack, racing, racehorse and environmental factors, although there is a degree

of overlap between groups.

1.2.9.1 Racetrack

1.2.9.1.1 Turf versus Dirt

The ground surface conditions of racetracks have been scrutinised in an effort to
determine the nature of the ideal surface on which to race and identify surfaces with
a higher incidence of injury. Racetrack ground surface composition varies
considerably, with most racing in the United Stated of America (USA) taking place
on dirt surfaces, with some turf tracks, while in the UK the major surface is turf,
although three all-weather surfaces are also used for winter racing on the flat. A
number of courses previously investigated, comprised of both dirt and turf tracks
(Hill and others, 1986; Mohammed and others, 1991; Mohammed and others, 1992;
Oikawa and others, 1994). Mohammed and others (1992) found that racing on firm,
turf tracks was associated with a lower risk of severe MSI than racing on the normal
dirt surface at three New York racetracks. These findings were consistent with
earlier work by Mohammed and others (1991), where turf was found to have a lower
risk than dirt. Similarly, Wilson and others (1993) reported a higher percentage of
fatal injuries were sustained during racing on dirt compared to turf surfaces: 27%
and 23% respectively. These findings are in contrast to several studies, which found
no significant difference in the risks between competing on turf and dirt tracks (Hill
and others, 1986; Robinson and others, 1988; Estberg and others, 1998). Analysis of
seven years of data from the UK racing population suggested that the incidence of
fatalities among hurdlers and steeplechasers increased on firm, turf tracks compared
to softer turf surfaces, although no statistical analysis was undertaken (Herbert,
1994; Wright, 1994). This study did not identify any significant difference in death
rate between different turf surface conditions for horses racing on the flat. Despite
training injuries being reported to occur with a similar or even greater frequency to

racing injuries in some investigations (Gelberg and others, 1985; Robinson and
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Gordon, 1988; Bathe, 1994; Johnson and others, 1994a), there is a paucity of

information pertaining to the use of different training surfaces.

1.2.9.1.2 Track Design

Racetrack design has been implicated as a risk factor in the occurrence of
breakdown. Rooney (1983a) measured the forces acting on the limbs on various
parts of the racetrack. There was a strong association between breakdown in the left
forelimb and the calculated impulse, a measure of the forces acting on the limb
multiplied by time, in horses travelling in an anti-clockwise direction. The lateral
forces acting on the left forelimb were approximately twice that compared to the
right limb. It was hypothesised that poorly designed or inadequately banked turns

could result in increased forces acting on the inside leg, increasing the risk of injury.

Hill and others (1986) examined racetrack conditions, including curvature of turns
and stage of race, finding no association between either variable and the incidence of
MSI. Oikawa and others (1994) reported on considerable structural changes to a
racetrack in Japan, including increasing the graduation of bends, which resulted in a
drop in the number of severe, but not mild injuries. As several other features of the
track were also changed, such as the surface composition and the introduction of

inclines and declines, no single alteration was solely credited with the improvement.

1.2.9.1.3 Track Identity

Mohammed and others (1991) and Mohammed and others (1992) showed that three
New York racetracks were associated with differing relative risks of sustaining an
injury, in contrast to Bailey and others (1997a), who could find no difference in
injury rate between two tracks in Sydney. This also contrasts with the results from
four Melbourn tracks, where racing on one particular course was associated with an
increased risk of fatal MSI (Bailey and others, 1998). Racetracks around the world
differ greatly in many respects and many variables influence the surface conditions

of tracks, making identification of specific risk factors very difficult.
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1.2.9.1.4 Stage of Race

Clanton and others (1991) found that three quarters of all injuries occurred at either
the entrance to, or exit from the final turn: 27% and 50% respectively. Similarly
Ueda and others (1993) reported 64% of injuries occurred at some stage in a turn and
the remaining 36% on the straight regions of the track. The findings by Robinson
and Gordon (1988) suggested that nearly half the injuries occurred in the middle of
or as the horse left the final turn, while Peloso and others (1994a) found significantly
more catastrophic injuries occurred in the final turn or the previous straight. These
findings differ from those by Mohammed and others (1992), who concluded that a
severe injury was 13 times more likely to occur during the first six furlongs of a
race, than in the seventh or greater furlongs. However, the results of research
summarised by Herbert (1994) and Wright (1994), found the time of injury
occurrence to be evenly distributed throughout the race, suggesting that fatigue may
not be strongly associated with breakdown, as suggested in other reports (Clanton

and others, 1991).

Peloso and others (1994a) proposed that the higher numbers of catastrophic injuries
occurring in shorter races might be related to the speed of the race. The slower race
times recorded after restructuring a track in Japan (Oikawa and others, 1994), which

resulted in a decrease in injuries, lends credence to this hypothesis.

1.2.9.2 Racing Factors

1.2.9.2.1 Pre-race Inspection

Pre-race veterinary examination has been shown to aid in the identification of horses
at risk of sustaining certain MSI (Peloso and others, 1996; Cohen and others, 1997).
Cohen and others (1997) applied four different criteria in the assessment of TB
horses racing on the flat and used the information to predict whether or not each
horse was at an increased risk of injury. The criteria included both physical findings
and previous records. The investigators reported that horses identified as being at

increased risk of MSI were 5.5 and 13.5 times more likely to sustain an injury to the
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suspensory apparatus and superficial digital flexor tendon, respectively. The findings
of this study are a good example of the potential for intervention in an effort to

reduce MSI.

1.2.9.2.2 Jockey

There 1s considerable variation in the fatality rate between different race types in the
UK, in particular between flat and NH flat racing. Changes made by the Jockey Club
in 1994 allowed professional jockeys to compete in NH flat races, no longer
restricting the field to amateur and conditional jockeys, with the aim of reducing the
incidence of racehorse injury (McKee, 1995). No significant differences were
observed between jockey status (apprentice or veteran) by Peloso and others
(1994a), who examined a large number of variables for two groups of injured horses:
catastrophic versus non-catastrophic, although other investigators reported the
incidence of MSI to be greater among amateur jockeys compared with professionals

(Herbert, 1994).

Ueda and others (1993) used video footage to review the activity of the jockey and
horse immediately prior to injury. The investigation found the most common
activities at this time to include lead change, use of the whip and an oblique
movement by the horse, all possibly resulting in a shift in balance or sideways
movement. Observations relating change in lead leg to time of injury are consistent
with other findings in this study, showing injuries to be most frequently associated
with a turn rather than a straight portion of the track (64% and 36%, respectively).
However, it was not possible to determine whether the change in lead leg resulted in,
or was a consequence of the injury. Clanton and others (1991) also found that if the
entry into or exit from a bend was associated with a change in lead leg, then the
likelihood of injury at that point was increased. Ueda and others (1993) also
observed that the lead foreleg was the most at risk of injury: 70.8% of left fore and

72.7% of right fore injuries occurred while the respective leg was leading.
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1.2.9.2.3 Race Length

In order to obtain an indicator of fatigue during a race, Rooney (1982a) measured the
reduction in velocity of the lead horse between the last two sections of a race. Turf
and dirt were found to result in similar levels of fatigue, although the turf surface
appeared to have a slightly lower mean drop in velocity at most distances. However,
the statistical significance of this was not determined. Certain race lengths were
associated with a greater reduction in velocity, notably 5.5 to 7 furlongs and 1 1/16
miles. These race lengths were considered to represent high-risk distances. Peloso

and others (1994a) found a higher risk of catastrophic injury in shorter races.

1.2.9.2.4 Class of Race

Robinson and Gordon (1988) found a significantly greater risk of injury in claiming
versus non-claiming races (odds ratio 1.86, 95% C.I.). Estberg and others (1998)
calculated a similar figure for two to five-year-old horses in claiming versus maiden
races. Stakes races were reported by Bailey and others (1997a) to have a 2.3 times
increased risk of involving a MSI, compared to non-stakes races. In contrast, Peloso

and others (1994a) found no significant difference between racing classes.

1.2.9.2.5 Exercise Level

The intensity of exercise in relation to the occurrence of MSI was the focus of work
by Kobluk and others (1990), who found a negative correlation of -0.51 between
subjective scales of the “...level of daily exercise...” and the “...incidence of MSI of
all severity...”. The investigators concluded that horses with fewer MSI were
exercised harder, suggesting that the presence or absence of MSI were used by
trainers as one factor in the decision to select an appropriate level of exercise. High
total cumulative exercise distance and a high rate of accumulation of exercise
distance, during a two-month period, were found to increase the risk of fatal MSI by
3.9 and 1.8 times, respectively, in a retrospective case-control study of TBs racing

on the flat in California (Estberg and others, 1996).
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1.2.9.2.6 Others

Many other variables such as the number of seasons raced, number of starts to date,
position in starting gate and speed of race when injury occurred have been
investigated for their involvement. Mohammed and others (1991) found that horses
with more starts per season and a greater number of seasons raced, were at a lower
risk of MSI. This finding could be a result of the horses suffering injuries making
fewer starts and racing for fewer seasons than horses free of injury, rather than high
racing frequencies over several seasons having a protective effect per se. Severe
injuries were more common in the first or second racing season in the study by
Mohammed and others (1992), possibly due to an age effect, but no correlation

between MSI and number of starts per season was identified.

Although differences in fatality rates for different race types i.e. flat, NH flat,
hurdles and steeplechase, have been reported (Peloso and others, 1994a; Bourke,
1995b; McKee, 1995), multivariable logistic regression has only recently been
employed in the data analysis. Bailey and others (1998) reported jumping races i.e.
hurdles and steeplechase, as being risk factors for fatal MSI, when compared to flat

racing.

1.2.9.3 Racehorse Factors

1.2.9.3.1 Gender

Rooney (1983b) showed that more MSIs, defined as fractures, in particular third
metacarpal bone fractures, occurred in entire males, than would be expected from the
gender ratio in the study sample population, although numbers involved were small
and no statistical significance was demonstrated. This study also found geldings to
be at a decreased risk of MSI. In contrast, Estberg and others (1998) found male
horses to be at an increased risk of fatal MSI compared to female horses. The
conflicting results obtained may be explained by the difference in case definition, the
latter study including only MSI that resulted in the euthanasia or natural death of the

horse. A greater proportion of horses euthanased as a result of injury would be
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expected to be male, as the option to salvage for breeding purposes applies mainly to
females. Both Peloso and others (1994a) and Bailey and others (1996) found no
association between gender and the risk of injury, as defined in the individual

studies.

1.2.93.2 Age

Age has been associated with the occurrence of severe injury. Mohammed and
others (1992) found a negative association between age and severe injury,
suggesting that as age increased, the risk of severe injury decreased. Investigations
undertaken at Canterbury Downs, Minnesota by Robinson and Gordon (1988) found
that severe injuries were over two times and nearly five times more likely to occur in
three and four-year-old horses, respectively, compared with two-year-olds. Bailey
and others (1997a) reported that horses over four years old were 1.8 times more
likely to suffer a MSI while racing, when compared to animals less than four years
old. Mohammed and others (1991) also found a positive association between
increasing age and the risk of MSI. Similarly, Bailey and others (1998) found the
risk of fatal MSI to increase in horses older than three years of age. No relationship
was demonstrated between the age at first race and the risk of fatal MSI by Estberg
and others (1996).

1.2.9.3.3 Shoeing

Horseshoe characteristics have been compared between TB racehorses that died or
were euthanased as a result of a MSI affecting the appendicular skeleton and those
which died for other, unrelated reasons. The risks of certain features of shoe design
were also assessed for specific MSIs, namely suspensory apparatus failure and
condylar fracture of the meta-carpus/tarsus, using a case-control study design (Kane
and others 1996a). The findings of this study suggested that the use of regular toe
grabs increased the risk of suspensory apparatus failure or condylar fracture by
factors of 15.6 and 17.1, respectively. Rim shoes decreased the risk of both the

aforementioned injuries to one third of the levels in horses not shod with rim shoes.
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A smaller cohort study undertaken by Kobluk and others (1989) compared several
aspects of racehorse conformation and shoe type with the occurrence of MSIs.
Although there were no statistically significant conclusions, possibly due to the
relatively small sample size, the results were suggestive of an association between

higher hoof angles and a decreased risk of MSI.

1.2.9.4 Environment

1.2.9.4.1 Season

Rooney (1982b) identified the period between June and November as a time during
which there was an increased number of fractures and superficial digital flexor
tendon injuries, suggesting a seasonal influence, although no statistical analysis of
the data was undertaken. A three-fold increase in the risk of MSI associated with
racing during summer, compared with winter racing on three New York racetracks
was reported by Mohammed and others (1991). However, Hill and others (1986)
could find no significant seasonal variation in fracture or non-fracture injuries on the
same tracks studied by Mohammed and others (1991) five years later. A temperature
range of 40°F through the racing season was not associated with any increase or

decrease in injuries by Hill and others (1986).

1.2.10 Conclusions

Lameness in all forms and severities frequently results in both the temporary or
permanent exclusion of racehorses from training and competition. Injuries occurring
on exercise surfaces and during competition range from the very mild, through
varying degrees of severity but not life threatening injuries, to those that warrant the
humane destruction of the animal. Injuries involve ligamentous, muscular,
tendinous, articular and osseous components of the appendicular and axial
musculoskeletal system and may occur spontaneously or in association with a

traumatic event.
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The likelihood of sustaining a particular injury is influenced by numerous variables,
acting alone or in combination through complex interactions, often making direct
comparisons between results difficult. A number of epidemiological risk factors
have been reported to either increase or decrease the incidence of injury, the role of
others remaining poorly understood. The application of epidemiological principles
has allowed the simultaneous analysis of a large number of variables irrespective of
their interrelationships, allowing quantification of individual effects and eliminating

confounding influences.

As each period of exercise and competition undertaken by a given individual is
unique and involves the complex interactions of numerous variables, the
identification of all risks and prevention of all injuries is virtually impossible.
However, by identifying risk factors with the potential for human modification by
some form of intervention, the current high frequency of injuries sustained by equine

racing athletes could be reduced.

1.3 THE ULTRASONOGRAPHIC INVESTIGATION OF THE NORMAL AND DISEASED

EQUINE SUPERFICIAL DIGITAL FLEXOR TENDON

1.3.1 Introduction

Tendinitis of the equine forelimb superficial digital flexor tendon (SDFT) is a
common cause of temporary and permanent exclusion from training and
competition, affecting all types of equine athletes, particularly TB, SB and QH
racehorses. Of these, the NH hurdlers and steeplechasers are most frequently

affected.

Diagnostic ultrasonography has proven to be the most useful of a number of
diagnostic imaging modalities employed in the initial assessment and monitoring of

acute and chronic tendinitis. Treatment of SDF tendinitis is controversial and a wide
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range of medical and surgical procedures are currently utilised. Given the limited
success in treatment of acute tendinitis and relatively high recurrence rate, recent
research efforts have focused on the early detection of changes within the tendon

prior to gross fibre disruption.

1.3.2 Incidence of Superficial Digital Flexor Tendinitis

SDF tendinitis affects horses involved with all types of activities, but it is most
frequently reported as an injury of racehorses. The injury has been recognised and
documented for many years (Peters, 1940), although the aetio-pathogenesis is still
not fully understood. All ranges of severity exist, from mild, diffuse inflammation of
the tendon through to complete rupture or traumatic laceration of the tendon body

(Adams, 1987).

Although not a life-threatening injury per se, horses with complete rupture or
traumatic laceration of the SDFT are frequently euthanased, while many with SDF
tendinitis are forced to retire from racing prematurely. Peloso and others (1996)
reported that horses with SDFT injuries accounted for 42% of non-fatal, but career
ending injuries at racetracks in Kentucky, USA, over a two-year period. In contrast,
only 4.6% of fatal injuries involved the SDFT. However, the injury severity in each
category was not reported. An investigation into the fatalities occurring at Australian
racetracks, found 14% resulted from flexor tendon injuries of all types, the higher
figure possibly due to the inclusion of deep digital flexor tendon injuries. Ruptured
or severed tendons accounted for 12.3% of fatalities among horses racing on the flat
in the UK (McKee, 1995). The proportion of horses racing over jumps was even

higher, at 14.9% and 25.0% for steeplechase and hurdles, respectively.

Due to the nature of fatality studies, only the most severe injuries tend to be
included, involving rupture or laceration of one or both forelimb SDFTs. An
investigation into the cause of wastage amongst young flat TB racehorses by Jeffcott

and others (1982), reported 5.7% of diagnosed lamenesses during one season to be
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attributable to tendinitis, although which tendons were affected was not stated.
Rossdale and others (1985) reported the findings of an extension of Jeffcott’s survey
and found that an average of 10% of lamenesses, over two years, were the result of
tendinitis, again not specifying which tendons were involved. Wilson and others
(1993) reported 28% of forelimb injuries involved SDF tendinitis among a group of
mainly flat TB racehorses in the USA, while a recent symposium highlighted the
importance of SDFT injuries of all severities, reporting a frequency of between 0.58
and 0.94 injuries per 1000 starts on USA racetracks in 1992 (Wilson and others,
1996).

Although present at these frequencies among flat racehorses, SDF tendinitis is
generally considered to be of greater importance to horses racing over obstacles. A
survey of trainers in Sydney, Australia, involving horses competing on the flat,
found tendon and ligament injuries to be ranked only 12/35 in order of significance

by trainers (Bailey and others, 1997c¢).

Once a horse has sustained an injury of the SDFT, the increased risk of re-injury
adds to the difficulty in returning horses to racing long term. A survey of SDF
tendinitis among North American horses racing on the flat reported an incidence of
7% of horses developing an initial acute injury during one season, with a further 6%
of the horses suffering a recurrence of a previous tendon injury (Rooney and
Genovese, 1981). From a group of 73 NH and point to point racehorses in the UK,
35% suffered a recurrence of the initial injury (Marr and others, 1993a). Long-term
follow up of 164 cases of SDF tendinitis identified high rates of recurrence,
depending on the severity of the initial injury, treatment protocol and timing of
return to racing/full training (Genovese and others, 1996). The rate of recurrence
among the horses that were not returned to full race training for at least six months

post-injury varied between 55% and 82%.
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1.3.3 Diagnostic Imaging of the Superficial Digital Flexor Tendon

The primary means of assessing SDF tendinitis has, until fairly recently relied on
thorough physical examination and palpation of the affected tendon(s). However,
prior to the advent of diagnostic ultrasonography, a number of imaging modalities

were used to investigate the normal and abnormal SDFT.

1.3.3.1 Contrast Radiography

Verschooten and De Moor (1978) reported the application of air tendography to aid
in both confirming a clinically suspected diagnosis of tendinitis and also attempted
to quantify the severity of injury by measuring the diameter of the tendons and

related tissues at different levels.

1.3.3.2 Thermometry/Thermography

Webbon (1978a) reported the use of limb thermometry as a method of plotting distal
limb thermal profiles of normal horses, showing a high degree of similarity between
contra-lateral limbs. Palmer (1981) investigated the influence of coat pigment on
thermometric measurements, finding no significant difference between black and
white limb shades. The use of both infrared and microwave thermography has been
reported in the literature in the assessment of normal and diseased SDFTs
(Stromberg and Norberg, 1971; Stromberg, 1973; Marr, 1992; Turner, 1996).
Stromberg (1971) reported the occurrence of thermographic “hot spots” in horses
with acute tendinitis and also in clinically normal horses that subsequently
developed acute tendinitis. However, two horses with no clinical evidence of
tendinitis also developed equivalent temperature elevations, but did not subsequently
develop signs of injury. Unfortunately these horses were withdrawn from training at
this time. Had other imaging modalities been available, a more complete assessment
may have been possible, although the presence of sub-clinical tendon changes, as
identified from post-mortem studies of clinically normal SDFTs could in part

explain Stromberg’s findings (Webbon, 1978b).
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Microwave thermography has been used to document the profile of normal tendons
(Marr, 1992) and was found to have a sensitivity of 81% for the detection of SDFT
injury. However, as with limb thermometry a number of horses with no clinical

evidence of tendinitis also returned abnormal thermographic profiles.

1.3.3.3 Diagnostic Ultrasonography

Since the early 1980s equine diagnostic ultrasonography has become an increasingly
valuable tool for the assessment and quantification of soft tissue injuries involving
both internal and external body systems (Rantanen, 1986; Reef, 1991). In the context
of the equine SDFT, the ultrasonographic anatomy of both normal and diseased
tendons has been well documented (Pharr and Nyland, 1984; Spaulding, 1984,
Genovese and others, 1986; Hauser, 1986; Reimer, 1998). The ultrasonographic
appearance of the SDFT has been found to correspond well with different
histological and histo-pathological findings (Reef and others, 1989; Spurlock and
others, 1989; Nicoll and others, 1992; Marr and others, 1993b). The primary features
of diagnostic ultrasonography utilised in the assessment of the SDFT include cross-
sectional area (CSA) measurements and echogenicity (Genovese and others, 1997;
Reef and others, 1997). CSA measurements of normal and diseased SDFTs have
allowed the calculation of baseline values for normal tendons (Smith and others,
1994; Gillis and others, 1995a) and quantification of the effect of exercise on SDFT
size (Gillis and others, 1993; Gillis and others, 1995b).

Gray scale analysis of SDFT echogenicity has also been used in combination with
CSA measurement, in the examination of normal tendons (Martinoli and others,
1993; Wood and others, 1993), quantifying SDFT injuries (Tsukiyama and others,
1996) and during healing, as an aid in the management of injuries (Yovich and

others, 1995; Genovese and others, 1997).

Using multiple 2-dimensional ultrasound images of diseased tendons, Wood and

others (1994) reported the development of a technique for producing a 3-
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dimensional image of the SDFT. The resultant images gave excellent visualisation of
the extent of the lesions identified in both transverse and longitudinal planes,
although the practical application of this technique may be limited by the relative

complexity of 3-dimensional image construction.

1.3.3.4 Others

Although more commonly used in the imaging of bone and peri-articular soft
tissues, nuclear scintigraphy has proven useful in the assessment of certain ligament
and tendon injuries (Turner, 1996). The low specificity of nuclear scintigraphy,
combined with the superior soft tissue imaging ability of diagnostic ultrasonography
over scintigraphy, have limited its use in the investigation of SDF tendinitis.
Magnetic resonance imaging is another imaging modality that has been shown to be
an effective means of imaging acute tendon injuries, although imaging during the
healing phase of injury failed to identify in-complete repair of damaged fibres
detected ultrasonographically (Crass and others, 1992). Although used to image
injuries to equine limbs such as carpal bone fractures (Rantanen, 1996), the use of

computed tomography in the assessment of SDF tendinitis has not been reported.

1.3.4 Post-mortem Investigations

The accuracy of ultrasonography in the determination of tendon CSA and
identification of changes associated with tendon injury have been investigated.
Results of the comparison between ultrasonographic and post-mortem measurements
of normal SDFTs have shown good correlation (Smith and others, 1994; Gillis and
others, 1995a).

Marr and others (1993b) documented the ultrasonographic changes present in a
group of horses with both normal and injured SDFTs, reporting consistent changes
in echogenicity in areas of injured tissue, different stages of injury having different
patterns of echogenicity. Other studies using collagenase-induced tendinitis have

also reported good consistency between ultrasonographic and histologic findings
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(Spurlock and others, 1989). Quantitative assessment of injured tendons has also
been achieved using gray scale analysis of ultrasonographic images (Nicoll and
others, 1992), tendons with areas of fibre damage having a reduced mean gray scale

value.

Prior to the development of diagnostic ultrasonography in equine practice, the gross
and histologic appearance of the SDFT was documented (Webbon, 1977; Webbon,
1978b). Webbon (1977) reported evidence of discoloration, changes in fascicular
pattern and increases in tendon CSA in clinically normal horses. Further
investigation of the structural and biochemical composition of the tendon within the
areas of discoloration identified structural damage to collagen fibres, an increase in
type III collagen and increased sulphated glycosaminoglycan levels compared to the
peripheral regions of the same tendons (Miles and others, 1994; Birch and others,
1998). It has been hypothesised that degenerative changes occurring within the
central core region of the SDFT predispose to injury of the tendon, although no
attempt has been made to correlate the gross and histological appearance of tendons

with the occurrence of clinical disease.

1.3.5 Age-related Changes in the Superficial Digital Flexor Tendon

Webbon (1978b) reported histological differences in the SDFT with age, including a
decrease in cellularity around the mid-metacarpal region and changes in the extra-
cellular composition with age and between levels in the same tendon. More recent
investigations have confirmed the presence of age related changes in the SDFT
extra-cellular matrix, proposing that the appearance of different proteins in adults,
when compared to neonates, was in part influenced by functional requirements

(Jones and Bee, 1990).

Further investigations into age related differences have identified alterations in both
the physical and mechanical properties of the SDFT. The central core region most

frequently associated with the development of inflammatory lesions was reported to
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have a reduction in the crimp angle of collagen fibres with increasing age (Wilmink
and others, 1992; Patterson-Kane and others, 1997). These findings were thought to
be the result of the greater number of loading cycles undergone by the SDFTs of an
older horse. No statistically significant similar changes were detected in the tendon
periphery. In vitro studies of the biomechanical properties of the equine SDFT failed
to identify any relationship between age and CSA or echogenicity (Gillis and others,
1995¢c). However, the investigators did conclude that an increase in age was

associated with an increase elastic modulus of the tendon.

1.3.6 The Response of the Superficial Digital Flexor Tendon to Physical
Exercise

Shadwick (1990) reported the results of an investigation into the mechanical
properties of porcine flexor tendons. An increase in the elastic modulus of the digital
flexor tendons was found with age and also relative to the ipsilateral extensor
tendon, hypothesising an association between changes in mechanical properties of
tendons and exposure to different strains. The modulus of elasticity, a measure of the
ability of a tendon to increase in length in response to strain, was found to be fairly
consistent along the length of the SDFT in ten horses with clinically normal tendons
(Crevier and others, 1996). The effect of exercise on tendon metabolic activity was
investigated by Curwin and others (1988), the results suggestive of an increase in
collagen turnover, but not collagen content, in the gastrocnemius tendon of chickens,
in response to high level exercise. The workers concluded that this resulted in a
reduction in overall tendon collagen maturation. Similarly, exercised rats did not
have any detectable increase in tendon collagen content compared to non-exercised

controls (Tipton and others, 1975).

Changes identified in mice tendons in response to exercise included, in the short
term, an increase in tendon fibre CSA and number, although only the increase in
fibre numbers remained statistically significant in the long-term when compared to

the controls (Michna and Hartmann, 1989). In contrast, Patterson-Kane and others
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(1997) reported a decrease in fibril diameter in the central region of the SDFT, in
horses subjected to an extended period of training. These workers concluded that the
changes were the result of micro-trauma resulting from the exercise regime.
Ultrasonographic monitoring of a group of young TB racehorses revealed a trend
towards an increase in SDFT CSA and decrease in mean echogenicity during the
first four months of training (Gillis and others, 1993). Histological examination of
these tendons revealed an increase in fascicle diameter, relative to controls, as the
possible cause for the changes in CSA and echogenicity (Gillis, Meagher, Pool and
Stover 1992).

1.3.7 The Early Detection of Superficial Digital Flexor Tendinitis

Identification of alterations in the biochemical or ultrastructural composition and
appearance of the SDFT might allow the modification of an individual horse’s
exercise schedule in an effort to prevent the progression to acute fibre disruption.
Although no reliable method of achieving this goal has been developed, a number of
investigators have reported alterations in tendon parameters that were found to be
related to the subsequent development of tendinitis. Dow and others (1991) reported
the use of force plate analysis of the weight distribution between limbs of NH
racehorses. Alterations in weight distribution were detected among horses which

subsequently developed clinical evidence of tendinitis.

Microwave thermographic imaging of NH racehorses by Marr (1992) identified
abnormal patterns in the SDFT of two horses prior to the development of acute
tendinitis. However, a number of horses with no evidence of tendinitis during the
period of investigation also showed abnormal thermographs. More recently, Cohen
and others (1997) reported on the use of pre-race inspection of TB flat racehorses as
a means of identifying “at risk” horses. Using a combination of the results of
physical examination, historical information pertaining to previous injury and
changes from earlier examinations, Cohen and others (1997) found a strong

association between abnormal pre-race parameters and the subsequent occurrence of
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acute tendinitis. The odds of finding an abnormality prior to racing associated with
the SDFT, were 15 times higher among horses that subsequently developed acute

tendinitis compared to those horses that did not develop tendinitis in this study.

1.3.8 Bio-mechanical Investigation of the Superficial Digital Flexor Tendon

Increasing interest in the biomechanics of lameness has lead to the development of
equipment to determine the strains placed on the SDFT in vivo and in vitro. Lochner
and others (1980) implanted strain gauges into the SDFT and measured the effect of
changing hoof angle on the strain through the tendon, reporting no increase in strain
with increasing hoof angle. This study also documented the change in strain through
the phases of the stride, the peak strain being detected during full weight bearing
with the limb perpendicular to the ground. In contrast, Stephens and others (1989)
reported a slight increase in SDFT strain with increasing hoof angle, although this
was only detected at the trot. This and other studies reported an increase in
maximum strain in the SDFT with increasing level of exercise (Riemersma, van den
Bogert, Jansen and Schamhardt 1996). The maximum values of strain reported by
Stephens and others (1989), were 10.1% at the trot and 16.6% at the gallop.
Comparatively, Jansen and Savelberg (1994) reported total failure of the SDFT
occurred at a strain of 10.9%. These findings indicate that horses exercising at high

speed may be close to the limits of the ability of the SDFT to withstand strain.

The use of a pressure sensitive plate for the identification of changes in the pattern of
limb loading has also been investigated (Dow and others, 1991). As well as finding a
similar pattern in the distribution of forces through the limbs of un-injured horses,
these investigators also reported alterations in the pattern of force distribution within

limbs that subsequently developed clinically detectable evidence of SDF tendinitis.

1.3.9 Conclusions
The economic impact of SDF tendinitis to the equine industry results from extended

periods of absence from training and competition following injury, permanent
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exclusion from competition, in some cases involving humane destruction of
individuals and the cost of veterinary therapies and rehabilitation. With all these
expenses the likelihood of recurrence upon re-commencing training and competition

is still high.

Improvements in diagnostic imaging equipment, in particular ultrasonography, have
allowed prompt and objective initial assessment of injuries. Ultrasonographic
monitoring of healing tendons has provided valuable information in determining the

optimal time to return to training and competition.

Although there is some evidence to suggest that changes occur in the SDFT prior to
the development of acute tendinitis, the identification of a reliable indicator or
marker has yet to be achieved. Ultimately, the prevention of acute tendinitis is the
ideal goal. However, the current situation dictates that objective initial assessment
combined with prompt treatment be achieved, followed by regular monitoring of the
healing process, throughout the long period of rehabilitation necessary for this type

of injury.

1.4 DESCRIPTIVE EPIDEMIOLOGY OF EQUINE DEVELOPMENTAL ORTHOPAEDIC

DISEASE IN THE HUNTER VALLEY

1.4.1 Introduction

DOD is the term used to encompass a number of conditions affecting the axial and
appendicular bones of skeletally immature foals (Pool, 1993). Recent forums
(American Quarter Horse Association, 1986; Jeffcott and others, 1993; Mcllwraith,
1993a) have highlighted the need to define those diseases considered to be examples
of DOD (Pool, 1993) and also to standardise terminology for these conditions
(Jeffcott, 1993).
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1.4.2 Aetiology

Currently, the aetiopathogenesis of DOD is not fully understood and opinions differ
regarding the nature of the primary lesion. The relative importance of the several
putative epidemiological risk factors is also debated and these issues have been
investigated by a number of researchers. The American Quarter Horse Association
(1986) included a total of six disorders in their classification of DODs, including
osteochondrosis diseccans (OCD), physitis, acquired angular limb deformities,
subchondral cystic lesions, flexural deformities and cuboidal bone malformations.
However, this grouping excludes a number of conditions considered by others to be
manifestations of osteochondrosis (OC), such as cervical vertebral malformation,
juvenile arthrosis of the pastern joint, juvenile spavin and palmar/plantar proximal

phalanx (P1) fragments in SBs (Pool, 1993).

Probably the most widely studied DOD is OC in its different forms. The two current
hypotheses for the development of OC, irrespective of location or type, are that it
occurs due to the application of abnormal mechanical forces on normal or abnormal
physes, or due to the application of normal mechanical forces on abnormal physes

(Pool, 1993).

Heredity (Philipsson and others, 1993), nutrition (Cymbaluk and Smart, 1993;
Hurtig and others, 1993; Savage and others, 1993a; Savage and others, 1993b;
Savage and others, 1993c), birth date (Sandgren and others, 1993a) and foal
growth/size (Sandgren and others, 1993b), are factors implicated in the pathogenesis
of OC. Distinction has been made between idiopathic and acquired OC (Pool,
1993), the former involving lesions of unknown aetiology, probably multi-factorial,

the latter resulting from known disturbances such as nutritional imbalances.

Despite previous work, a major hurdle in the development to a greater understanding
of DODs is this confusion resulting from the classification of the number of

arguably distinct conditions under the same umbrella terms, such as DOD or OC.
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Attempts to identify patterns in the incidence of disease or determine associations
with possible risk factors can produce conflicting information where case definition
is inadequate. Confounding between different conditions or between factors which
may have an effect upon one, but not another DOD or manifestation of OC, can lead

to erroneous conclusions.

1.4.3 Investigative Techniques

To date, a number of study designs have been used in the investigation of DOD.
These include retrospective studies of clinical case material (Lindsell and others,
1983; Hoppe, 1984), cross-sectional studies of samples from a clearly defined
population (Grondahl, 1991), and prospective studies monitoring animals at specific
points during a study period (Carlsten and others, 1993; Sandgren and others, 1993b)
and assessing the long-term outcome (McIntosh and Mcllwraith, 1993).
Retrospective and prospective studies have also been combined to identify
associations between historical information relating to the disease and future

performance as an athlete (Laws and others, 1993; Mcllwraith, 1993b).

Case series are a frequently used method of collecting and presenting the results of
various treatment options for the different DODs. However, there is a paucity of
case-control or clinical trial/intervention studies, comparing the efficacy of one

treatment with another, or between surgical and conservative treatments.

Prospective cohort studies are an effective technique for assessing both the incidence
of DOD in a sample population and also for determining the long-term outcome of
the condition, irrespective of the treatment employed. This design also allows the
simultaneous monitoring of a number of potential risk factors over an extended time
period. However, because of the apparent relatively low incidence of some DODs,
such as OCD, and the inevitable loss of animals from the cohort, it would be
necessary to monitor a large sample of animals in order to identify a sufficient

number of cases for such a study to have sufficient power and for the findings to be
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of statistical as well as biological significance. This results in greater costs in terms

of finance and manpower.

1.4.4 Conclusions

DOD has been the subject of many small and large scale research investigations,
involving considerable financial investment over several decades, allowing a more
thorough understanding of the complex, multi-factorial aetiology and numerous

clinical manifestations of the disease.

Although some aspects of the occurrence of DOD are well documented, relatively
little data exists pertaining to the actual incidence of the various forms of DOD. In
order to ultimately reduce the incidence of a disease it is essential to have both a
thorough understanding of the aetiology and also to be able to quantify the extent of
the disease. In view of the reported perceived increase in incidence of DODs over
the last decade, it is imperative that future investigations are directed at quantifying
both the actual incidence and any change in the incidence of DODs, thereby

allowing the effect of any intervention on the incidence to be determined.
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CHAPTER 11

MUSCULOSKELETAL INJURIES AND ASSOCIATED
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THOROUGHBRED RACEHORSES
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CHAPTER 11

MUSCULOSKELETAL INJURIES AND ASSOCIATED EPIDEMIOLOGICAL

RISK FACTORS AMONG THOROUGHBRED RACEHORSES

2.1 INTRODUCTION

The occurrence of fractures among TB flat racehorses is frequently the subject of
investigation. However, the relationship between fractures and racing conditions is
usually the main focus of interest, with little consideration for the conditions under
which the horses train. As racehorses spend considerably more time undertaking
training exercise than actually racing, a prospective cohort study was designed to
investigate fracture injuries among TB flat racehorses while both training and
racing, focussing on variables associated with the training environment. The two

areas of investigation involved:

1. Quantifying the incidence of fractures among flat TB racehorses during training

and racing over a specific time period;

2. Identification of epidemiological risk factors associated with the occurrence of
fractures and in particular the effect of exercise conditions on the occurrence of

fractures in young flat racehorses.

The horses at two flat racing yards were monitored and records of all fractures
occurring during the period of investigation were obtained. Group 1 horses were
monitored for a one-year period from the 1* January 1997 to the 31% December
1997 inclusive, while Group 2 horses were followed from the 17" February 1997 to
the 30™ September 1997, inclusive.

2.1.1 Cohort Selection
The cohort was selected from the population at risk of fracture injury whilst flat race

training or competing in the UK on turf and/or all-weather surfaces. The population
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was defined as all TB racehorses registered for flat race training and eligible to
compete in 1997. Information was collated for all horses resident at each yard and

participating in the respective training program.

2.1.2 Case and Control Definition

Cases were defined as those horses sustaining fracture injuries during the period of
investigation whilst in residence at the respective yards. Fracture injuries were
defined as those diagnosed during the period of investigation resulting in lameness
sufficient to cause: the temporary exclusion from training and racing or permanent
retirement from racing competition or euthanasia on humane grounds, at any stage
within the study period following diagnosis of the fracture. Only those fractures
resulting directly from training and racing activities were included, those involving
accidental injuries sustained outwith the activities of the normal exercise programme

were reported, but were excluded from subsequent calculations.

Control horses were those horses that, during the period of study, did not develop
evidence of a fracture injury, as defined above, while resident and in training at the
respective yards. Some horses did not arrive at the yards until after the start of the
study period, and some departed prior to the end of the period. Some horses were
also absent from the yard for variable periods during the course of the investigation.
All these horses were included in the control group if they did not sustain a fracture

injury during the study period while resident at the yard.

2.2 MATERIALS AND METHODS

Due to differences in established data recording systems, training methods and
individual compliance of the trainers, there was some variation in the data collection
and recording systems employed and the detail of data recorded at each yard. All
information was entered and stored in a computer spreadsheet program, which was

also used during subsequent data analysis'.
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2.2.1 Measures and Statistical Methods Employed

2.2.1.1 Descriptive Statistics

Signalment and fracture injury data collected from each group was summarised in
tabular format and expressed graphically where appropriate. Calculations were made
from the total number of case and control days of exposure i.e. days in training at
each yard. Cases were included until the time of injury. All fractures were diagnosed
on the basis of a combination of clinical, radiographic and/or scintigraphic
examinations. As the method of confirming each diagnosis varied between cases, the
exact details relating to injury description and location showed some variation, e.g.
in some carpal bone fractures the actual bone(s) injured was not specified. The
distribution of injuries between racing, training and other activities was also

determined.

2.2.1.2 2-sample t-test and Odds Ratios
In order to determine the effect of age and gender on the occurrence of fracture
injuries in each group, 2-sample t-test analyses were performed and odds ratios were

calculated on each group’s data using proprietary software'?.

2.2.1.3 Comparison of cases and controls on different exercise regimes

Due to the summary nature of the data provided by the yards and because of sparsity
of data, it was only possible to present summary descriptive statistics. The average
time per horse expressed as a percentage of total time for each of the two groups for
cases and controls was calculated and compared by inspection; no suitable test exists

for these kind of summary frequency data.

2.2.2 Signalment
Name, official age on the 1% January 1997 and gender were reported for each horse.
All males were included in the same category irrespective of castration status, as in

some cases this changed during the period of investigation.

2.2.3 Distribution of Fracture Location
The location of each individual fracture was reported, differentiating between fore

and hindlimbs and identifying the region affected, although specific details
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regarding the exact nature of the fracture were not reported in some cases. Some
fractures involving the small carpal bones were classified as “carpal” fracture where

the specific bone involved was not reported.

2.2.4 Date of Injury

The total number of fractures sustained in each group during each calendar month
was calculated. The results were plotted together on the same graph, showing the
individual and combined totals and highlighting the difference in duration of each

study period.

2.2.5 Activity Prior to Lameness

From the records of each case, the activity immediately prior to the onset of
lameness, subsequently confirmed to be the result of a fracture injury, was
determined. This activity was classified as racing, training or any other activity. The
results from each group were tabulated and plotted graphically separately and
compared with the total number of cases and controls in each group and each group

total.

2.2.6 Injury Rate

The frequency of occurrence of fracture injuries per exercise day and per horse was
calculated for Groups 1 and 2 separately and when combined, by dividing the
number of fractures in each group by the total number of exercise days, or by the
total number of horses in the group. All pre-injury exercise days were included for
cases within the limits of each respective study period. Exercise days included both
racing and training days. The incidence of fractures sustained while either racing or
training was also calculated for the two groups separately and when combined

(number of fractures per racing or training day).

2.2.7 Frequency of Each Activity

A record of the daily exercise program for each individual was maintained by the
trainer. Information pertaining to the nature of the exercise surface, level of exercise
and distance or length of exercise period were recorded. For each of the two yards a

system of codes was designed to categorise the information recorded by each trainer.
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At the end of each period of study the information was converted into numerical

format using the coding system for Groups 1 and 2 separately (Tables 1 and 2).

On a number of days some subjects undertook more than one type of exercise,
resulting in a total of 20 different combinations of different exercise types. In view
of the small number of exercise days in each pair, some containing zero values, the
following combinations were grouped together in Table 1 (category 25): 1/8; 1/9;
2/8; 2/9; 4/9; 5/8; 7/9; 8/3; 8/4; 8/7; 8/9; 8/10; 8/21; 8/22; 8/23; 8/24; 8/28; 11/8;
12/8; and 19/9.

Using this daily exercise coding system, the total number of horse days recorded for
each exercise type and level was determined for the cases and controls in Groups 1
and 2. An exercise day included all activities that the horse undertook while present
at the respective yard, excluding being confined to the stable. The total number of
exercise and non-exercise days for cases was calculated for the period up to the time
of fracture injury. For the controls, the calculation included the full duration of the

respective study periods.
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Table 1. Daily activity/exercise categories and description of activity undertaken,

during the investigation of fracture injury occurrence, among a cohort of

Thoroughbred flat racehorses, while training and racing (Group 1).

Category Surface Description
1" ---  Absent from yard
2 El  2x 7 furlong canters
3 El 2 x5 furlong canters
4 El 2 x2.5-5 furlong canters (2 year old horses only), slower than "3",
distance increased through season
5 E1,LE2 1 x 7 furlong hack/canter, 1 x 12 furlong canter, 2 miles walk/trot
6 E1,E2 1 x 7 furlong hack/canter, 1 x 10 furlong canter, 2 miles walk/trot
7 E1,E2 1 x 7 furlong hack/canter, 1 x 5 furlong canter, 2 miles walk/trot
8 --- Up to 30 circuits of a circular pool, 40 minutes on horse walker
9 ---  One hour on horse walker
10 El1 1x 7 furlong canter on Sundays (2 year olds do 1 x 3-7 furlong
canter, increasing through season)
11 Gl 2 x 7 furlong canters
12 Gl 2 x5 furlong canters
13 Gl 2 x2.5-5 furlong canters (2 year old horses only), slower than "3",
distance increased through season
14 G1,G2 1 x 7 furlong hack/canter, 1 x 12 furlong canter, 2 miles walk/trot
15 G1,G2 1 x 7 furlong hack/canter, 1 x 10 furlong canter, 2 miles walk/trot
16 G1,G2 1 x 7 furlong hack/canter, 1 x 5 furlong canter, 2 miles walk/trot
17 ---  Walking exercise while training to wear tack
18 ---  Walking and trotting exercise on lunge line for approximately 45
minutes
19 ---  Free exercise in pen
20 El1 2 x 7 furlongs (1 canter/1 fast canter)
21 E1,E2 1 x 7 furlong hack/canter, 1 x 12 furlong fast canters (working
speed), 2 miles walk/trot
22 Gl  2x 7 furlongs (1 canter/ 1 fast canter)
23 G1,G2 1 x 7 furlong hack/canter, 1 x 12 furlong fast canter (working
speed), 2 miles walk/trot
24 + Walking and trotting exercise for one hour (one/two year olds
only), roads/dirt tracks
25 ---  Multiple exercises
26 * Race day
27 ---  Sunday (confined to stable)
28 + Walking/trotting exercise, 1 hour on roads/dirt tracks

Key: El =equitrack one E2 =equitrack two GI =grass one G2 = grass <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>