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ABSTRACT

Identification of risk factors for fatal distal limb fracture in racing Thoroughbreds.
Timothy D.H. Parkin

The number of equine fatalities on UK racecourses has been of concern for many years. Musculo-
skeletal injuries and specifically fractures of the distal limb contribute the greatest percentage of
these fatalities. The objective of the current study was therefore to identify the risk factors
associated with fatal fractures of the carpus, tarsus and distal limb sustained by Thoroughbreds
during racing. Two matched case-control study designs were used. In the first, horses sustaining a
fatal fracture were compared with three randomly selected, uninjured controls from the same race.
In the second, races in which a fracture occurred were compared with three randomly selected
races, in which no injury occurred. The races were matched on type and were selected from within
5 days of the case race. Affected and contralateral limbs were removed and transported to the
University of Liverpool for post-mortem examination. The anatomical distribution of fatal
fractures was also described and the accuracy of Jockey Club reports assessed. Conditional
logistic regression was used to model the odds of being a case horse or case race as a function of
the exposure variables. The Mantel-Haenszel procedure, for obtaining point estimates of the odds
ratios and Mantel-Haenszel Chi square tests, were used to screen for univariate relationships
between all independent variables and the likelihood of fracture. Multivariable conditional logistic
regression models were then fitted, using a forward selection procedure.

The majority of fractures (79%) were forelimb fractures with the right fore affected more often
than the left fore. The lateral condyle of the third metacarpus, the proximal sesamoid bones and
the first phalanx were the most common fracture sites. Ninety nine percent (100/101) of all fatal
distal limb fractures, which were reported to the Jockey Club, were enrolled into the study. In
addition to this, a further 9 cases were enrolled which were not included in the Jockey Club
database. Overall 71% of Jockey Club reports correctly referred to the bone regarded on post-
mortem as the primary reason for euthanasia. Flat turf racing was associated with the lowest risk
(0.4/1000 starts) and national hunt flat (NHF) racing was associated with the highest risk (2.2/1000
starts) of fatal distal limb fracture. Overall lateral condylar fracture of the third metacarpus was
the most common lesion. This was also true for national hunt type races (hurdle, steeplechase and
NHF), but in all weather and turf flat racing respectively, biaxial sesamoid and first phalangeal
fractures were most common. The risk of multi-site fractures, which involved more than one
bone, was greater in national hunt type races.

In the horse level case-control study the number of years in racing, distance galloped in training
per week and use of sand gallops were associated with the risk of fatal distal limb fracture. The
risk was higher for those horses in their first year of racing and for those doing zero gallop work in
training. However the effects of both these variables were best described as quadratic curves,
indicating that the risk may increase again for those horses that have been in racing for greater than
5 years and for those galloping more than 20 furlongs per week. Case horses were also twice as
likely to have used a sand gallop in their training, compared to control horses. Race video analysis
demonstrated the following: Fractures in flat races occurred at any time during the race, whereas
almost 75% (45/61) of cases in national hunt type races occurred in the second half of races. More
than 75% (79/103) of cases were spontaneous i.e. there was no obvious external influence such as
a fall at a fence or collision with another horse. Sixty six percent (44/67) of horses, sustaining a
forelimb fracture, fractured the forelimb they were using as lead leg at the time of fracture. When
case and control horses were compared, horses that were, a) making good progress through the
race, b) reluctant to start or ¢) received encouragement in the final 10 seconds before the time of
fracture, were more likely to sustain a fracture.

In the race level case-control study longer races and larger fields were associated with an increased
likelihood of fracture. A complex association between race speed and fracture was also identified.
Analysis of the data relating to turf races alone indicated that the likelihood of fracture might be
influenced by the quality of the ground. The number of days since the last race meeting at the
course and the going at that meeting were both associated with the likelihood of fracture.

This study identified a number of risk factors associated with fatal distal limb fractures in racing,
many of which are readily modifiable and as such recommendations have been made to both
trainers and racecourse managers which should reduce the number of equine fatalities on UK
racecourses.
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CHAPTER 1

Review of the literature, anatomy of the equine distal limb

and study design.



Review of the literature.

1. Epidemiology

1.1 UK surveys.

The number of fatalities occurring on UK racecourses has been monitored since
the inception of The Racecourse Equine Fatal Accident Scheme in 1970. This
scheme was first proposed at a Horserace Betting Levy Board conference held in
1967. Its original remit was to collect information about all injuries to horses on
racecourses. It soon became evident that the scheme needed to be modified to
record only serious or fatal accidents, as veterinarians at most racecourses were
already over burdened with work (Vaughan and Mason, 1975). In the first two
and a half years of this scheme 125 fatalities were recorded, but it was estimated
that this was only 50-60% of the true figure (Vaughan and Mason, 1975).
Analysis of these data shows that 63% (79/125) of fatalities were associated with
limb fractures, 53% (42/79) of which were distal limb' fractures. Distal limb
fractures therefore accounted for 34% (42/125) of all fatalities. Since the initial
work by Vaughan and Mason, further surveys have confirmed the importance of

distal limb fractures as a major cause of death in Thoroughbreds in the UK.

McKee (1995) analysed seven years of catastrophic injuries reported to the Jockey

Club between 1987 and 1993. Limb fractures were the most common reason for

euthanasia in all race types (61.4% in flat races, 39.3% in hurdle races, 41.0% in

steeplechases and 68.2% in national hunt flat races). The distal limb was the most

commonly affected site: ranging from 52% of limb fractures in steeplechases to

89% in national hunt flat races.
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In a study of fractures, rather than fatalities, the distal limb was affected in 49%
(119/245) of cases which occurred during training (Bathe, 1994). This figure
would have been greater had the case definition used by Bathe not included stress
fractures. Stress fractures accounted for the majority of fractures overall, but for

only 9% (11/119) of those affecting the distal limb.

A common feature of these three surveys is that they are descriptive case series.
They provide information on the distribution of factors such as age and sex
amongst the cases but provide no details of the distributions of these factors in the
underlying populations. The ability to compare information about injured and
uninjured horses is crucial, if one is to determine which factors are associated with
an increased or decreased risk of injury. To date there have been no such studies

of distal limb fractures in UK racing.

1.2 Studies conducted outside the UK.
In contrast to the UK, a number of analytical epidemiological studies have been
conducted in other countries, but these studies have drawn conflicting conclusions

about injuries suffered by racing Thoroughbreds.

In an early study, Haynes and Robinson (1988) compared 66 “breakdowns” with
132 uninjured control horses in Minnesota, USA. The term “breakdown” was
used as the case definition and horses were included in the study if they were
either euthanased, retired for breeding or were likely to miss 6 months of training

post injury. Two uninjured control horses were randomly selected from each race

' The distal limb, throughout the current work is defined as the regions of the fore and hind limbs
distal to and including the carpus and tarsus respectively.
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in which a breakdown occurred. Although no statistically significant results were
presented, the authors suggested that injury was more likely if the horse had run in
the previous 12 days or had fewer than 40% of their starts at the track where the

injury occurred.

In a retrospective study, Mohammed ef al. (1991) investigated “breakdowns” at
four racecourses in New York State over a period of 2 %2 years. Breakdowns were
defined as “horses that had not raced within 6 months of a muscular or skeletal
injury on the racetrack”. Three hundred and ten cases were identified from injury
records of all runners between January 1986 and mid 1988 and 620 controls were
selected from an alphabetical list of all runners over the same period. Multiple
logistic regression analysis was used to identify risk factors for breakdown, while
at the same time controlling for the effect of other potentially associated factors.
Factors associated with the risk of breakdown were; track (horses running on one
of the four tracks were at a lesser risk of breakdown compared to those running on
the other three tracks) and surface (turf tracks had a lower risk compared to dirt
tracks). In addition, fewer seasons in racing, fewer starts per year and summer

racing were shown to have an association with an increased risk of injury.

Peloso et al. (1994) studied four racecourses in the Kentucky region and identified
117 musculoskeletal injuries occurring between 1992 and 1993. The injuries of
51 of the 117 horses were classified as “catastrophic”. Horses sustaining
catastrophic injuries were compared with the remaining 66 injured horses. The

authors recognised the disadvantage of not selecting controls randomly but
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nevertheless suggested that shorter races with fewer turns were associated with an

increased risk of catastrophic injury compared to non-catastrophic injury.

The lack of consistency in these results may be explained by the differences in
study design and case definitions. The term “breakdown” was used by both
Haynes and Robinson (1988) and Mohammed ef al. (1991) but was defined
differently. In the study by Mohammed ez al (1991), cases included any horse
which had not raced within 6 months of a musculoskeletal injury on a racetrack,
whereas the definition used by Haynes and Robinson (1988) relied on a prediction
that a horse would be unlikely to train for the next 6 months. Peloso ez al. (1994)
defined cases, as catastrophic if the horse was euthanased because the racecourse
veterinarian deemed the likelihood of pasture soundness, post-treatment, to be
negligible. In all three studies, cases were identified from injury reports submitted
by racecourse veterinarians. The accuracy of reporting varies between
veterinarians and ideally one would validate their findings to ensure that case
definitions were consistent. Mohammed et a/ (1991) used past injury records to
identify cases, so the option to validate cases was not available. The studies by
Haynes and Robinson (1988) and Peloso ef al (1994) were prospective. Haynes
and Robinson (1988) did perform post mortem examination on 17 horses, thus at
least confirming diagnosis in these cases. Peloso et al (1994) however made no

mention of attempts to validate the cases enrolled into their study.

The method of control selection also differed greatly between the studies.

Deficiencies in this respect were recognised by Peloso ef al (1994) in that they

compared a catastrophically injured population with a less seriously injured
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population. Haynes and Robinson (1988) selected controls from the same races in
which that the injuries occurred, whereas Mohammed et al (1991) selected from

all runners at the same tracks over the study period.

More recently, several other groups have reported case-control studies, attempting
to identify risk factors associated with musculo-skeletal injury in Thoroughbreds:
(Bailey et al., 1997 & 1998; Cohen, ef al., 1997, 1999 & 2000; Estberg et al.,
1996a&b & 1998; Hernandez ef al., 2001). There has been more consistency in
study design and case definitions, as can be seen from Table 1.1, however
conflicting results are still apparent. Specifically two of the research groups from
the USA have produced results that highlight the continued uncertainty associated
with this area of research. Estberg ez al (1994, 1995 & 1996a) showed that
accumulation of greater distances of high speed exercise over a 1 or 2 month
period were associated with a higher risk for fatal skeletal injury while racing. In
contrast, Cohen er al (2000) reported that injured horses had undergone
significantly less cumulative high-speed exercise than control horses during the 1
or 2 months periods prior to the race in which the injury occurred. Cohen et al
(2000) suggest that the difference between the two studies may result from
inherent differences between the two Thoroughbred populations under
investigation. They specifically highlight the potential differences in training or
racing practices and in racing surfaces. It was also suggested that the use of
different measures to assess the level of high-speed exercise in the studies might
have resulted in contradictory findings. Although this may have explained a lack
of significance in one study compared to another it is extremely unlikely that it

would explain a reversal in the direction of the association.
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Another example of directly conflicting results can be seen when one looks at
associations between the quality of horse and risk of injury. Cohen et al (2000)
showed that better quality horses were more likely to be injured. They assessed
the quality of horse based on a published rating system and suggested that higher
ratings may have indicated faster speeds in previous races, possibly predisposing
to injury. In contrast, Kobluk et al. (1990) and Estberg et al. (1998) showed that
“problem rates” and risk of “catastrophic musculoskeletal injury”, respectively,
were greater in lower quality horses. Both groups suggest that poor performance
may be due to sub-clinical injury, which itself predisposes the horses to serious
injury. Kobluk ef al. (1990) conducted a cohort study with 95 horses over an 81-
day period and suggested that lower quality horses might have been at greater risk
because they tended to be exercised less intensively. They inferred that such
horses might not have been as well adapted to faster work, which may have

predisposed them to injury on the racecourse.

The differences in findings from previous studies may also be due to statistical
power. Studies with lower power are more likely to produce Type II errors i.c. a
failure to reject the null hypothesis when it is false (Kirkwood, 1988). In the
context of the level of high-speed work, Estberg et al (1996a) compared 64 cases
with 64 controls whereas Cohen et al (2000) compared 206 cases with 412
controls. The larger the sample size and higher case-control ratio in the work by
Cohen et al (2000) would provide greater power and a decreased likelihood of

Type II errors.
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The majority of previous work has focussed on flat racing, as it is this type of race
that predominates worldwide. In the UK however, more than a third of all starts
are in steeplechase or hurdle races and horses taking part in these races are
generally from a different population compared to those in flat races. Jump horses
tend to be older and undergo different training regimens designed to suit the speed
and distance of their races. The two types of race also take place under different
conditions, at different times of the year and it is therefore likely that risk factors
for injury are not the same. In addition to the different types of race, there are
other differences in the UK racing industry, which are likely to be associated with
injury risk. For example the vast majority of racing in the USA is done on dirt
based tracks whereas in the UK most is done on the turf. There are also
differences in shoeing regulations and the levels of medication allowed. Toe
grabs, which are widely used in the USA, are projections placed on the leading
edge of the shoes to aid grip. Kane ef al. (1996) identified an association between
toe grabs and an increased risk of fetlock breakdown injuries in racehorses in
California. Analgesic medication, authorised for use while racing in the USA but
not the UK, may mask the pain associated with sub-clinical injury thus potentially

increasing the risk of injury in the USA.

With no consistency in the findings, even within the same country, and with
potentially important differences in racing industries, it would be inappropriate to
assume that risk factors identified in studies abroad would be relevant to the
situation in the UK. It was for this reason that it was considered necessary to
carry out a case-control study of racing injuries in the UK to identify risk factors

that may be unique to UK racing.



2. Biomechanics.

Application of load to a bone results in deformation of that bone. As long as the
degree of deformation is within elastic limits, once the load is removed, the bone
returns to its original shape undamaged. Only when the degree of deformation
rises above a threshold limit does damage occur. This can occur in a single
extreme load, which results in complete failure (monotonic fracture), or after
repetitive lesser loads, which result in cumulative or fatigue damage, ultimately
leading to fracture (Riggs, 2002). The fatigue life of bone, i.e. the number of load
cycles it will withstand before fracture, is related to the degree of deformation at
each loading (Nunamaker ef al. 1990). The degree of deformation is dependent
on the size of the load placed on the bone and its ability to withstand that load i.e.
its stiffness. The magnitude of the load, in the case of the racehorse, is related to
the level and speed of training and racing (Rubin and Lanyon, 1982; Nunamaker,
1986; Davies et al 1993) and the stiffness of the bone is determined by its mass,
shape and micro-structural characteristics. The properties determining bone
stiffness can change, by way of modelling or remodelling, in response to the
mechanical environment that the bone encounters (Davies ef al 1999; Lanyon
1987 &1990; Riggs et al 1993; Sherman et al.1995). Training therefore not only
affects the magnitude of the load, but also the ability of the bone to withstand that

load.

The potential relationship between training and the likelihood of fracture has been
proposed to result from two separate scenarios. The first relates to horses that
take a break from a high level of training. Carrier ef al. (1998) showed that horses

were at significantly increased risk of humeral fracture within 24 days of return to



training, following a 2-month period without high-speed workouts. The aetiology
of such fractures is believed to be related to microscopic fatigue damage, the
formation of micro cracks (Martin ef al. 1996) and their subsequent role in the
development of stress fractures (Riggs, 1990; Stover ef al. 1992). There is
evidence that microdamage stimulates a remodelling response in bone i.e. removal
and then replacement of bone and that such remodelling may encourage the
development of more substantial fractures (Martin, 1995). The increased
porosity, due to the initial phase of bone resorption, decreases the stiffness of
bone and increases the strain within it. In turn this accelerates the accumulation
of microcracks therefore promoting further remodelling, resulting in a vicious

circle (Figure 1.1).

Figure 1.1 The development of fatigue and potential for fracture in bone, through
a repetitive circle of microdamage, remodelling and increased strain. (after Riggs
2002).
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It has also been shown, however that remodelling is inhibited in horses
undergoing higher levels of exercise (Rubin and Lanyon, 1985; McCarthy and
Jeffcott, 1992). This would suggest that a certain level of microdamage is

tolerated while bone remains under high levels of environmental stress and that
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development of stress fractures can equally be applied to the distal portion of
MCIII (Boyde et al. 1999; Riggs ef al. 1999a&b). Fractures of the condyles of the
third metacarpus are among the most common types of catastrophic fracture seen
on racecourses (Johnson ef al. 1994; Mohammed et al. 1991, Parkin et al. 2000,
Peloso ef al. 1994). An understanding of the underlying aetiologies of these and
other common fractures is therefore crucial. A combination of observational
epidemiological methods and an understanding of the response of bone to the
loads incurred during training will enable the development of intervention

strategies that reduce the number of racecourse fatalities.



Skeletal anatomy of the equine distal limb.

In the current study, the distal limb is defined as the regions of the fore and hind

limbs distal to and including the carpus and tarsus respectively.

1. The forelimb

The carpus is made up of two rows of bones. The proximal row comprises, from
medial to lateral, the radial, intermediate and ulnar carpal bones. Lying palmar to
and articulating with the ulnar carpal bone is the accessory carpal bone. The
radial, intermediate and ulnar carpal bones are the weight-bearing bones of the
proximal row. The distal row comprises, from medial to lateral, the first (often
absent), second, third and fourth carpal bones. The second, third and fourth carpal
bones are all weight bearing. The second carpal bone articulates with the radial
carpal bone proximally and predominantly with the second metacarpus (MCII)
distally. The third carpal bone articulates with both the radial and intermediate
carpal bones proximally and the third metacarpus (MCIII) distally. The fourth
carpal bone articulates predominantly with the ulnar carpal bone proximally and

with both the third and fourth metacarpal (MCIV) bones, distally (Figure 1.2).

Distal to the carpus are the second (MCII), third (MCIII) and fourth (MCIV)
metacarpal bones. MCIII is the primary weight bearing bone, as MCII and MCIV
taper to thin shafts, which end approximately three-quarters of the distance down

MCIII (Figure 1.3). The proximal parts of all three bones are fused together.
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Figure 1.2 Palmar view of left carpus (after Skerritt and McLelland, 1984).
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Figure 1.3 Dorsal view of left carpus and MCII, III and IV (after Dyce et al.

1987).
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The distal extremity of MCIII is divided into lateral and medial condyles by a
sagittal ridge (Figure 1.4). Each condyle is further divided into a palmar and
dorsal region by a transverse ridge. This surface articulates with the paired,

medial and lateral proximal sesamoid bones and the first phalanx (PT).

Figure 1.4 Distal end of left MCIIL.
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The proximal sesamoid bones are triangular in shape, with bases that face distally.

The dorsal surfaces articulate with the condyles of MCIII. Axially, the articular

surfaces of the proximal sesamoid bones form a groove, which accommodates the

palmar half of the sagittal ridge of MCIII (Figure 1.5). The palmar surfaces of the

Figure 1.5 Palmar view of left metacarpo-phalangeal joint (after Skerritt and
McLelland, 1984).
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proximal sesamoid bones tilt axially and are covered and connected by the thick
palmar ligament, over which the flexor tendons move. The abaxial surface of
each is slightly hollowed for insertion of the thick branch of the suspensory
ligament. The proximal articular surface of PI is hollowed and contains a sagittal
groove, which conforms to the sagittal ridge of MCIII (Figure 1.6). The distal end
of Pl is shaped as two condyles, separated by a shallow sagittal groove and

articulates with the second phalanx (PII).

Figure 1.6 Dorsal view of phalanges (after Skerritt and McLelland, 1984)
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PII is about half the length of PI and its proximal articular surface is hollowed
with a slight sagittal ridge. The distal articular surface is, as in PI, two condyles
separated by a shallow groove (Figure 1.6). Its articular surface extends onto the

palmar surface where it articulates with the distal sesamoid bone (Figure 1.7).

Figure 1.7 Axial section of phalanges and distal sesamoid bone (after Dyce et al.,
1987).
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The third phalanx (PIII) is wedge shaped with a pointed “toe’ approximating to
the shape of the hoof. PIII articulates with PII and its proximal articular surface is
very similar to that of PII. The palmar border of proximal PIII is extended and

also articulates with the distal sesamoid bone (figure 1.7).

The distal sesamoid bone is approximately rectangular in shape, with straight
proximal and convex distal borders. Its palmar surface faces the deep digital

flexor tendon (Figure 1.7).

































































































































































































































































































































































































































































































































































































































