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Simple Summary: Overall, the failure to finish rate in New Zealand, 2.88 per 1000 horse starts
(95% CI 2.64–3.12), was lower than international figures for race day catastrophic injury. Racing and
environmental variables such as horse experience, race distance and season were associated with
failure to finish a race. Catastrophic injury accounted for approximately half the failure to finish
events. Jockey falls were positively associated with less experienced jockeys and horses.

Abstract: The objective was to describe the incidence of failure to finish a race in flat-racing
Thoroughbreds in New Zealand as these are summary indicators of falls, injuries and poor
performance. Retrospective data on six complete flat racing seasons (n = 188,615 race starts) of
all Thoroughbred flat race starts from 1 August 2005 to 31 July 2011 were obtained. The incidence of
failure to finish events and binomial exact 95% confidence intervals were calculated per 1000 horse
starts. The association between horse-, rider- and race-level variables with the outcomes failure
to finish, pulled-up/fell and lost rider were examined with a mixed effects Poisson regression
model. A total of 544 horses failed to finish in 188,615 race starts with an overall incidence of
2.88 per 1000 horse starts (95% CI 2.64–3.12). The incidence of failure to finish horses across each
race year showed little variability. In the univariable analysis race distance, larger field size, season,
and ratings bands showed association with failing to finish a race. The overall failure to finish
outcome was associated with season, race distance and ratings bands (horse experience and success
ranking criteria). In the multivariable analysis, race distance and ratings bands were associated
with horses that pulled-up/fell; season, apprentice allowances and ratings bands were associated
with the outcome lost rider. The failure to finish rate was lower than international figures for race
day catastrophic injury. Racing and environmental variables were associated with failure to finish a
race highlighting the multifactorial nature of race-day events. Further investigation of risk factors
for failure to finish is required to better understand the reasons for a low failure to finish rate in
Thoroughbred flat races in New Zealand.

Keywords: horse; thoroughbred; horse racing; injury; jockey; falls

1. Introduction

In recent years, there has been much attention focused on the quantification of catastrophic
and musculoskeletal injury, and risk factors for these in Thoroughbred flat racing [1].
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Epidemiological studies have emphasised the multifactorial nature of musculoskeletal events and
the complexity of the issues in reducing the risk factors identified [2–5]. Furthermore, the pattern of
training, track surfaces, racing conditions and regulation (e.g., medication use) vary between racing
jurisdictions, resulting in different risk factors and rates of musculoskeletal injury worldwide [1,6].

Whilst variation between racing jurisdictions may prevent the application of a single global
solution, it does provide the opportunity to examine the moderating effects of the racing industry
structure on risk factors for, and rates of, injury. To fully interpret these moderating effects it is
important to describe the complexity and structure of the racing system within each jurisdiction.
Within New Zealand, the production process preceding race training (growth and development
leading to yearling preparation) and the training milestones leading up to the first race start have been
well described [7–10], including description of the tissue response leading to first trial start [11,12].
Annually 5562 horses contribute to the 31,488 starters during the season. Most horses enter race
training as two-year-olds and will race until the end of their five years old season. During a season flat
racing horses start a median of 5 (IQR 2–8) times over race distances of 1400 m (IQR 1200-1670, [12,13].
The temperate climate of New Zealand permits racing year round on approximately 50 different 1800 m
turf tracks. Despite the number of different tracks there is consistency in the general dimensions of
the tracks and the going of the racing surfaces throughout the season (few with the racing surface
classified as “fast” and the majority described as “good” or “dead”) [14].

The interaction of the production process with the progression through training [15], and the
subsequent influence attainment of these early milestones has on racing success and longevity further
emphasize the complexity of the racing system and the need to understand how variables limit
progression of the horse through the racing production cycle [16,17].

It is important to consider each event reported (race day injury, fracture, catastrophic
musculoskeletal injury) as part of an integrated continuum of the interaction of cyclic load (frequency of
high speed/gallop strides) and environmental challenge, and not as discrete entities [18,19].
The complexity of the interaction of cyclic load and tissue response is highlighted by the non-linear
and dynamic relationships of canter and gallop exercise accumulated during training with fracture
risk [20].

Racing and racing injuries could therefore be regarded as part of a complex system. A complex
system is a term used to describe how relationships between parts give rise to the collective behaviors of
a system and how the system interacts and forms relationships with its environment [21]. An example
of the complexity of the racing system was highlighted in a review article [22] with the example given
being the apparent greater risk of fatal musculoskeletal injury on turf rather than dirt races in the
United States, which may be compounded by the association of longer races on turf compared to
dirt [23].

Many racing jurisdictions present detailed racing event data from which the horses failing to
finish a race can be identified. As part of the rules of racing the Racing Integrity Unit are responsible
for producing a stipendiary stewards’ report for each race, detailing any events that occurred during
the race. Failure to finish data incorporate a spectrum of events ranging from jockeys “pulling-up” a
horse because it was failing to “run on its merits” and suspected injury through to catastrophic injury
and jockey falls. As such, failure to finish data provides a holistic system based measure that includes
components of racehorse welfare, jockey safety and confidence of the betting public. Thus failure to
finish provides an opportunity to screen the performance of a racing jurisdiction for the reliability and
consistency of racing.

There is little published information on the number of horses failing to finish races in New Zealand
or possible associations relating to horses not finishing races. Additionally, there appears to be limited
analysis of risk factors for failure to finish data in racehorse populations and there is an opportunity to
gain greater understanding of the events that occur during a race that prevent horses from finishing.
The aim of this study was to describe the incidence of failure to finish a race and investigate risk factors
for failure to finish events pulled up and lost rider in flat-racing Thoroughbreds in New Zealand.
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2. Materials and Methods

2.1. Data

A retrospective cohort study was used to investigate all Thoroughbred flat race starts in the
six years from 1 August 2005 to 31 July 2011; data were obtained from New Zealand Thoroughbred
Racing (NZTR). Data available included race date, race track, race number, race class, race distance,
track condition (or ‘going’), penetrometer reading, horse name, horse age, horse sex, trainer, trainer
location (city), finishing position in race, barrier draw (position in the starting gates), carded weight
(weight allocated by race handicapper), carried weight (carded weight less any apprentice weight
allowance) and domestic rating (analogous to the British horse racing “official rating” system).

2.2. Case Definitions

A horse start occurred whenever a horse entered the starting gate for a race and the gate was
released. Any horse involved in an incident that occurred prior to the release of the starting gate
and was deemed a late scratching (non-starter) by race day officials was excluded from the study.
A horse could contribute several starts and more than one failure to finish event over the study period.
Failure to finish occurred whenever a horse started in a race (i.e., the starting gate was released) and
failed to cross the finish line. Failure to finish was classified as: pulled up (when the jockey pulled
the horse out of the race), fell (when the horse fell during the race), lost rider (when the jockey was
dislodged from the horse), brought down (when the horse fell due to collision with another fallen
horse), and ran off (when the horse ran off to the outside of the racecourse).

2.3. Statistical Analysis

Data were structured for analysis in Microsoft Excel 2007 and Microsoft Access 2007
(Microsoft Corporation, Redmond, WA, USA) and screened for errors using exploratory data analysis.
Continuous data were assessed for normality using the Shapiro-Wilks test. The continuous variables
that were categorised into groups included: weight carried (quartiles), race distance (quartiles) and
field size (number of starters in the race) (quartiles). New variables were created for race year, season
(spring, summer, autumn, winter), field size and whether or not the jockey had an apprentice allowance.
Apprentice jockeys in New Zealand claim a weight reduction (allowance) on the handicap weight
of horses they ride depending on previous experience. Under current rules an apprentice that has
0–5 career wins claims 4 kg, 6–30 wins claims 3 kg, 31–60 wins claims 2 kg and 61–100 wins claims
1 kg [24]. Ratings were categorised based on the ratings bands recognised by the New Zealand
handicapping system. Within the rating system a horses is allocated a numerical rating reflecting its
relative performance and its eligibility to compete in differing classes/grades of races. The rating
is a dynamic measure of performance that is recalculated within two days of a horse’s most recent
race start [24] and is analogous to the rating system used by the British Horse Racing Board [25].
Domestic ratings were categorised into ratings bands as recognised by the New Zealand handicapper.
Ratings band 50–54 were maiden (non-race winning) horses, ratings band 55–65 included horses that
have won one race and two or more race winners with an extended run of poor form, ratings band
66–75 included most two win horses and three win horses with a recent loss of form and four or more
win horses with an extended loss of form. Ratings band 76–85 included most three and four win
horses and some open class horses with recent poor form. Ratings band 86–115 were open class (elite)
horses [24].

The incidence of failure to finish and corresponding binomial exact 95% confidence intervals were
calculated and reported as events per 1000 horse starts for all variables. Failure to finish events were
sub-categorised into a pulled-up outcome and a lost rider outcome. Poisson regression was used to
estimate incidence rate ratios (IRR) with 95% confidence intervals (95% CI) for the outcomes failure to
finish, pulled-up, and lost rider within the univariable analysis. Variables showing association (p < 0.2)
with the outcomes were analysed in multivariable mixed effects Poisson regression models (for each
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outcome separately) fitted in a backwards step-wise fashion. A postestimation goodness-of-fit test
was performed to test for overdispersion in each multivariable model using the Pearson chi-square
and deviance chi-square test, then a random effect for horse was added to each model to adjust for
clustering at the horse-level. Biologically plausible interaction terms were assessed in the final models.
A Kaplan-Meier curve was used to graphically present the failure to finish by race distance. Statistical
significance was set at p < 0.05 and analysis conducted in STATA 12 (StataCorp, College Station,
TX, USA).

3. Results

There were 188,616 race starts for 16,646 individual horses during the study period. The data
represented 6072 2-year-old starts, 43,228 3-year-old starts and 139,316 4-year-old and older starts.
During the study period the horses contributed a median of 7 (IQR 3–16) race starts. There were 544
failure to finish events providing an overall incidence of 2.88 per 1000 horse starts (95% CI 2.64–3.12).
There was little variation in the incidence of failure to finish between racing years. The lowest incidence
rate was 2.66 per 1000 starts (95% CI 2.13–3.28) in the 2009/10 racing year and the highest was 3.10 per
1000 starts (95% CI 2.52–3.78) in the 2007/08 racing year. There was no significant effect of horse age
associated failure to finish, and no significant difference between ages in the older horse category of
6 years old and older. Of the 544 failure to finish events, 507 (93.2%) horses had single events, 17 (6.2%)
horses contributed two events, and one (0.6%) horse had three events. Overall there were 269 (49.4%)
pulled-up, 72 (13.2%) fell and 179 (32.9%) lost rider events, other failure to finish events were brought
down (n = 17) and ran off (n = 7).

Univariable Poisson regression analysis of the failure to finish, pulled-up and lost rider outcomes
are presented in Table 1. Horses racing over a distance of 1671 m or greater were more likely to fail to
finish a race or be pulled-up compared to horses racing ď1200 m (Figure 1). Horses racing in fields of
12–13 runners and 14–18 runners had a higher rate of failure to finish compared to horses racing in
fields of 3–9 runners (Table 1). Race year, sex of horse, age of horse, barrier draw and race number on
card (order of race at the race meeting) were not significantly associated with failure to finish.
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Multivariable mixed effects Poisson regression models of variables significantly associated with
the outcomes failure to finish, pulled-up and lost rider are presented in Table 2. The Pearson goodness
of fit statistic for the failure to finish model was p = 0.86, for the pulled up model p = 0.09, and the
lost rider model p = 0.60, all indicating good model fit. Season, race distance and ratings band were
significantly associated with failure to finish. The failure to finish rate was significantly greater in
longer races compared to short races. There was a significant trend for with increasing race distance
(p < 0.001) with both failure to finish and pulled-up. There was a greater failure to finish rate in autumn
compared to spring, and at all rating bands 55 or greater compared to rating band 50–54. The rate of
pulled-up was significantly lower in rating bands 66–75 and 86–115 compared to rating band 50–54.

Table 2. Results of multivariable mixed effects Poisson regression models of the variables significantly
associated with the outcomes: failure to finish, pulled-up, and lost rider (adjusted for potential
clustering at horse-level), for all Thoroughbred flat race starts in the 2005/06–2010/11 racing years in
New Zealand (N = 188,615).

Variable Level Incidence Rate Ratio 95% CI Wald Test p-Value a LRT p-Value b

Outcome: Failure to Finish
Season Spring Ref 0.002

Summer 1.08 0.87–1.34 0.502
Autumn 0.7 0.55–0.89 0.005
Winter 0.82 0.63–1.05 0.117

Race Distance ď1200 m Ref <0.001
1201–1400 m 1.18 0.92–1.51 0.198
1401–1670 m 1.24 0.96–1.60 0.102
1671 m+ 1.73 1.36–2.20 <0.001

Rating Bands 50–54 Ref
55–65 0.79 0.63–0.99 0.042 <0.001
66–75 0.56 0.44–0.70 <0.001
76–85 0.65 0.48–0.88 0.005
86–115 0.53 0.37–0.76 0.001

Horse c 0.017
Outcome: Pulled Up
Race Distance ď1200 m Ref <0.001

1201–1400 m 0.88 0.60–1.29 0.517
1401–1670 m 1.26 0.87–1.81 0.218
1671 m+ 2.14 1.53–3.00 <0.001

Rating Bands 50–54 Ref 0.019
55–65 0.94 0.69–1.31 0.722
66–75 0.64 0.46–0.90 0.010
76–85 0.65 0.42–1.03 0.064
86–115 0.56 0.33–0.95 0.033

Horse d 0.009
Outcome: Lost Rider
Season Spring Ref <0.001

Summer 1.08 0.76–1.54 0.678
Autumn 0.56 0.36–0.87 0.009
Winter 0.54 0.34–0.87 0.011

Apprentice Allowance No Ref <0.001
Yes 1.78 1.30–2.43 <0.001

Rating Bands 50–54 Ref 0.004
55–65 0.59 0.39–0.87 0.009
66–75 0.48 0.32–0.71 <0.001
76–85 0.61 0.36–1.02 0.058
86–115 0.65 0.37–1.16 0.145

Horse e 0.005
a Wald Test p-value reported as a test for linear trend for continuous variables and ordered categories;
b LRT: Likelihood Ratio Test; c = horse level variance 0.54 (0.21–1.34); d = horse level variance 1.31 (0.59–2.92);
e = horse level variance 1.35 (0.64–2.86).

Season, apprentice allowance and rating band were associated with lost rider in the multivariable
model (Table 2). The rate of lost rider events was greater for apprentice allowances compared to no
apprentice allowance. Autumn had a significantly lower rate of lost rider events compared to spring,
as did rating bands 55–65 and 66–75 compared to rating band 50–54. None of the interaction terms
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were found to be statistically significant. No variables were found to be significantly associated with
the outcome fell within the univariable analysis.

The addition of the horse as a random effect improved the goodness of fit of the model.
The Poisson model was the best fit for the data rather than a negative binomial regression. The large
number of horses included as a random effect (n = 16,646) prevented the use of Cooks Distance to test
for model validity.

4. Discussion

Failure to finish data represent a broad category of events, including musculoskeletal injury, that
prevent a horse from completing the race, which does not appear to have been previously reported
within flat racing in New Zealand . The failure to finish rates reported in this paper would appear
low, and this is reinforced by consideration of international data on race day musculoskeletal injury,
which represented a component (~55%) of the New Zealand failure to finish records. Internationally,
within the literature, musculoskeletal injury reported on race day ranges from 3.1 per 1000 starts [26]
to 4.4 per 1000 starts [27], which is greater than the 2.88 per 1000 starts for failure to finish reported in
this paper. As the records utilised in this study were the official racing records it is unlikely that errors
in recording or failure to record events has contributed to this low rate. The restricted sampling frame
in this study of the racing event may mean that some data outside the racing event, such as the loss
of a rider prior to race start, provided some under reporting. It is reported that 47% of jockey falls in
New Zealand occur prior to the race start [28]. The data reported in this paper also represents all flat
horses racing within New Zealand across a number of years and thus should have minimal bias due to
the effect of racing location or seasonal/annual variations in data.

Compared to international studies there is also a low incidence of race day falls by flat race jockeys
in New Zealand (2.2/1000) [28] vs. 3.7–4.4/1000 for the United Kingdom/ Ireland and France [29]
and Australia (4.2/1000) [30], which supports the low failure to finish data reported here. Within the
lost rider multivariable model apprentice jockeys claiming a weight allowance were over represented.
This observation is in support of data reported out of Australia [31], where the rate of falls by apprentice
jockeys was inversely proportional to experience. The dataset did not contain jockey names only the
weight a horse was carded and the weight the horse actually carried during the race. This prevented
us from including jockey as a random effect within the model, and thus clustering of these events with
certain jockeys.

Season (Spring) and race grade (maiden/lower rating horses) were positively associated with lost
rider. The race grade effect was also supported by a study of predictors of jockey falls in flat racing
in Australia and followed up with the study on early career jockeys [31,32]. The season effect may
be due to the horses starting a new campaign in spring and the start of a racing career for young
and less experienced horses. Lower grade horses also generally have less racing experience and
thus are less predictable and tractable during race riding placing them at greater risk of interference.
The lack of interaction between the three variables (rating, season and apprentice jockeys) indicates
independent risk and not the presentation of the “perfect storm” of inexperienced jockeys riding
“fresh” and “excited” inexperienced horses.

Contributing factors to the low failure to finish rate may relate to the structure and the type of
racing within New Zealand. Racehorses within New Zealand typically run over 1400 m in races with
11 horse fields and have a median of 5 (IQR 2–8) starts per racing season [13]. These parameters
per se/individually are not uniquely different from other major racing jurisdictions with similar
range of field sizes and number race starts reported for flat racing horses in the UK [33] and
USA [34]. Distributions for race distances appear sparsely reported within the literature. Most racing
jurisdictions appear skewed towards sprint and the lower end of middle distance races, with a mean
of approximately 1 mile (1600 m) [23,30,35]. Given the relative international uniformity in many
of the racing production parameters reported the low expression of risk identified must relate to
some subtle interaction or moderating effect in the production parameters within the complex system.
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Greater detailed examination of the characteristics of the pattern of racing (changes in racing distance
and the timing of the race starts relative to each other) and training (possibly use of the non-totalisator
race starts (barrier trials) within the conditioning programme) may help elucidate why the lower than
expected rate of risk.

The apparent low level of race starts, despite a relatively low cost racing structure, may be due to
the use of trials (non-totalisator/qualifying races) by racehorse trainers in New Zealand for education
and in the final stages of race preparation. A cross-sectional survey of 2-year-old training practices
identified the use of trials for education and training milestones within this age group as well as a
strong emphasis in 2-year-old training being for education and conditioning purposes rather than with
the primary objective of obtaining a race start [10].

The presence of the rating band 50–54, which is associated with maiden and 2-year-old racehorses,
within the multivariable model indicated that despite these potentially positive characteristics of
New Zealand racing there is still an increased rate of failure to finish, and specifically lost rider,
associated with younger and more inexperienced horses. This pattern of greater risk with the less
experienced/lower grade horses has been reported with jockey falls in Australia [30]. Within the
Australian data there was an interaction of jockey experience with horse experience and lower grade
races which accentuated the risk, which was not apparent in our dataset.

Previous studies have shown that racehorse trainers in New Zealand provide horses with
voluntary breaks from training (a “spell”) in order to allow the horse time to “strengthen and
develop” [10,36]. The willingness of New Zealand trainers and owners to spell a horse may relate to
the structure of the racing calendar, which for most horses has a uniform pattern [37]. The consistency
of the racing offered throughout the racing season means that provision of a spell may delay a race
start but does not impact on the opportunity to have a race start in the appropriate grade/class of race.

Despite racing on turf tracks within a temperate climate, racetrack surfaces in New Zealand are
consistently reported in the good to dead range of going (61% of races, median penetrometer reading
2.3–2.7). It is only in winter that the median going decreases to heavy (penetrometer reading 4.3) [14].
However, even with moderate between season differences in rate of going there was a consistent and
limited within season variation in track condition. The consistency in racing surface may be due to
focused management at the track level, and at national level the scheduling of the pattern of racing so
that the free-draining tracks are used most in winter, which should provide a predictable and relative
consistent racing environment for both horse and jockey. The limited variation in racing surface going
within a race meeting and across the seasons may explain the lack of significant effect identified for
season or going within the multivariable models. The absence of fast tracks (less than 3% of races run
in a year) may also be a protective factor in relation to the reported failure to finish rate, as fast tracks
have been reported to be associated with an increased risk for race day musculoskeletal injury and
fracture [38,39] and race day falls [30].

5. Conclusions

Overall, the failure to finish rate was lower than international figures for race day catastrophic
injury. Racing and environmental variables such as horse experience, race distance and season were
associated with failure to finish a race, highlighting the multifactorial nature of race-day events.
Investigation of the biological and industry based drivers of the risk factors, particularly season and
horse experience are required to identify pragmatic management changes to reduce the risk of failure
to finish. Further investigation of risk factors for failure to finish is required to better understand the
reasons for a low failure to finish rate in Thoroughbred flat races in New Zealand.
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Simple Summary: Attempts to reduce horse-related injuries and fatalities to humans have mostly
focused on personal protective equipment like helmets. In organizational contexts, such technical
interventions are considered secondary to reducing the frequency and severity of accidents. In this
article, we describe the Workplace Health and Safety (WHS) framework that has been associated with
reduced risks in industries and organisations. We consider how such a framework could be used to
reduce horse-related risks in workplaces, as well as non-work equestrian competition and leisure
environments. In this article, we propose that the simplicity and concepts of the WHS framework can
provide risk mitigation benefits to both work and non-work equine identities.

Abstract: It has been suggested that one in five riders will be injured due to a fall from a horse,
resulting in severe head or torso injuries. Attempts to reduce injury have primarily focussed on
low level risk controls, such as helmets. In comparison, risk mitigation in high risk workplaces and
sports is directed at more effective and preventative controls like training, consultation, safe work
procedures, fit for purpose equipment and regular Workplace Health and Safety (WHS) monitoring.
However, there has been no systematic consideration of the risk-reduction benefits of applying a WHS
framework to reducing horse-related risks in workplaces, let alone competition or leisure contexts.
In this article, we discuss the different dimensions of risk during human–horse interaction: the risk
itself, animal, human and environmental factors and their combinations thereof. We consider the
potential of the WHS framework as a tool for reducing (a) situation-specific hazards, and (b) the
risks inherent in and arising from human–horse interactions. Whilst most—if not all—horses are
unpredictable, the majority of horse-related injuries should be treated as preventable. The article
concludes with a practical application of WHS to prevent horse-related injury by discussing effective
evidence-based guidelines and regulatory monitoring for equestrian sectors. It suggests that the
WHS framework has significant potential not only to reduce the occurrence and likelihood of
horse-related human accident and injury, but to enable systematic accident analysis and investigation
of horse-related adverse events.

Keywords: horses; people; risk; mitigation; safety; WHS; injury; deaths; workplace
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1. Introduction

Despite workhorses being largely replaced by machinery in the industrial era, horses have
continued to ‘work’ for humans. They are our athletes, entertainers and therapists. Horses aid
humans in law enforcement and agriculture, and take centre stage in racing. They are supported
by an equine industry serviced by human specialists: riders, handlers, trainers, coaches, farriers,
veterinarians, transporters and more. These humans are exposed to horse-related risks on a regular —if
not daily—basis. Although the risks to humans of interacting with horses are well known [1–5], there
have been no significant reductions in rates of injury or death over the past decades [6]. In contrast,
there have been significant decreases in injuries and fatalities in high risk workplace settings such as
mining and construction [7]. One significant difference between injury and fatality rates in high-risk
industry compared to high-risk interspecies interactions across the combined sport and leisure sectors
is Workplace Health and Safety (WHS). There has been widespread adoption and implementation
of WHS principles in industry [8], with a focus on improved risk management. Broadly speaking,
the same cannot be said for Australia’s horse industry where formal WHS application is inconsistent
and restricted to select sectors like Thoroughbred Racing. This may result from diversity; with
the equestrian sector including racing, sport, competition, recreation and leisure. Despite these
activities making a significant economic contribution to Australia [9], they are not immediately—or
equally—recognisable as workplaces. However, it seems prudent to consider if the application of a
WHS framework to horse-related interactions across the broad horse industry could provide the same
benefits in injury prevention and reduction that have been documented in other industries.

The aim of this article is to consider the potential benefits of applying a WHS framework to
horse-related interactions to (a) reduce horse-related risks, and (b) enable investigation of adverse
horse-related incidents. To determine the applicability of WHS to horse-related risks, we first discuss
the multiple dimensions of risk in human–horse interactions: horse, human, environment and
combinations thereof. Given its track record of reducing risks in workplaces, we consider how
applicable WHS is to human–horse interactions in work and non-work contexts. We determine that
the WHS framework can be easily translated to horse-related interactions. In fact, despite the WHS
framework being developed without explicit reference to animals, we identify particular potential for
WHS to address the inherent unpredictability commonly attributed to horses. Moreover, we identify
an additional role for the WHS framework in guiding horse-related accident and injury investigations.
To our knowledge, this is the first considered proposition for the usefulness of a WHS framework in
reducing horse-related human injury and fatality. This article suggests a research agenda that outlines
the empirical research necessary to evaluate our propositions and concludes with the challenge that
other high risk industries have reduced workplace injuries and deaths with WHS, so what’s preventing
equine from achieving similar results.

2. Horse-Related Risks

2.1. The Horse

The horse is considered an animal with a fight/flight instinct that humans spend many hours
trying to train, coerce and desensitize to any adverse external stimuli [10,11]. Horses intrinsically
are herd animals, with ‘leader’ and ‘follower’ instincts, having a mind of their own, which leads
to ‘unpredictable’ behaviours [12–14], although predictability is largely dependent on human–horse
knowledge and capabilities [5]. When placed in a situation where they feel threatened or insecure,
horses can display dangerous behaviours of running, biting, crushing or kicking [15]. Research has
determined that horses have a ‘fear memory’ that can be ‘turned on’ by human interaction, or may be
‘toned down’ (directed by a human) to enable the development of ‘trust’ [16–18]. Whilst there is more
to learn and understand about horses as a species that directly affects safe and successful human–horse
interactions [19], the majority of horse behavioural ‘problems’ are thought to be caused by equine
confusion or a lack of understanding between the human and horse [20,21].
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2.2. The Human

The degree of ‘risk’ that extends to horse riders or handlers can be affected by their own subjective
perception of their capability and ‘horsemanship’ skill. High perceptions of ‘self-efficacy’ [22,23]
could increase the likelihood of an injury or even death. A human’s level of horse experience and
knowledge can be defined by their age, the number of horse interactive hours, along with their type of
supervision and training [24,25]. When there is a deficit in one of these components, the likelihood of
harm increases [24,26–28]. A particularly important determinant of horse-related risk is the suitability
of horse and human combinations [29,30]. A mismatch at any stage during contact between the human
and horse could potentiate a negative incident. Moreover, competitive drives amongst professional or
ambitious equestrians can compromise their safety, in the form of ‘goal seduction’ [31,32].

Similarly, humans tend to devalue the importance of equine safety at point of sale [33], possibly
where sellers can be seduced by financial return. For example, human desire for financial benefit might
result in knowledge of undesirable horse traits and/or dangerous behaviours being withheld from a
buyer. Alternatively, it may result from a buyer’s desire to own a horse regardless of such concerns
(perhaps due to high self-efficacy in addressing them). More naively, selling unsuitable horses to riders
may be facilitated by a lack of buyer expectation and devaluation of safety.

2.3. The Environment

A key element in human–horse interaction may be the environment in which the connection
occurs. The environment may include the physical location and terrain, whether the area is confined
by barriers (fencing, yard or crush), weather conditions and the degree of visibility for the horse, rider
or handler [34]. Any one of these occurrences may affect consequence. If there is a distraction, other
animals, unfamiliar or loud noises or a change in routine, the environment is changed from its initial
state. Horses are very visual and reactive to changes in the environment as well as changes in the
appearance of other humans and animals.

The environment can be considered through the concept of an ‘affective atmosphere’ [35]. A poor
safety culture or environment in a workplace, can be described as untidy, having unfinished jobs
and where workers take risks or short cuts, with little or no communication, [36]. A positive safety
culture evolves from the combination of both individual and group efforts towards values, attitudes,
goals and proficiency of an organisation’s WHS program [37–40]. The type of safety culture that
exists at a workplace is determined by a broad, organisation-wide approach to safety management.
A safety conscious manager empowers workers to prioritise safety, which translates into a safer work
environment. Therefore, the feelings and behaviours of humans can determine the type of environment
that is displayed and generated [41].

3. What is Workplace Health and Safety? WHS

All humans should have the right to be safe, maintain good health and enjoy life. This right
extends to a workplace setting, with a belief that a worker can go to a work, perform their assigned
duties and return home safely, injury free. This ideology will only be successful at work if all
stakeholders (workers, employers, suppliers etc.) are thinking ‘safety first’, planning for unforeseeable
events that cause harm and implement systems to manage harmful exposures. At its simplest, WHS is
a set of ‘processes and standards’, mandated by legal obligations, that workers are expected to follow
to promote and maintain their personal health, safety and welfare and that of others. WHS legislation
defines the context of work for a person who conducts business or undertaking, whilst providing
stakeholders with a clear understanding about their obligations (duty of care) and the consequences
for neglecting them [42]. Furthermore, WHS legislation prescribes the need for those in control of a
workplace to provide safe premises, safe machinery/materials, suitable training, supervision, work
environment and facilities, supported by safe systems of work [43,44].
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Many countries have adopted a regulatory WHS framework to assist workplaces in meeting
their obligations and keeping workers healthy and safe. If safe work systems are adopted that are
easily understood, workers and their families have more financial security, unencumbered by injury
or death. By using a predetermined and industry specific WHS framework, employers benefit from
uninjured workers through improved productivity and lost time at work. Some of the items in a
WHS framework include the provision of defined policies, procedures and clear processes for worker
communication and participation about their own work practices and safety. Providing workers with
the opportunity for training and skills development, ensuring proactive risk management practices are
implemented and monitoring, measuring and reviewing workplace activities. Items within the WHS
framework require mandatory compliance. However, each workplace has the opportunity to develop
and adopt their own set of processes to demonstrate ‘due diligence’ and compliance as reasonably
practicable [45–49].

Horses as ‘Working Animals’: Working Horse Safety

In Australia, the majority of notifiable deaths and serious injuries each year occur in what
Australia’s WHS regulator classifies as the top five ‘high risk’ workplaces: Transport, Agriculture,
Construction, Mining and Manufacturing. All of these industries have a legislated ‘duty of care’ with
designated accountabilities and responsibilities for WHS, including mandatory compliance using a
suitable risk management approach. In 2014, Australia reported 20 work-related traumatic injury
fatalities due to falls from a height, with Agriculture being rated the second highest contributing
industry with ‘horse related’ human deaths accounting for three (SWA, [50]). Many other potential
accidents are prevented, due to suitable training in the use and maintenance of equipment, farm plant
and machinery. Likewise, ‘working horses’ require maintenance of their hooves (‘tyres’), general health
and nutrition (‘fuel’), with knowledge of their level of education and training (‘fit for purpose use’).
However, horses are not explicitly classified as a ‘tool of trade’ when used in Agriculture. It would
appear that the ‘risk’ of human injury resulting from horses at work, the importance of record keeping
and information seeking about this ‘working animal’, is given less attention when compared to other
high risk workplaces that reply on suitable and safe work equipment. Recognising this oversight
provides a significant opportunity to improve how horse-related risks are managed in work and
non-work situations. In particular, there is a need to explicate how horses and horse-related injuries
‘fit’ within industry and understand the legal obligations that result from any classification.

In general, prosecutions for any offence against WHS legislation have identified that a ‘duty of care’
is owed to a person due to the nature of the worker and employer relationship. Examples of human and
horse work arrangements include cowgirls/jillaroos and cowboys/jackaroos working on cattle stations
and feedlots, as well as stable hands, polo grooms, track work riders, animal transporters, coaches and
instructors. When engaging a ‘worker’ either paid or unpaid, WHS law usually prescribes compliance
with a set of risk management responsibilities, such as suitable training, supervision, consultation,
monitoring and the implementation of hazard controls. In the case of human–horse interactions,
all horses can be considered as workers, attended to by small to large hosts of human workers.

To date, attempts to reduce injuries amongst this human workforce have focussed on technical
interventions such as back protectors, inflatable vests and frangible pins that reduce the risk of
rotational falls at fixed obstacles [26,27,51,52]. However, technical intervention is not considered the
most effective means of reducing injury [53]. Wearing a helmet is the ‘lowest’ or ‘least’ effective form
of risk control within the WHS ‘Hierarchy of Controls’ [54–57]. Moreover, helmets generally only
apply to riders (not handlers), who may only wear them when they are compulsory, such as during
competition [58].

Many researchers have identified a need for attention to shift from a preoccupation with incident
data to risk management and injury prevention [59–62]. More information is needed to identify
the variances in human ‘risk perception’ [63] and the ‘beliefs’ that shape human behaviour and the
environment in a variety of equine activities. This has commenced with preliminary studies on risk
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perception and the socio-cultural dimensions of risk amongst equestrians [5,58,64]. However, there
has been no evaluation of the potential benefits of applying WHS principles to prevent and reduce
horse-related injury and fatality. This is surprising, given that coronial findings and case law have
identified the exact kinds of horse-related risk contributors that a generic WHS framework could easily
prevent; an inability to recognise the level of risk; an unsuitable match of horse, rider or handler; and a
lack of appropriate levels of supervision and training [65–67]. Whilst the ability for a WHS framework
to introduce regulatory compliance is clear, how else might it systematically reduce horse-related risks?
In the following sections, we consider how a WHS framework can be applied to human and horse
interactions. We note its simplicity of documentation; procedures and reporting; risk assessment; skills
assessment; training and supervision; and structured communication.

4. Applying the WHS Framework to Horse-Related Human Injury and Fatality

4.1. Documentation, Procedures and Reporting

To assist in reducing workplace injuries, standardization of safety processes is necessary.
Standardization promotes organizational consistency and details requirements for best practice
performance, whereby it then becomes the ‘backbone’ to continuous systems improvement. Moreover,
a standardized WHS system assists an organization or industry to identify what information
needs recording and monitoring to reduce human exposure to potential hazards. Clear, concise
documentation, procedures and reporting processes support humans to rationalize critical safety
decisions. A WHS system also provides ‘evidence’ for those making safety judgments in the event of
an incident, whereby demonstrating ‘due diligence’ [68,69].

For human–horse interactions, ‘due diligence’ can be achieved by implementing inspection
checklists of rider/handler equipment; noting and reporting environmental conditions; formulating
safe work procedures; assessing equine level of ‘risk’; determining rider/handler capabilities and
maintaining training records. All of these processes provide consistency and communicate any
changes that may occur [70,71]. Having a structure for equine workers to follow promotes group
cohesiveness. Furthermore, it identifies who is responsible and accountable for what; enabling a
reporting mechanism for near miss events, injuries, hazards and highlights areas for WHS systems
improvement [72]. In directing and documenting delegated worker duties and activities, a WHS
system evolves, forming a framework for the production of safer human–horse relations.

4.2. Risk Assessment

In a generic WHS framework, risk assessment refers to identifying hazards such as equipment or
plant. In the case of horse-related activities, horses are also a hazard, albeit one with significantly more
autonomy and capable of exercising their own will in unpredictable ways [73]. The Victorian Injury
Surveillance Unit at Monash University in Australia classified horses for the purpose of data collection
as being a form of farm transport [74], Also, some WHS prosecutions suggest horses may ‘fit’ within
the workplace during human–horse related undertakings.

From this perspective, proactive equine Risk Management (RM) [75] is about identifying, assessing
and managing relevant risks prior to and during human and horse contact. A horse assessment
may capture dangerous behaviours elicited during an exposure to various stimuli and situational
circumstances, with the assessment occurring during a variety of conditions [76]. Earlier studies with
similar assessment criteria are those measuring a horses response to ‘human approach’ [77], testing
‘social separation’ responses in a horse [78–80] and ‘bridge testing’ when a horse and handler cross
over a novel surface [81–83]. Other scientific horse studies have measured physiological heart rate (HR)
responses to various stimuli and challenging situations [84,85], however these are not easily measured
and present some ambiguity given an increase in HR generally links to an increase in physical activity.
A more complex horse assessment similar to a ‘novel object test’ [78,82,86] with a combination of
assessments is needed for consistency.
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Risk assessment should commence when a human first approaches and makes contact with a
horse. The aim is to identify what positive and negative behaviours a horse displays during ground
work activities such as catching, tying up, picking up feet, lunging, and during preparation for riding.
To identify the suitability of a horse, an experienced handler/rider may perform a ‘test ride’ [87,88].
This allows for the observation and anticipation of undesirable behaviours and changes in the horse’s
response whilst exposed to a variety of stimuli and obstacles. The degree of change in the horse’s
response can give a subjective indication as to its level of sensitivity or de-sensitivity. Measuring a
horse’s response, whilst it is in contact with various obstacles and activities could give the rider an
indication of how risky this horse may be during future human contact, and for what kind of rider
it is most suitable. This process provides an RM platform, to identify a risk rating for a horse e.g.,
low, medium, high or unacceptable, thus providing an indication of how risky this horse may be [89].
Based on these practical horse assessment guidelines, WHS may provide ‘reasonably practicable’
insight into a foreseeable or unplanned event during human and horse interaction, whereby limiting
harmful exposures that may not otherwise be accounted for. However, further scientific research is
needed to identify validated and reliable tools that can be used in the field along with an audit of
pre-existing tools.

4.3. Skills Assessment

Skill matching to assigned activities can save lives, but in equestrian environments, making
appropriate decisions about horse/rider combinations requires more than just an assessment of the
horse. A similar assessment of the level of skill and ‘horsemanship’ of riders and handlers should
also be undertaken [87]. This type of assessment would be based on determining a human’s level
of competency in performing a required task or activity. This process is used in other workplaces
where assessing a worker’s ability to perform the inherent demands of a job promotes a suitable
match [90,91]. Furthermore, it identifies a workers capability to perform their duties safety, to
determine if they require further education, training, supervision or a change in job task [41]. In equine
workplaces, a handler/rider could demonstrate their practical skills in handling and riding a horse in
a controlled environment.

Similarly to a horse assessment, the human would show their level of skill in approaching a
horse safely, tacking-up a horse in preparation for riding, riding the horse through a series of activities
and obstacles in various environments, before ceasing their interaction with the horse [92]. A set of
parameters defining beginner skill level to an advanced rider would be tabled using similar activities
to support more reliable outcomes. The assessor can determine a handler/rider level of competency
when they either start to show unsafe horsemanship and the assessment is ceased or they reach a
pre-determined level successfully without signs of incompetence.

4.4. Training and Supervision

The WHS framework supports competency based training regimes as the most effective method
to produce safe outcomes in work performance [93–96]. It is only through training, supervision and
experience that humans learn the skills necessary to make safe decisions, whereby protecting them
from unnecessary work and non-work related injuries and deaths. Sharing experiences and relevant
information maintains open channels for workers and others to address issues as they arise. Through
demonstration of job activities, assessment and adequate supervision, a worker can improve their level
of skill which results in better performance and reduced risk taking behaviors [97]. Training regimes
approved by accredited training organizations such as Australian Skills Quality Authority (ASQA)
are rarely disputed. Due to regulatory monitoring of training delivery and certification requirements,
there is some level of reassurance that when a worker obtains a license, skill or qualification there is
both visual and documented evidence that this is so.

In contrast, equestrian activities have a long history and are subject to many different philosophies,
applications and cultures [98–103], as well as different types of horses with their own dispositions [29].
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There is no single, agreed upon approach to interacting with horses, let alone a shared understanding
of the ‘safest’ ways to interact. Indeed, it is easier to talk about equestrian sub-cultures and
their conflict—such as classical equitation [104–106], modern equitation [29,64,107–117], natural
equitation [99,101,102,118] and scientific equitation [20,119–122]—rather than an unchallenged
equestrian culture. Current practices differ, are resistant to change, are antiquated or may have
become dislocated from their original conditions. Some serve no other purpose than aesthetic pleasure,
such as high school dressage, the purpose of which is frequently justified in relation to obsolete
practices of military riding and clearing the ground of foot soldiers. Whilst the burgeoning field of
equitation science is making significant progress in providing an evidence base to understanding
equine ethology and identifying its implications for safe human–horse interaction, the existing WHS
framework could be readily implemented to ensure that horse-related training and supervision is
established as commonplace and subject to regular review.

To ensure effective training programs for safe horse handling skills, an individual training
plan [123] needs to be developed, especially with workers engaging horses. This would include
recognition of demonstrated prior knowledge and skill, forming a current assessment of handler/rider
ability, and developing a plan to increase skills to a more advanced and unsupervised level. The process
of learning would commence with a foundation in safe approach and handling of a horse (demonstrated
on horses with a variety of handling experience, in confined and open spaces, over a designated
duration), and discussion to identify underpinning knowledge relative to various horse-related
activities. This would be followed by a rider validating their perceived level of riding skill in a
controlled environment, progressing as deemed safe and competent to higher levels of demonstrated
rider ability involving precision, control and completion of assigned activities [124]. Where a rider
exhibits unsafe and/or inadequate skill, further training and supervision would be required to
promote a riders ability to achieve an assigned task. For example, in the job of mustering cattle,
if the skill level of a rider was rated at a lower level, they would ‘tail a herd of cattle’ where they
are positioned riding at the rear and under supervision. As the riders’ skills increased they could
‘turn back cattle’ (retrieve those that escaped the herd) and eventually, as an advanced rider, ‘lead
the herd of cattle’, being positioned up front. In any workplace where a duty of care exists between
an employer and its workers (paid or unpaid), WHS legislation applies. The equine industry is no
exception. The duty of keeping workers ‘healthy and safe’ (as reasonably practical) is clearly tabled
by defined statutory duties (accountabilities and responsibilities) embedded within the WHS Acts
and Regulations [125–127]. Where this mandatory obligation applies, every horse and human activity
deemed as a work undertaking or workplace would benefit from the legal defense of using a WHS
framework with a documented safety management system.

4.5. Structured Communication

Consultation and communication is a legal requirement and an essential part of managing safety
risks. In order to achieve a safe workplace, everyone involved needs to communicate with each other
to identify hazards and risks, talk about safety concerns and work together to find solutions [128,129].
Communication assists an organisation by drawing on the knowledge and experience of its workers,
enabling more informed decisions to be made about how work should be carried out safety [130].
For communication to be successful, it needs to be easily understood, relevant and ‘effective’.

Developing ‘safe’ human–horse relationships requires the views of others being heard and greater
co-operation and trust. Communicating important safety information such as poor horse behaviours,
risks when handling or riding horses, rider capabilities, and/or emergency stop preparedness, prior
to and during horse and human interaction will promote the delivery of a ‘best practice’ model.
It provides feedback to support value added training programs, enhances safety awareness and
promotes a ‘safety first’ culture. For example, making time to discuss horse health gives an opportunity
to understand adverse horse reactions to pain or discomfort [131]. Prior to any horse and human
interaction, communication may be relayed by a daily meeting, to generate discussions on pre-existing
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horse conditions, horse performance or health care needs (teeth, farrier, worming) and future
management, similar to the patient handovers undertaken in hospital and care settings [132–134].

Communication can take the form of verbal informal chats; record keeping of horse health and
treatments; evaluating a horse’s response to different activities; group discussions about exposures and
handler/rider activities. Noting or reporting any subtle changes in a horse’s usual behaviour and herd
responses are keys to managing safe horse and human interactions where this dynamic relationship is
ever changing.

5. What Can We Do about What is Missing in the Equine Industry?

Every human has a ‘duty of care’ to one another, be that directive under Common, Civil or WHS
law. The obligation is to demonstrate ‘due diligence’ and work to improve horse-related human
injury or death by identifying suitable and plausible risk mitigation strategies. In Australia, ASQA
has audited all horse related courses delivered nationally to ensure course competencies and training
providers are maintaining ‘due diligence’ [135] (unpublished work). This is one step in the right
direction, but more can be done to deliver better and safer equine safety and training standards,
especially in those human–horse interactions that are not delivered by an ASQA accredited Registered
Training Provider (RTO).

This article proposes that a WHS framework has significant potential to reduce horse-related
injury and fatality in work as well as non-work contexts. One novel proof of concept is to use the WHS
framework to structure a systematic review of horse-related human deaths where there are multiple
sources of information that make it possible to: (a) reconstruct the event; (b) conduct a root cause
analysis [136,137]; (c) identify key points at which a WHS framework was absent; (d) retrospectively
reconstruct the event with the recommended WHS framework in place; (e) compare the hypothetical
outcome with the actual event; and (f) identify improvements to prevent future incidents. By using
investigative tools like root cause analysis and pre-event incident exploration, it should be possible
to identify predisposing factors to the incident and theoretically consider what preventative safety
measures could have been adopted, and should be routinely maintained. Having access to coroners’
reports, interviewing consenting injured parties and analyzing accident information against a safety
standard (e.g., AS/NZ: 4801, ISO1400 or WHS Legislation) will provide valuable information about
imminent ‘risks’ during horse and human interaction.

Further empirical research is required to determine how translatable a WHS framework and
its benefits are in reducing horse-related human injuries and deaths in non-work environments.
Such research will be essential to identifying areas of necessary adaptation or extension, barriers
for implementation and resistance from the target audience, and existing fora to promote safety
awareness education and initiatives. There is also a particular need to identify best practice industry
role models [58], as future practical initiatives may benefit from involving those already implementing
WHS successfully in work environments (e.g., Thoroughbred Racing) with participants in the non-work
equine sector (e.g., as Pony Clubs).

6. Conclusions

The above discussion suggests that a WHS framework can support a reduction in horse-related
human injuries and deaths through documented procedures and reporting; risk assessment; skills
assessment; training and supervision and improve safety culture in the equestrian industry. By being
‘risk aware’ of the inherent dangers with horses and taking conscious steps to reduce harm, horse
handlers and riders can become insightful and responsible, therefore endorsing safe behaviors that
stimulate a proactive equine safety culture [40,138]. As such, a WHS framework has significant
potential to reduce the risks inherent in, and arising from horse and human interaction, regardless
of whether they occur in work, private, public, amateur or professional contexts. It could also pave
the way for improved education and behavior change strategies, especially to overcome any fatalistic
acceptance that horse-related human injuries and deaths are inevitable [40].
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Given that there is a pre-existing framework of WHS that has had demonstrated success in other
work contexts, any form of complacency around horse-related human injury and fatality is inexcusable.
But how do we anticipate and ever hope to reduce horse-related human injury and fatality when equine
associated legal obligations are still un-prescribed, with no best practice guidance or enforcement
of safety principles? Moreover the problem remains; where do horses fit into in current WHS law
amongst specific definitions such as ‘plant’, ‘structures’ and ‘substances’. This omission and failure of
a clear definition of a ‘working animal’ (e.g., horses) used at work or during human–horse interaction
in a work setting leaves this high risk activity open to interpretation.

Therefore, there is a pressing need for the adoption of minimal and consistent standards for
qualifications, training, supervision, consultation, monitoring and the implementation of hazard
controls in accordance with a defined hierarchy. Given the evidence that WHS has assisted in the
reduction of work-related injuries and deaths, it seems sensible to take advantage of an established
framework to guard the lives and livelihoods of those working, playing and competing with horses.
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Simple Summary: The negative effects of fireworks on companion animals have been reported, but
little has been documented on the impact on horses. Horse anxiety was commonly associated with
fireworks, and 26% of owners reported horse injuries as a result of fireworks. Many management
strategies were seen as ineffective. The majority of horse owners were in favour of a ban on the sale
of fireworks for private use.

Abstract: Within popular press there has been much coverage of the negative effects associated with
firework and horses. The effect of fireworks has been documented in companion animals, yet no
studies have investigated the negative effects, or otherwise, of fireworks on horses. This study aims
to document horse responses and current management strategies to fireworks via an online survey.
Of the total number of horses, 39% (1987/4765) were rated as “anxious”, 40% (1816/4765) “very
anxious” and only 21% (965/4765) rated as “not anxious” around fireworks. Running (82%, 912/1107)
was the most common behaviour reported, with no difference between property type (p > 0.05) or
location (p > 0.05). Possibly as a consequence of the high frequency of running, 35% (384/1107) of
respondents reported having horses break through fences in response to fireworks and a quarter
(26%, 289/1099) reported that their horse(s) had received injuries associated with fireworks. The most
common management strategy was moving their horse(s) to a paddock away from the fireworks
(77%) and to stable/yard them (55%). However, approximately 30% reported these management
strategies to be ineffective. Of the survey participants, 90% (996/1104) were against the sale of
fireworks for private use.

Keywords: fireworks; horses; anxiety; behaviour; fear

1. Introduction

In New Zealand, both public and private firework displays are common, especially during Guy
Fawkes Day on 5 November. The Hazardous Substances and New Organisms Act 1996 govern the sale
of fireworks for private use and limits sales to three days (2–5 November). However, while the sale of
fireworks is restricted to only three days, there are no restrictions on the when fireworks can be used.
Many counties, such as Canada, South Africa, Australia and Finland, have strict limitations or bans on
private firework displays. A recent Parliamentary select committee rejected a ban on the private use
of fireworks in New Zealand citing any changes as unnecessary and unenforceable [1]. The lack of
change to the Hazardous Substances and New Organisms Act 1996 relating to the use of fireworks
has prompted initiation of a subsequent petition calling for the ban of private use of fireworks [2].
The petition has the support of the New Zealand Police, Fire services and New Zealand Society for the
Prevention of Cruelty to Animals (NZSPCA).
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Previous studies have reported on fear behaviours in response to fireworks in companion animals
both in New Zealand [3] and internationally [4]. Owners have reported negative effects of fireworks
including escaping, vocalisation, urination or defecation, trembling and destructive behaviour.

Within the popular press and social media there has been much coverage of the negative effects
associated with firework displays and horses [5]. Nevertheless, no studies appear to have investigated
the possible problems, or otherwise, of fireworks on horses. Despite this lack of reporting in the peer
reviewed literature, there are a number of publications from equestrian organisations and within
the equestrian press providing guidelines on the management of horses and the negative effects of
fireworks displays [6].

This lack of scientific literature on the topic may relate to the intensive management of horses
within stables and therefore reduction in the exposure to the potentially noxious stimuli of fireworks.
In November, in the United Kingdom approximately 70% of horses are stabled and 30% live outside.
Of those horses that are stabled, almost 50% spend between 9 and 16 h inside daily [7]. The management
of horses, even high level competition horses, in New Zealand is unique in that the temperate climate
permits management of the horse at pasture year round [8]. This pastoral based management system
may facilitate exposure to the visual, acoustic and olfactory stimuli of fireworks and be a reason for
the perception that the private use of fireworks represents a hazard for horses at pasture.

In animals, fear responses to fireworks are believed to occur due to the intermittent and
unpredictable high-intensity noise [9]. Cracknell and Mills (2008) report that the effects of secondary
stimuli such as odours, light flashes and changes in barometric pressure on animals still remain
largely unknown.

Horses are generally considered to be highly unpredictable flight animals [10] shown to be reactive
to loud noises and flashing lights [11]. Fear is a reaction to perceived danger and is characterized
by physiological and behavioural changes that heighten the individual’s ability to deal with that
danger [12,13]. Fear based behaviours in horses are numerous and include running, sweating and
trembling [14]. Flight responses are particularly dangerous, with the potential to result in severe
accidents of the horse and rider/handler [15].

At present, the lack of data on management strategies employed by horse owners, the perceived
effectiveness of such changes and injuries encountered limits debate on the private use of fireworks
and the consequences to horses. The aim of this study was to document horse responses and current
management strategies to fireworks via an online survey.

2. Experimental Section

2.1. Questionnaire

Data were collected via an online survey using commercial survey software SurveyMonkey
Audience (SurveyMonkey Inc.) (see supplementary file). The survey was initially distributed and
“seeded” via six national and regional equestrian sport social media sites. The survey was open for
19 days from 14 October to 1 November 2015, prior to the first official day of the sale of fireworks for
private use (2 November) in New Zealand.

The questionnaire could only be completed once per computer and all applicants remained
anonymous. The survey was deemed to be low risk by the Massey University Human ethic committee
and was registered as a low risk notification project.

The questionnaire consisted of 15 multi-choice and open ended questions in four categories
covering property location and size, number of horses and primary use, the reaction of horses to
fireworks in the previous year, preventative management and the occurrence of any injuries. Lastly,
the participants were asked whether they were in favour of sale of firework for personal use.
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2.2. Statistical Analysis

Data were described using simple descriptive statistics. In some instances the respondent may
not have completed all questions and so the denominator for some questions may vary. For the data
on anxiety and horses, the percentages reported here were based on the number of horses for which
an anxiety score was given by the respondents. The distribution of property type, horse ownership,
behaviour of horses during firework displays and owner support of the sale of fireworks for personal
use were examined using a Chi squared test. The differences in behaviours reported between property
types were tested using the Mann-Whitney test. Multivariate logistic regression was used to calculate
the Odds Ratio (95% confidence intervals) of horse injury with property type and area of where
the horse was kept. All statistical analyses were completed using the statistical software STATA 12
(StataCorp, TX, USA) and R 3.2.2 (Foundations for Statistical Computing, Vienna, Austria) with p < 0.05
set for significance.

3. Results

3.1. Demographics

Data were collected from 1111 respondents responsible for 6431 horses. It is estimated there are
110,000 horses in New Zealand and the AgriBase database identifies 13,072 properties with horses
not identified as racing or commercial breeding properties [16]. Using these 13,072 properties as an
approximate sampling frame, this represents a return rate of 9% (1111/13,072) of (non-racing) horse
owners/properties in New Zealand. The majority of the respondents were from the North Island (89%
918/1111) and the greatest number of respondents were from the Auckland region (27%, 295/1111),
followed by the Manawatu-Wanganui region (14%, 150/1111, Table 1).

Table 1. The total number and percentage (%) of respondents from the various regions in New Zealand
and the number of property type (agistment 1, farm 2 or lifestyle 3) in the various regions.

Area N Respondents % NZ N Agistment N Farm N Lifestyle

Auckland 295 26.6 55 27 213
Bay of Plenty 45 4.1 2 2 41
Canterbury 91 8.2 11 12 68

Gisborne 7 0.6 - - 7
Hawke’s Bay 38 3.4 6 3 29

Manawatu 150 13.5 15 32 102
Marlborough 17 1.5 - 3 14

Nelson 3 0.3 1 - 2
Northland 61 5.5 3 11 46

Otago 56 5.1 2 20 34
Southland 13 1.2 - 3 10
Taranaki 72 6.5 8 12 52
Tasman 4 0.4 - - 4
Waikato 125 11.3 12 22 91

Wellington 125 11.3 14 20 89
West Coast 8 0.7 1 2 5

1 Livery service; 2 Commercial farming enterprise; 3 Small farm <4 ha in total area.

Approximately half the respondents identified themselves as living in an area consisting of
predominantly lifestyle blocks (small farms < 10 ha, Table 2). Irrespective of the urban/rural
classification, most respondents identified they lived and kept horses on lifestyle blocks (71%, 807/1107)
with only 13% (130/1107) of respondents keeping horses on agistment properties (livery service).
There were greater numbers of horses kept on an agistment property (15 (interquartile range IQR 7–26))
than on farms (commercial) or lifestyle blocks (5 IQR 3–10 vs. 4 IQR 2–6, p < 0.001). The number of
horses owned by respondents also differed across property type, farm 4 (IQR 3–9), Lifestyle 4 (IQR 2–6),
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and agistment 4 (IQR 1–12), (p < 0.001). The most common use of horses were for sport (show jumping,
dressage and eventing) (43%, 1979/4575) followed by trekking (25%, 1137/4573) Pony Club (17%,
774/4575) and racing (7%, 321/4575). The remaining categories (hunting, endurance and western)
accounted for approximately 3% each.

Of the total number of horses, 39% (1987/4765) were rated as “anxious”, 40% (1816/4765) “very
anxious” and only 21% (965/4765) were rated as “not anxious” around fireworks or the Guy Fawkes
period (Table 2). The levels of anxiety reported did not differ between property type (agistment, farm
or lifestyle block, p > 0.05).

Table 2. The total number of respondents and horses according to location, property type and the
behaviours exhibited during fireworks.

Categories Total Urban1 Semi-Rural2 Lifestyle3 Rural4

n n % n % n % n %

Respondents 1111 80 7.2 271 24.4 517 46.5 242 21.8
Property type

Farm 7 8.8 34 12.5 23 9.5 106 20.5

Lifestyle block 28 35.0 193 15.9 457 188.8 112 21.7

Agistment 45 56.3 43 71.2 36 14.9 23 4.4

Horses/respondents
(median and IQR)

3
(2–8)

4
(2–7)

4
(2–5)

4
(2–7)

Behaviours

Fence walking 39 48.8 136 50.2 237 45.8 94 38.8
Running 67 83.8 223 82.3 444 85.9 179 74.0

Decreased appetite 17 21.3 62 22.9 86 16.6 30 12.4
Breaking through fences 37 46.3 108 39.9 170 32.9 69 28.5

Weaving 9 11.3 19 7.0 14 2.7 34 14.0
Bucking/rearing 29 36.3 100 36.9 157 30.4 72 29.8

Sweating 46 57.5 156 57.6 316 61.1 114 47.1
Trembling 39 48.8 137 50.6 266 51.5 92 38.0

Injuries

YES 25 33.3 84 33.3 138 28.9 42 20.4
Anxiety (n horses) 4765 338 1226 2113 1088

not anxious 44 13.0 219 17.9 382 18.1 320 29.4
anxious 166 49.1 513 41.8 892 42.2 355 32.6

very anxious 128 37.9 494 40.3 839 39.7 413 38.0

Against the sale of
fireworks for personal use 78 97.5 243 89.7 473 91.5 202 83.5

1 within a town/urban environment; 2 adjacent to an urban area; 3 surrounded by lifestyle blocks; 4 surrounded
by other large farms.

3.2. Adverse Horse Behaviour and Anxiety

The majority of respondents (1104/1111) reported that their horse(s) had previously exhibited at
least one of the behaviours, listed in Figure 1, in response to fireworks. Running (82%, 912/1107) was
the most common behaviour reported, with no significant difference between property type (p = 0.412)
or location (p = 0.068). There were a group of behaviours with similar frequencies reported (trembling,
sweating and fence walking). Similar frequencies of these behaviours were reported across property
location identifiers (urban, semi-rural, lifestyle or rural). Possibly as consequence of the high frequency
of running, 35% (384/1107) of respondents reported having horse(s) break through fences in response
to fireworks.
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Figure 1. The percentage (%) of participants reporting that their horse(s) had exhibited the behaviors
in association with fireworks.

A quarter (26%, 289/1099) of participants reported that their horse(s) had received injuries
associated with fireworks. Multiple different injuries were reported; the most common were lacerations
(40%, 194/289), strains/sprains (10%, 33/289) and broken limbs (7%, 11/289). The property type
did not affect the odds of the horse(s) receiving injuries (p > 0.05, agistment = reference level, farm
1.5 (0.85–2.48), lifestyle 1.1 (0.71–1.7)). However, respondents that kept horses in rural areas were
0.6 (0.33–0.49) times as likely to report that their horses had received injuries due to fireworks, than
respondents that kept horses in an area surrounded by lifestyle blocks (p < 0.05, reference level).
The odds of horses receiving injuries did not differ between horses kept in semi-rural areas or urban
areas compared with lifestyle blocks.

3.3. Duration of Firework Displays

Off the survey participants, 6% (63/1108) reported that their horse(s) had not been exposed to
fireworks in the previous year. The remaining 94% (1045/1108) of survey respondents were asked the
duration of time their horse(s) were exposed to intermittent fireworks. Thirty-three per cent (371/1108)
reported fireworks continued for one or two weeks after Guy Fawkes, 26% (288/1108) for two or more
months after Guy Fawkes, and 19% (209/1108) for up to a month after Guy Fawkes, while only 16%
(177/1108) identified that their horse were exposed to fireworks only on Guy Fawkes Day.

3.4. Owner Management Strategies

The most common management strategy was the movement of the horse(s) to a paddock away
from the fireworks (77% (779/1006)). However, 37% (374/779) reported this management strategy to
be ineffective in reducing anxiety. Horse(s) had previously been stabled or yarded during fireworks by
55% (461/925) of respondents, but 30% (277/461) reported this to be ineffective. Only 30% (254/845)
and 19% (152/808) of participants, respectively, had previously either moved their horse(s) off the
property or sedated their horse(s) during fireworks. In both instances, 9% (73/254 and 66/152,
respectively) of respondents deemed these approaches to be ineffective.

When asked about future management strategies, 20% (189/987) reported that they had no
strategy planned. Of the participants, 55% (570/987) planned to move their horse(s) to a paddock
further away from the fireworks, 24% (241/987) planned to stable or yard their horse(s), 12% (114/987)
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planned to sedate them and 10% (95/987) move them off the property. Participants were able to report
on several management strategies.

3.5. The Sale of Fireworks for Private Use

Of the survey participants 90% (996/1104) reported that they did not support the sale of fireworks
for private use, while 10% (108/1104) supported it. The majority of participants did not support the
sale of fireworks even if their horse(s) had not previously been injured due to fireworks (χ2 = 17.917,
df = 1, p < 0.05). A greater proportion of participants that kept their horses on lifestyle blocks did not
support the sale of fireworks for private use (χ2 = 16.799, df = 2, p < 0.05), compared to those who kept
horses on farms or agistment.

4. Discussion

The distribution of responses to the online survey was similar to that obtained by Rosanowski,
Cogger, Rogers, Benschop and Stevenson [16] using a generalised random-tesselation stratified
sampling design and indicates good agreement and reflection of the distribution of horse ownership
location within New Zealand. The overrepresentation of the North Island may reflect that the surveys
were seeded initially from social media sources based in the Manawatu and the North Island of
New Zealand. The high level of response from respondents on lifestyle blocks was reflected in the
bulk of respondents keeping their horses on their own property, rather than using agistment/livery
yards, as is an option in Western Europe. Lifestyle blocks are typically less than 4 ha and so within a
geographical proximity to neighbours where fireworks displays would provide obvious visual and
auditory stimuli. The majority of the respondents kept horses for sport, rather than racing, which
reflects the initial sampling frame of the survey and the pattern of horse ownership previously reported
in New Zealand [16].

The timing of the survey was intentional to provide an overview of what was planned as a course
of action during the “fireworks season”. Sampling at this time provided minimisation of temporal
bias, which is often a limitation in survey data the greater the duration between the event and the
collection of the data. The survey was closed prior to the first official sale of fireworks and thus
avoided bias in responses, or type of respondent, if adverse fireworks events were reported within the
press. Motivation to complete the survey may have been greater in participants that had previously
experienced an adverse event associated with fireworks. However, the large number of respondents
should have attenuated this bias and implies that, within a pastoral management system, negative
experiences with horses and fireworks are the norm rather than an exception. The inability to provide
a tight definition around the term anxious and very anxious means some caution should be used when
differentiating between these behaviour categories. Within the literature, fear and an ethogram for
fear is well described. The use of a grading scale for stress could have been used to provide a tighter
definition of the level of anxiety (stress) the horse experienced during fireworks displays [17]. However,
in an attempt to increase opportunity for initiation and completion of the survey, the complexity of the
anxiety was kept to simple low resolution descriptors. The objective of the survey was to obtain data
on owners’ perceptions, and general management strategies of their horses in relation to fireworks
and not precisely quantify the level of anxiety/arousal to fireworks. Within the literature there are
data on between breed and between individual levels of responsiveness to stimuli. These can also be
tempered by changes in management. This is an area of behaviour research that requires investigation
and possibly translation/dissemination to provide pragmatic management strategies for New Zealand
horse owners during fireworks season.

Almost 80% of survey participants reported that their horses became anxious or very anxious
during firework displays, with the remaining rating their horses as not anxious. These results support
research by Young, Creighton, Smith and Hosie [17] who reported that the sound of fireworks played
from compact disk caused higher cortisol levels in horses than the sound of coat clippers or social
isolation. The present results are also in agreement with the fact that the majority of respondents
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described their horse(s) as presenting with, at least one, anxiety related behaviour during fireworks.
The most common observation of “running” reflects the use of the flight response to escape noxious
stimuli and the pasture based management system of horses in New Zealand. These factors are
also reflected in the fact that almost 40% of respondents reported that their horse(s) had broken
through fences.

A quarter of respondents reported that their horse(s) had received injuries they believed to be
a result of the firework display. The injuries ranged from minor cuts and sprains to broken limbs
resulting in death. The most prevalent injuries reported were lacerations varying from mild to severe.
These injuries are possibly a reflection of the high percentage of horses reported to break through fences.

Respondents were asked whether, in previous years, they had moved their horse(s) to a paddock
away from the fireworks displays, stable/yarded their horse(s), moved their horse(s) away from the
property or sedated their horses during Guy Fawkes Day. Most owners had previously trialled a
number of management strategies. The most prevalent management approaches were moving the
horse(s) to a paddock further away from the fireworks or to stable/yard them. However, almost 40%
deemed these methods unsuccessful in reducing anxiety. Nevertheless, these were also reported to
be the two most common future management strategies, possibly as they are easier alternatives to
relocating the horse off the property or sedation. It has previously been reported that the most common
management methods of companion animals owners during fireworks are keeping the animals inside,
comforting them, keeping blinds shut and distracting them with music [3]. The majority of these
distraction strategies are not likely to be suitable for horses, especially in New Zealand where pastoral
management systems are the norm. Moreover, trying to comfort or move a panicked horse can be
dangerous for both the handler and the horse as they can charge blindly into humans, fences or other
structures when highly aroused [15].

Habituation to repeatable stimuli often occurs with horses, as long as the behaviour is not
reinforced with an adverse event [18,19]. The keeping of horses at pasture should permit exposure
to fireworks and the opportunity for habituation. This may not, however, be occurring due to the
generally focused exposure around the date of Guy Fawkes (November 5th) and then often intermittent
exposure. A third of participants reported that they were exposed to fireworks for one or two weeks
after Guy Fawkes. Another quarter of participants reported on exposure of two or more months after
Guy Fawkes. However, the intermittent and possibly short bouts of exposure may not be enough to
habituate horses. Furthermore, the lack of ability to plan and manage horses safely around fireworks
has been cited repeatedly in social media and popular press articles [20].

The majority of participants reported that they did not support the sale of fireworks for personal
use. This reflects the large number of participants who reported that their horse(s) have displayed
anxiety and anxiety related behaviours during fireworks. It is possible that horse owners who have
previously had negative experiences, such as injuries, were more motivated to respond to this survey.
However, when asked whether the participants supported the sale of fireworks for private use, the
majority answered “no”, regardless of whether their horse(s) had previously been injured due to
fireworks or not. Moreover, the large sampling size should have damped a potential bias. A greater
proportion of participants whose horses were kept at lifestyle blocks (as compared to farms and
agistment) were against the sale of fireworks for personal use. This may be a reflection of the relative
close proximity to neighbouring properties and perhaps a greater number of neighbouring properties.

5. Conclusions

This study is the first to address the issue of horses and fireworks in New Zealand. The article
provides a framework for discussing and reviewing legislation in relation to firework use and the risks
posed or perceived by horse owners during Guy Fawkes Day firework displays.

Supplementary Materials: The following are available online at www.mdpi.com/2076-2615/6/3/20/,
Questionnaire: Owner management of horses during Guy Fawke's Day.
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Simple Summary: Although often highly rewarding, human-horse interactions can also be
dangerous. Using examples from equine and other contexts, this article acknowledges the growing
public awareness of animal welfare, work underway towards safer equestrian workplaces, and the
potential for adapting large animal rescue skills for the purposes of horse event incident management.
Additionally, we identity the need for further research into communication strategies that address
animal welfare and safety issues that arise when humans and horses interact in the workplace.

Abstract: Human-horse interactions have a rich tradition and can be highly rewarding, particularly
within sport and recreation pursuits, but they can also be dangerous or even life-threatening.
In parallel, sport and recreation pursuits involving animals, including horses, are facing an increased
level of public scrutiny in relation to the use of animals for these purposes. However, the challenge lies
with event organisers to reconcile the expectations of the public, the need to meet legal requirements
to reduce or eliminate risks to paid and volunteer workers, and address horse welfare. In this article
we explore incident management at horse events as an example of a situation where volunteers and
horses can be placed at risk during a rescue. We introduce large animal rescue skills as a solution to
improving worker safety and improving horse welfare outcomes. Whilst there are government and
horse industry initiatives to improve safety and address animal welfare, there remains a pressing
need to invest in a strong communication plan which will improve the safety of workplaces in which
humans and horses interact.

Keywords: horse; risk; safety; injury; accident; management; mitigation; behaviour change

1. Introduction

Sports that use animals can operate only with a social licence [1]. Public expectations surrounding
the use of animals in sporting and recreational contexts are rapidly evolving and are being shaped, in
part at least, by media stories of animals at risk, coupled with the use of graphic imagery. In parallel,
there are strong public expectations of safe working environments for people, enforced by law,
including those workplaces where there are human-horse interactions. The current article focuses
on three areas in this domain: first, the increasing public awareness of animal welfare; second, the
requirement for safer workplaces where both humans and horses are present; and third, the need for
an industry-led communication plan that will address animal welfare issues and safer workplaces
involving horses.
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Horse event incident management provides a context to a feasible solution to all of these emergent
issues. Large animal rescue skills provide a framework to manage a potentially hazardous equine
patient-centred incident which, in turn, provides a safer workplace for people. The incident will be
better managed if responders are trained and safe systems of work are adopted, leading to improved
welfare outcomes for the horse.

In this article, animal welfare relates to the state of an animal in its attempts to cope with its
environment [2] (p. 524). While our discussion is based on experience working with Australian
horse-related sports and recreation activities, the issues discussed are relevant to other sport and
recreation contexts involving animals, disparate organizations, and sub-groups, such as, cattle, sheep,
and pigs used for exhibition or competition.

2. Public Awareness and Animal Welfare

Traditional newspapers, radio, and television, coupled with social media, offer an unprecedented
opportunity to shape public consciousness on a wide range of issues. Social media platforms act as a
carriageway for calls to action which, in turn, mobilise the online community to participate in targeted
grassroots activism. One example of grassroots campaigning is the Australian platform “Get Up!” [3]
and its project “Community Run” [4]. The GetUp! website claims that GetUp! has over one million
members and lists a high court win among its achievements. Issues, including animal cruelty, are able
to gain an increased profile through mediating technologies, particularly where graphic images boost
a story’s impact.

In Australia, a recent newsfeed has featured animals-at-risk stories coupled with graphic images
from the live cattle export trade following the ABC Four Corners program “A Bloody Business” [5]
and the greyhound racing industry story “Making a Killing” [6]. Both documentaries have resulted in
political and industry actions to improve animal welfare outcomes and manage threats to the long-term
reputation of the organisations involved. Public outrage following exposure of animal cruelty in the
live cattle export story resulted in actions which included the GetUp! 250,000 signature petition on live
cattle export being presented to Prime Minister Julia Gillard [7], which contributed to the Australian
Government suspending trade with Indonesia [8]. Similarly, public outrage following the broadcast
of live-baiting practices in the greyound racing industry, has resulted in the removal of the Racing
Queeensland board [9], the NSW Government establishing a Special Commissionof Inquiry [10], and
the (custodial) sentencing of three greyhound trainers [1].

Citizens in many countries set expectations for animal welfare through elected government
representatives and the making of laws. Examples of such law reform include the Swiss Government’s
requirements for meeting the social needs of horses [11] and, more recently, the New Zealand
government’s legal recognition of animal sentience [12]. In Australia, where animal law is not as
advanced as in Europe or the UK, there is a boom in the tertiary study of animal law, perhaps due to
the media profile given to animal welfare issues [13].

Modern technology provides easy access to information for individuals to become informed about
animal welfare issues and provides the platform for animal welfare messages to be shared thousands
of times, further contributing to the rapid shaping of public opinion. There are numerous examples of
the media reporting animal welfare concerns and developments in public outrage and policy change.
Indicative examples of such scenarios that have been reported in the media are outlined in Table 1.
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Table 1. Examples of public awareness and animal welfare media stories.

Media Animal Welfare Aspect Storyline

It was Spain’s “national fiesta”.
Now bullfighting divides its
people [14]

Bulls are killed for public sport
and entertainment

Next generation of youth does not see
a role for bullfighting in Spain in an
increasingly globalized world

Zimbabwe bans lion hunting after
international outcry [15]

Lions, tigers and other exotic wildlife
hunted for sport, offered as packaged
tourism experiences

An international public outcry arising from
the killing of a favourite lion by a U.S.
citizen results in changes to hunting laws

Pigs to use Twitter and Facebook
to challenge animal welfare
criticism [16]

The housing conditions and care of
animals raised for human consumption

Farmers use social media to inform public
on how farm animals are raised

Starbucks to switch to 100 percent
cage-free eggs by 2020 [17]

Ethical choices when
sourcing ingredients

A commercial decision by Starbucks to
remain competitive

3. Public Opinion and Horses at Risk

Media channels dedicated to horse-themed journalism provide a focus for the public’s increasing
concern for animal welfare. An example is Epona.TV’s blog page [18] that, inter alia, publishes articles
related to horses at risk of having their welfare compromised in sporting contexts. One blog example,
“Akeem Foldager timeline” provides a chronicle of public, organizational, and industry participant
actions following the publication of photographic evidence of a ridden horse being constricted by the
two bits associated with a double bridle, resulting in the animal’s tongue turning blue [19]. The science
underpinning cardiovascular changes that occur when restrictive gear is used in equitation is well
established [20] and the principles of ethical equitation are reasonably clear [21]. However, there
still remain considerable gaps between equine welfare science and mainstream horse use. To build
an understanding of how attitude, beliefs and values differ between horse welfare advocates and
professional horse industry participants, and how incremental improvements in horse welfare can be
achieved, there is a need for further investment in research from the social science fields.

For the purposes of this article, a sport or recreation horse activity is defined as a structured,
managed environment where the public is invited to view proceedings. In this discussion, we
focus on the type of competitions conducted under the rules of an incorporated association; for
example, dressage, horse-racing, and endurance trials. Such competitive events attract competitors and
spectators, with the latter including online or offline support crews, organisational members, officials,
and the general public. Throughout the events, participants may use social media to share opinions
in real-time and worldwide. As an example, if a horse’s safety appears to have been compromised,
opinions are formed and shared by the public without consent from the event organisers, horse owner,
or competitor. The online dialogue may attract particular interest and following if the participants
are injured, a horse is trapped, or a poor response is mounted by officials. Some examples of such
scenarios are outlined in Table 2.

Table 2. Examples of public awareness and horses at risk media stories.

Media Animal Welfare Issue Storyline

Pictures of lame horse a PR
disaster on the magic day Black
Caviar came back to Sydney [22]

A lame horse was ridden by a
reporter during the broadcast of
an interview with the jockey of the
winning horse, Black Caviar

The commercial decision by Channel 7
to continue with broadcasting the interview.

The television station accused of a
lapse in a duty of care

Clydesdale slips on Granite Island
causeway [23]

Horse slips over on wet
rubber matting, remaining
recumbent for a period

Spectator reports the incident to RSPCA

Swiss Federation bans use of draw
reins in 2016 [24]

Horses ridden with hyper flexed
necks are under stress

Swiss Equestrian Federation moves to act on
negative social media and calls for support of
improved horse welfare by all equestrians
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The shaping of public opinion has broadened to include the management of deceased animals,
with a 2014 billboard featuring a deceased racehorse erected in Melbourne prior to the spring
racing carnival [25], and the 2015 billboards on busses [26], displaying an image of a deceased cow,
broadcasting a message against live export. The growing public scrutiny surrounding the euthanasia of
horses is providing a rapidly evolving communication challenge for event organisers and veterinarians,
charged with ensuring the welfare of participating horses is paramount. Traditional values, practices,
and policies may be well accepted by participants but often do not have the same meaning for the
general public. For community-level events, the handling of deceased horses with dignity is introduced
in the Australian Horse Welfare and Well-being Toolkit [27] (p. 25). Covering planning, logistics,
veterinary support and data collection, the toolkit sets out a checklist for organisers. However, there is
no independent online portal of evidence-based information for the public and journalists seeking
information on the welfare of sport and recreation horses, including those times when euthanasia
is recommended.

4. Government Efforts to Manage Risks Posed by Horses in Workplace

Workplace safety laws, workers compensation claims and fines following the death of
Sarah Waugh [28] are driving government-led initiatives targeting safety in workplaces involving
horses. Worksafe Australia statistics reveals that, on average, one horse industry worker is hospitalised
per day in Australia from a fall, kick, strike, or bite [29] (p. 2).

Workplaces involving horses have inherent risks for workers [30] (p. 324). Under Australian
law, any horse organisation that engages a paid staff member or contractor is considered a “Person or
Organisation Conducting a Business Undertaking (PCBU)” and Workplace Health and Safety laws
apply. In Australia, competitive horse events, other than racing, are almost exclusively organised and
managed by a volunteer workforce under the auspices of a peak body that employs staff in a national,
regional, or state office. Therefore, the PCBU status applies to many horse events and the requirement
for volunteer workplace inductions, defined job roles, and the use of personal protective equipment
(PPE) applies.

Australian government agencies have taken action to manage some horse-related risks. These
include development Worksafe Australia’s “Guidelines for reducing risk when new and inexperienced people
interact with horses” [29], the Australian Government Australian Skills and Quality Authority’s report
“Training in equine programs in Australia” [31] and implementation of Technical and Further Education
TAFE New South Wales “Procedures for delivery of horse industry training” [32]. Media stories providing
examples of government efforts to manage risks appear in Table 3.

Table 3. Examples of media stories of government efforts to manage risks.

Story Safety Issue Storyline

State to regulate equine industry
after death of Hunter rider Sarah
Waugh [28]

Injuries and death to people who
work with horses

Public awareness raised by
parents of Sarah Waugh,
resulting in development of
an enforceable Code of Practice
by Workcover NSW

Three Queensland vets face
prosecution over how they
managed Hendra cases [33]

Laws require that workers need to
take reasonable care of themselves
and others in the workplace

Regulators act to enforce
Workplace Health and Safety laws

Improving safety in horse racing:
it’s all in the data [34]

Research on the costs of
Workers Compensation for
racing industry riders

Development of a tool for
comparing costs and risks
associated with introducing
strategies to improve safety

The level of risk increases for emergency service workers when attending an incident scene
involving a horse. In research undertaken by Smith et al. [35] (p. 9), fire and rescue volunteers reported
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a concern about the physical management of large animals, inter-agency coordination, and dealing with
owners to the extent that they seek further training opportunities in this domain. It is acknowledged
that large animal rescues expose humans to a range of risks, including an unpredictable working
environment attributed to horse behavioural characteristics, biosecurity, heavy manual handling, and
injuries from being kicked.

Actions to manage risks undertaken by the South Australian and New South Wales State
Emergency Services have resulted in the preparation of large animal rescue technical manuals, delivery
of standardised training and purchase of fit-for-purpose equipment. The capabilities of the emergency
response agencies are enhanced through partnerships with organisations specialising in emergency
animal patient care, including Equine Veterinarians Australia’s Large Animal Rescue Registry [36],
RSPCA state bodies, and the non-profit South Australian Veterinary Emergency Management [37].

To date, there has been only limited investment by government or the horse industry in safety
research or data collection systems that have the potential to result in safer human-horse interactions
in the workplace.

5. Horse Industry Efforts to Manage Risks

In 2014, the Australian Horse Industry Council (AHIC) conducted a national survey of horse
owners and industry workers [38]. Of the 3017 responses analysed, 38% of respondents had received a
horse-related injury serious enough to require hospitalisation. After horse-racing, sports including
polo, polocrosse, and events involving cattle (e.g., camp drafting), recorded the highest reported
incidences of personal injury during training and competition. Furthermore, from the 2083 responses
analysed, eight out of ten people at horse events are volunteers, with 31% volunteering at least monthly.
The number of participants in the Australian horse industry is not known, so an incidence rate cannot
be calculated.

The AHIC has addressed risks to horses and humans through the HorseSafe Code of Practice [39].
The voluntary Code provides a minimum standard for assessment and control of risks associated
with people working around horses while horse welfare is the focus of the Australian Horse Welfare
Protocol [40].

Horse industry participants have been further supported by evidence-based tools developed
by the International Society for Equitation Science (ISES), including the ISES Code of Conduct that offers
guidelines to ensure optimal horse and rider welfare and safety at competitive events. This code refers
to other ISES position statements and embraces the ISES’s First Principles of Horse Training [41] which,
in turn, informs the selection and application of handling techniques.

Targeting horse event organisers, the Australian Horse Industry Council has developed the
Australian Horse Welfare and Well-being Toolkit [27]. This resource provides an introduction to horse
event incident management and recommends the appointment of a Horse Welfare Officer. The role of
the officer is to work across organisational management structures, with oversight of the welfare of
horses, including when an incident occurs [27].

6. Horse Event Incident Management

In this article, we have so far acknowledged the increased public awareness of animal welfare
issues, the risks in workplaces where humans and horses interact, and government and horse industry
efforts to promote safer work practices. We now showcase one solution for providing a safer working
environment when humans and horses are involved in an event incident.

Technical rescue knowledge and skills drawn from the emergency services sector provide a
potential model for adaptation to horse incident management. In particular, there are procedures that
emerge from the emergency services sector. This includes preparation of an incident management
plan, use of established communication systems, and selection of trained personnel for a safer work
environment [42] (p. 15). Similar to human-centred incident responses, an assessment may determine
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that an equine trauma care patient can be transferred to a place of safety, triaged away from public
scrutiny and, on occasion, prepared for transit to an equine hospital [43] (p. 80).

Large animal rescue (LAR) adopts an even-handed approach, balancing high-risk hazard
management with the welfare of the horse. To avoid further injury to humans or horses, the
management of an incident scene requires the assignment of roles to individual responders, the
use of personal protective equipment and the establishment of three working zones (Figure 1), based
on the level of risk [44] (pp. 6–10). The first, a “hot zone” nearest to the equine patient, has the highest
risk, where only essential personnel are positioned. The second, a “warm zone”, is outside of the
kicking or head-tossing range of the horse, where the incident controller, safety officer, veterinarian,
horse welfare officer, owner, and tool dump are positioned. The third is the “cold zone”, a low-risk
area where the media and spectators are positioned [27] (p. 24). In most situations, An introductory
level LAR kit consists of strops (or straps), pole hooks to use as extensions of responders arms, a tool
to thread the strops under the horse, rope, and a rescue glide [44] (pp. 111–113).
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Figure 1. Large animal rescue three working zones.

Basic LAR manipulation techniques, aimed at manoeuvring the horse to a safer place, include
the forward drag (Figure 2), backward drag (Figure 3), sideways drag (Figure 4) and the so-called
Hampshire skid (Figure 5) [45] (pp. 21–25). The torso of the horse is used for manoeuvring, as use of
the head, neck, legs or tail may result in further injury [44] (pp. 37–38). With a recumbent horse, the
dependent eye needs to be protected [42] (p. 277). The techniques may also be used to place a live or
deceased horse onto a rescue glide (Figure 6) which, in turn, is winched into the float [44] (p. 116), and
transferred to a place of safety.
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In these scenarios, a veterinarian works as a part of the horse event incident response crew in
the same way a paramedic integrates into a human rescue scenario. Large animal rescue provides a
casualty-centred approach, incorporating triage, immediate care and, if required, euthanasia, while all
the time keeping people safer in what is often a dynamic rescue environment. These characteristics of
a horse-related emergency mean that optimal handling of such incidents merits careful planning lest it
falls under the glare of intense public scrutiny [46]. Horses that have had their innate sense of safety
compromised, such as when an incident occurs, may react unpredictably and cause severe injury to
themselves or people. Planned and managed incident responses provide an opportunity to improve
horse welfare outcomes through the benchmarking of key outcomes, including response time, survival
rate of equine patients and, for human responders, injury statistics. Through the provision of rescue
and trauma care training, risks relating to human safety and horse welfare are mitigated [43] (p. 80).

Although many participants in horse incident management are volunteers, it should be noted
that the Australian workplace safety laws requiring PCBUs to minimize or eliminate risk in the
workplace [47] (p. 1) may still apply. Therefore, horse events, if categorized as a PCBU, have a legal
requirement for a safe workplace. At events, volunteer workers may lack experience with horses,
but nevertheless supervise subordinates and others [29] (p. 19). Volunteers may also be expected
to deal with horse-related incidents, in addition to their regular role at the event, even though they
may not have been provided with specialist training. This approach aligns with the observations of
Thompson et al. [48] (p. 565), who note that horse riders and handlers often undertake activities a
certain way simply “because they have always been done that way”, and are rarely provided with
advice on how to reduce or remove risks. A risk assessment by event organisers may determine
that little capacity exists amongst the volunteers to respond effectively to an incident and, therefore,
pre-event planning will need to address this gap.

Public scruity of horses involved in incidents will attract media attention, as will the manner in
which any response is undertaken. For examples of media stories refer to Table 4.

Table 4. Examples of media stories relating to horse incidents.

Story Management Storyline

Shocking picture shows racehorse
champion Wigmore Hall destroyed
at packed course [49]

Horse racing incident response

Incomplete screening of a horse
racing incident resulted in the
witnessing of the euthanasia of
Wigmore Hall. The photograph was
subsequently published on the
front page of the Daily Mirror

Why the long face motorists?
Farce as M6 is shut in both
directions after horse gets stuck in
its horsebox [7]

Emergency management
procedures followed for a
patient-centred rescue

Traffic delays as a trapped horse
was extricated from a horse box on
a busy motorway

7. Communication Strategy Design

Our discussion leads us to propose the need for an industry-led communication strategy that
addresses the dual messages about the growing public awareness of animal welfare issues and safer
workplaces where interactions with horses take place. A communication plan should set a range of
measurable targets, including the training of horse event volunteers in large animal rescue skills and
educating the public on expectations relating to horse welfare in the settings of sport and recreation.

Few education or training resources are available to support horse event organising committees
or volunteers. For emergency service agencies and horse owners, educational resources set in the
context of the natural environment, farms, road transport and equestrian enterprises or workplaces
include the books Technical Large Animal Emergency Rescue [42] and Equine Emergency Rescue [44].
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However, there is a gap in resources to support volunteers responsible for managing horse event
incidents where the additional elements of crowding by spectators and public scrutiny of animal
welfare outcomes are factors contributing to a successful resolution. Horse event volunteers are
unlikely to be experienced in working safely as part of an incident management team or be proficient
at handling horses in stressful situations.

Forming a core element of a communication strategy, the development of targeted educational
resources can provide guidance for safer practices in the workplace, and influence the adoption of
new techniques. To ensure relevance for event volunteers, resources and training should be culturally
appropriate, customised to address recognisable incidents, and easily accessible for “just in time”
reminders. Communication prepared by organisers prior to the event, targeting participants and
spectators, may help to manage expectations of incident responses and horse welfare outcomes.

Barriers to an effective change in practices may include horse industry participants’ attitudes
to injury, with many participants currently accepting injury as part of the job [50] (p. 897). Similarly,
Thompson et al. [48] observes that throughout history, horses and riding have been described as forms
of “art” that conflict with the practical application of risk mitigation. These authors go on to argue that
the need for the horse to be safe could be reconfigured in a way to keep riders safe, too.

We hypothesize that if horses and people are kept safer in the workplace, public expectations
relating to animal welfare are more likely to be met. An example of using the needs of an animal to
promote safer decision-making can be drawn from the disaster management sector, notably Australian
bushfire evacuation planning [51]. The Australian National Planning Principles for Animals in Disasters
states that human welfare and safety will be improved if emergency management planning processes
include animals [52]. Furthermore, the presence of animals in emergency situations impact human
behaviour and safety; therefore, emergency service organisations need to work with communities on
animal emergency management above standard preparedness (p. 7).

The Royal Commission into the 2009 Victorian Bushfires found that people died as they chose
to stay with their pets or, because of their pets, they left too late [53] (p. ii). Through recognising the
human-animal relationship [54], public messaging can encourage owners to take their pets to a safer
place, which increases the liklihood that the humans will also stay safe. When the LAR ethos is applied
to a horse event incidents, horse-centred messaging results in caring for the horse as a casualty that, in
turn, creates a safer workplace [43] (pp. 77–81).

Development and implementation of an industry-led communication plan is likely to be more
effective than if initiated by a non-sectorial industry body, for example, the Australian Horse Industry
Council [55], through a participatory model that involves horse sport and recreation participants,
veterinarians, and large animal rescue experts. We acknowledge that communication strategies will
need to be designed to suit different horse sport and recreation activities, recognising the different
drivers for participation and that the contexts in which horses perform have a wide range of variability.

8. Conclusions

In this article, we have discussed the increased public awareness of animal welfare issues, the
risks in workplaces where humans and horses interact and government and horse industry efforts to
promote safer work practices. We have emphasised the need for a communication plan that addresses
the paired messages of growing public awareness of animal welfare issues and safer workplaces where
humans and horses interact. We recommend further research into factors that will reduce risks in
the workplace involving human-horse interactions. Furthermore, we recommend development of an
industry-led communication plan which is undertaken in partnership with animal welfare advocacy
organisations and experts from the fields of media communication and social sciences. The plan would
set out measurable targets, including the training of horse event volunteers in large animal rescue
skills and educating the public on expectations relating to horse welfare in the settings of sport and
recreation. The plan will need to clearly identify how it will be implemented, maintained, and undergo
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evaluation by an independent organisation. A well-designed communication plan will, in turn, lead to
a safer workplace for people interacting with horses.
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Simple Summary: Equitation science describes an approach to horse training and riding that focuses
on embracing the cognitive abilities of horses, their natural behaviour, and how human riders can
use signalling and rewards to best effect. This approach is concerned with both horse welfare and
rider safety, and this review discusses how equitation science can minimise risk to humans around
horses and enhance horse welfare.

Abstract: Equitation science is an evidence-based approach to horse training and riding that focuses on
a thorough understanding of both equine ethology and learning theory. This combination leads to more
effective horse training, but also plays a role in keeping horse riders and trainers safe around horses.
Equitation science underpins ethical equitation, and recognises the limits of the horse’s cognitive and
physical abilities. Equitation is an ancient practice that has benefited from a rich tradition that sees it
flourishing in contemporary sporting pursuits. Despite its history, horse-riding is an activity for which
neither horses nor humans evolved, and it brings with it significant risks to the safety of both species.
This review outlines the reasons horses may behave in ways that endanger humans and how training
choices can exacerbate this. It then discusses the recently introduced 10 Principles of Equitation Science
and explains how following these principles can minimise horse-related risk to humans and enhance
horse welfare.

Keywords: horse-riding; ethology; safety; equitation science; learning theory

1. Introduction

Equitation science is defined as the art and practice of horsemanship and horse-riding [1]. It is
based on the founding principle of promoting the use of an evidence-based approach to explain and
emphasise best practice in horse training and riding [2]. It is an inclusive system that aims to embrace
all forms of training that are effective and ethical [3]. Equitation embraces a cost-benefit approach to
ethics. The greater the impact to horses of a practice, the stronger the justification for that practice
needs to be [4]. Ideally, all impacts could be considered moderate or less [4,5]. It also offers guidelines
about what may be considered ethical. For example, positive punishment is where a noxious stimulus
is used to suppress behaviour. This is discouraged in ethical equitation, as will be discussed later
in this article. The uptake of ethical equitation has been broad and encouraging, but there has been
some resistance for various reasons, such as the attitude of riders towards science, a preference for
instruction from those successful at elite levels, and an emotional appreciation for finding harmony
with horses organically [6]. Clearly, traditional approaches to riding instruction have been recorded
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over centuries in the teachings of the so-called ancient masters [7,8] as well as more contemporary
horse trainers [7,9]. Many of these approaches, but not all, withstand scientific scrutiny [10].

Equitation science has a strong focus on horse ethology, acknowledging the way horses learn and
their adaptive behavioural tendencies [11]. In this way, riders and trainers can be guided to work with
horses in ways that are within the species’ cognitive limitations [12]. This is particularly important
because horses and humans have different cognitive abilities [13]. Humans tend to attribute their own
cognitive abilities to non-human animals [14–16], which can lead to unrealistic expectations about how
quickly a horse can learn. The use of a concept such as “respect” may be important to the human but
have little meaning for the horse. When training animals, trainers may become frustrated or assign
human values and intentions to what are natural horse behaviours or cognitive limitations [17]. This in
turn could lead to horse behaviour being misinterpreted as being deliberately challenging or wilfully
disobedient, and the trainer adopting punishment to correct it [18]. Punishment is likely to impact
negatively on equine welfare, but may also shift the focus of the horse to finding safety and relief
from conflict rather than performing cued behaviours that are not relevant to their current goals [19].
This could lead to defensive behaviours or flight responses that threaten the safety of horse riders and
trainers. Indeed, horse-riding is known to be a more dangerous activity than motorcycling, with most
injuries occurring to the head, trunk, vertebrae, and wrists [20].

2. Causes of Dangerous Behaviour in Horses

2.1. Flight Responses

Like many animals, horses are often at their most dangerous both to themselves and to humans
when highly aroused and attempting to escape perceived danger [21]. Horses are a large prey species
reliant chiefly on flight at speed to keep themselves safe. This poses a problem for them in many
human–horse interactions, as it is common for horses to be confined or restrained to varying degrees
when around humans [22]. Being contained where the horse is worked with or housed reduces a horse’s
options for gaining safety. If sufficiently aroused, it may run blindly into fences or other structures, or
into humans [23]. More commonly, inability to escape may pressure the animal into experimenting with
confrontational behaviours such as charging, striking with hooves, and biting [24]. These behaviours
are likely to meet with some success, since humans confronted by a large, aggressive animal will
naturally prioritise their own safety and attempt to escape by retreating [23]. The alternative is for
the human to meet confrontation with escalated aggression and intimidate the horse into withdrawal.
The consequences of these actions are potentially serious. In the former scenario, the horse’s aggressive
behaviour is negatively reinforced by the human retreating, (i.e., this has proved a successful way
for it to create the space it needs to feel safer), or to avoid an event it had anticipated and found
threatening or noxious [25]. Not only is this dangerous for the human, but it probably also perpetuates
heightened arousal and negative emotional states in the horse [3]. Emotional conditioning may result
in humans and/or training scenarios acting as signals for horses to become aroused and avoidant,
or vigilant in anticipation of negative outcomes. Such anticipation primes animals to respond more
strongly to aversive stimuli [26] and to interpret ambiguous signals as more likely to be potentially
threatening [23]. This is unlikely to be comfortable for the horse, and is likely to trigger further
defensive, high-arousal behaviours [12]. Furthermore, behaviours that have resulted in successful
avoidance of an anticipated aversive experience can quickly become entrenched and very difficult
to eliminate [27]. Deviating from avoidance behaviours known to be successful increases risk, so
persistent avoidance behaviours are adaptive [28]. Re-training a horse that has learned undesirable
avoidance or distance-increasing behaviours may prove challenging [29].

Punishing avoidance or distance-increasing behaviours is a strategy that comes with its own
significant risks. If it is accepted that horses are at their most dangerous when trying to escape, then
introducing further threats to a horse’s sense of safety in the form of pain, or eliciting flight responses
with predatory behaviour, such as chasing, stalking, and sudden movements, could potentially

48



Animals 2016, 6, 15

contribute to the underlying problem rather than improving it [19]. While punishment may successfully
suppress some dangerous behaviours, it may serve to heighten the horse’s arousal and negative
emotional state while around humans, which could lead to the expression of other unsafe behaviours
that have not been specifically punished [30]. Unwelcome behaviours may represent manifestations of
the combined effects of arousal and emotional state.

2.2. Confusion and Conflict

A horse cannot necessarily read the intentions of its rider or trainer. There are many ways a rider
or trainer’s behaviour can induce confusion. For example, signals may be unclear or inconsistent, or
the horse may be unaware of how to reduce pressure imposed on it, or what the consequences may
be [31]. This confusion can lead to a horse becoming conflicted, with opposing motivations, such
as both approach and avoidance competing to manifest as its behavioural response. Such a horse
may become uncertain of which behavioural response to adopt and, if arousal is elevated, this could
prompt it to experiment with inappropriate locomotory responses such as bolting, bucking, rearing or
shying [32]. Such loss of predictability and controllability may render the horse increasingly insecure,
repeating the cycle of conflict and further endangering the rider.

2.3. Frustration

Aggression has often been shown to stem from frustration [33]. In applied ethology, the term
frustration is used to describe thwarted motivation [34–36]. In horses, frustration may be caused by
them being unable to perform natural behaviours due to restraint [37]. It is believed that frustration may
be responsible for some stereotypies and self-injurious behaviours [38,39], but it may also negatively
affect a horse’s behavioural inhibition and acceptance of handling procedures that might normally be
tolerated [40]. Frustration can also arise during training in-hand and under-saddle, when reinforcement
is inconsistent or non-existent and, as a result, horses are confused about how to escape pressure
applied to them, or access other reinforcers, or avoid punishment [31]. This may have the effect of
reducing self-regulation and increasing ambivalence so that horses may attempt to escape, becoming
aggressive towards objects around them, including humans, or, alternatively, they may resort to apathy.

3. The 10 Principles of Ethical Equitation

Equitation science focuses on interacting with and managing horses in ways that avoid provoking
dangerous behaviour in the first place [20]. This circumvents the aforementioned problems that
can arise when addressing dangerous horse behaviours. Avoiding flight responses and minimising
confusion and frustration in horses are the cornerstones of promoting safe behaviours and avoiding
dangerous behaviours in equitation. Equitation science seeks to apply scientifically obtained data to
training and riding horses to improve the safety and wellbeing of both horse and rider. It is not a single
system or method, but it allows all methods of horse handling, training and riding to be assessed
on the basis of a cost-benefit analysis that embraces their effectiveness and humaneness. There are
significant challenges in empirically assessing the relative merits of approaches that are underpinned
by the International Society for Equitation Science (ISES) principles because many other approaches to
training include elements that align with these principles. If equitation does indeed guide horse riders
and trainers towards safer interactions with horses, it is difficult to justify encouraging a deviation
from this path simply to test its validity. Seeking horse riders who embrace either all of the principles of
equitation science or a consistent subset of them to comparable degrees and skill in application remains
problematic, so there are few data to support the effectiveness of the following ISES principles in
isolation, (but any data that are available are cited). The cornerstones of promoting safety in equitation
manifest in ISES’s recently released 10 Principles of Ethical [41]. They are as follows:

1. Train according to the horse’s ethology and cognition.
2. Use learning theory appropriately.
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3. Train easy-to-discriminate signals.
4. Shape responses and movements.
5. Elicit responses one-at-a-time.
6. Train only one response per signal.
7. Form consistent habits.
8. Train persistence of responses (self-carriage).
9. Avoid and dissociate flight responses (because they resist extinction and trigger fear problems).

10. Demonstrate minimum levels of arousal sufficient for training (to ensure absence of conflict).

This article explains how these principles can minimise horse-related risks to humans as well as
the welfare implications for horses.

3.1. Train According to the Horse’s Ethology and Cognition

Ethology is the study of animal behaviour in light of how a species has evolved to live. A horse’s ethology
informs what is known of horse social structures, including complex, dynamic social organisation
with social rank determining which individuals receive priority access to resources. Equine ethology
also shows that horses readily form attachment bonds and need the company of their own species, so
isolation is detrimental [42]. A horse that is in an inappropriate social group may be less responsive
during training and, equally, a horse that has encountered inconsistent training may be more likely
to be distressed by marginally frustrating aspects of its world when not being ridden [3]. Horses
have evolved to graze for about 16 h a day, which means they are moving for much of the day [29,43].
This has implications for horse management, as restricting physical movement ignores the motivation
horses have for locomotion, and may result in frustration, post-inhibitory rebound [44] and subsequent
behaviour problems [45].

Cognition refers to the ways animals process information about the world. The equine prefrontal cortex
is comparatively small to that of a human [46], so horses and humans may recall events differently
from the way humans do [47]. Horses have evolved as prey animals that must be constantly aware of
potential dangers, so they have developed excellent abilities to recognise stimuli that trigger responses
such as the flight response [13]. Equine and human intelligence are qualitatively different, so care must
be taken not to overestimate what they can perceive when it comes to which behaviours are “right”
or “wrong” [12]. It is likely that incorrect behaviours are a product of training rather than a horse
being wilfully disobedient. Equally, horses, like other animals, can develop emotional responses to
stimuli that motivate their behavioural responses [48], so it is important not to underestimate their
ability to react in a highly emotional way, which can make them unpredictable and dangerous, and
have a significant impact on their welfare and willingness to work with humans [49,50].

Understanding equine ethology and cognition can help keep riders and trainers safe by helping
them to appreciate what is most important to horses from moment to moment [51]. Understanding that
horses must be vigilant and react very quickly to potential threats explains why they may be highly
attentive to stimuli that signal threat, or even stimuli unfamiliar to them [29]. It is safer to assume that
there is danger and act in the interests of self-protection than to assume that there is no danger and
risk being injured or killed [52]. While a horse’s safety is dependent on speed, their agility is limited in
small spaces by their size. This should inform those working with horses that, in the face of threat,
horses will have an urge to run, and the more startled or frightened they are, the more powerful this
urge will be [20]. They often run without any apparent regard for their own safety, seemingly when
above certain arousal thresholds to be unable to notice or process how to navigate obstacles. If they
are not so aroused as to flee in this way, they may be able to trial alternative behaviours to reduce
the perceived threat. However, the more aroused they become, the more they will default to natural,
energetically and pathologically costly behavioural solutions.

The ability to predict how horses may respond to threatening stimuli is a feature of what is known
as horsemanship [53] and, as such, it arms riders and trainers with valuable information against
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provoking dangerous horse behaviour. Understanding ethology can also help predict the kinds of
stimuli that may provoke extreme responses in horses. Horses are neophobic, so any unfamiliar
stimuli may be perceived as potentially threatening, and young and/or inexperienced horses are
likely to be triggered to escape by stimuli to which more-experienced horses may have habituated [20].
Furthermore, a horse that has been triggered to escape is likely to recognise the stimuli that started this
response very well, and may also recall other contextual stimuli, and associate them with the flight
response [31]. This could result in a horse being triggered to escape by stimuli to which it had been
previously habituated. Addressing these strong and problematic associations takes patience and care
to slowly build up a horse’s tolerance to stimuli that have previously set off a flight response [31].

Appreciating the social and locomotive needs of horses and being sure to meet them aids in
avoiding frustration. Frustration can be a serious problem, as it can foster aggression [33].

3.2. Use Learning Theory Appropriately

Learning theory informs the ways horses learn that are common to all animals, and includes
habituation, sensitisation, operant conditioning, shaping, and classical conditioning [25].

Habituation is recognised when animals stop responding to events and stimuli as they become accustomed
to them. As discussed above, horses are innately neophobic and often find characteristics such as the
size, novelty, proximity and sudden appearance of stimuli frightening or startling [54]. Movement may
mimic more threatening stimuli, such as stalking or rushing predators or conspecifics, particularly if it
is sudden, erratic, or advancing towards the horse [3]. This may overcome even familiar stimuli and
provoke unexpected responses. Habituation can reduce the intensity of reactions to aversive stimuli
and be facilitated by desensitisation. For example, horses may be gradually exposed to an aversive
stimulus with increasing intensity while ensuring that they remain in a calm state [55]. The horse
learns that a calm response is more relevant than an aroused and fearful response.

Sensitisation is when an individual’s response intensity is increased. In contrast to desensitisation,
repeated exposure to arousing stimuli results in an increased likelihood of a response of increased
speed or intensity to other stimuli as well. Being able to recognise this process when it is occurring
is important when managing a horse during exposure to potentially threatening stimuli. It is worth
noting that sensitisation to pressure cues from the rider is often desirable in equitation [56].

Operant conditioning describes training using rewarding or aversive consequences. Such consequences
are shown to be either reinforcing or punishing by their effect on the preceding behaviour. Therefore,
if behaviour reduces in frequency, duration or intensity, the behaviour has been punished, whereas if it
increases in frequency, duration or intensity, it has been reinforced. A behaviour can be punished by
applying a noxious stimulus, which is known as positive punishment, or by removing a desired stimulus,
which is known as negative punishment. Similarly, positive reinforcement describes the addition of
a desired stimulus, and negative reinforcement the taking away of a noxious stimulus. It is important
to understand which of the four operant processes is taking place. Punishments suppress behaviour,
and may have suppressive effects not only on the behaviour that was punished, but also on contextual
aspects and the horse’s future willingness or unwillingness to offer new behaviours [57]. In contrast,
reinforcement encourages behaviours, particularly approach behaviours, when the reinforcement used
is positive reinforcement [58]. Negative reinforcement is used extensively in horse-riding, with physical
pressure being applied to parts of the horse’s body and being released when the desired behaviour is
performed [57] (i.e., the release of pressure is reinforcing). It is therefore imperative that the release of
pressure be prompt, consistent, and easily achieved by the horse [3]. Negatively reinforced responses
that rely on aversive stimuli (such as most rein or leg signals) should be continuously checked and
maintained in order to avoid problem behaviours that may lead to reduced welfare [31] (i.e., so that
the horse does not habituate to the aversive stimulus).

Shaping is the gradual step-by-step building of behaviours, by reinforcing each step. The targeted
behavioural goal is achieved by rewarding successive approximations so that each step should differ
only slightly from the previous step [57]. The advantage of this approach is that it enables horses to
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have many successes on the way to learning the final behaviour, which is likely to encourage positive
emotional states associated with training [31].

Classical conditioning uses cues and signals to trigger and elicit behaviours. They must be precisely
timed to coincide with the start of the desired behaviour, and in that way, over time, they become cues
that predict and trigger the desired behaviour [59].

It is critical to use learning theory appropriately and with skill. The implications of using it
incorrectly are broad. The use of aversive stimuli in training to punish a behaviour are likely to
negatively impact the horse’s mood [60]. Where an animal’s experiences are frequently aversive, it
will expect more aversive experiences. This may make it more flighty and defensive. Furthermore,
incorrect use of operant conditioning and errors in shaping can lead to frustration, which can, in turn,
lead to aggression or conflict behaviours [31]. Understanding how habituation, sensitisation, and
classical conditioning work and having the ability to correctly identify when these processes are taking
place enables riders and trainers to avoid horses developing negative associations with training-related
stimuli and encourages horses to build positive or neutral associations. Negative associations lead
to negative moods [50], triggering potentially dangerous problems that have already been discussed,
such as vigilance, hyper-reactivity, and conflict.

3.3. Train Easy-to-Discriminate Signals

Operant and classically conditioned signals should be unique and easily discriminated, particularly
for signals that modulate behaviours in opposite directions [25]. Some examples are up/down gait
transitions and faster/slower gait variations. Signals that are blurred or ambivalent may lead to
horses becoming confused and distressed, particularly if the consequences of error are aversive, such
as the application of punishment, increased pressure, or apparently inescapable pressure [61]. This
could produce frustration and conflict with its associated dangers, but may also, paradoxically, lead
to an incorrect response, particularly when training behaviours that are relatively novel. When both
the correct and incorrect response have been reinforced, confusion may manifest as either a default to
commonly practised behaviours or a reversion to stress-related behaviours, such as escape, aggression
or apathy. Furthermore, similar signals for different responses may lead to the horse offering the
opposite response to what was requested. For example, if the conditioned stimulus for moving the
legs both “faster” and “slower” are similar (because the rider’s legs are involved in both responses),
then an incorrect discrimination is likely to lead to the horse increasing or decreasing speed when
asked to do the exact opposite. Such confusion can lead to dangers for humans and can have welfare
implications for horses.

3.4. Shape Responses and Movements

Training should begin by reinforcing any rudimentary attempts at the target behaviour [62,63] that
of course is completely unknown to the horse. Expecting the horse to extrapolate the correct response
can lead to confusion and frustration, and subsequent compromised welfare [64]. As discussed above,
this has implications for the safety of riders and trainers as it increases the likelihood of aggressive or
escape behaviours, but also may lead to decreased reliability in responding to signals, which could put
both horse and rider in the path of immediate danger, particularly if the horse does not stop or slow
when signalled [5].

3.5. Elicit Responses One-at-a-Time

Cues or signals should be given individually, with a clear separation between them. This ensures
that contradictory or conflicting signals are not given simultaneously, which can lead to inhibition of
both signalled behaviours [65], as well as behaviours declining in strength and, potentially, signals
being confused. The timing of signals should also be considered so that signals closely align with
the behaviours they are cueing. For example, horses have four fundamental gaits. In walk, there
are four beats, in trot, two beats, and in canter, three beats. The optimal time to elicit a response is
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when the leg is in swing phase because on the contrary stance phase, the limbs are preoccupied by
mechanical constraints [66]. The implications for this are that there are four moments in walk swing
phase in which to elicit an accelerating, decelerating or turning limb response, two moments in trot,
and three in canter. This principle has the same implications for safety as shaping responses and using
signals that are easy to discriminate between.

3.6. Train Only One Response per Signal

Each signal should elicit only a single response, so that it is clear to the horse which response
is being signalled. In the dressage domain, rein stimuli are often used both to make the horse arch
its neck, and for deceleration signals. In addition, rein cues signal the horse to turn, so tightening
reins to bend the horse’s neck could also mean deceleration, or an ambiguous turn signal. Finally, the
rider’s legs are frequently used for all the various locomotory effects as well as for turning and so
called “bending” the horse’s body. There is also a strong potential here for confusion, and this use of
one signal for several possible responses also violates the next principle of consistency.

Training only one response per signal is especially critical when separating acceleration and
deceleration signals, and signals for speed and direction. Ambiguous signals lead to confusion in the
horse, and a variety of broader effects on behaviour. Evidence in humans shows that ambiguity is
avoided as aversive [67], and it can produce context-specific responses in animals [68] that may result
in horses performing behaviours that are unexpected by the rider and may be punished, or produce
behaviours from the human that are unexpected by the horse. This may in turn lead to increased
conflict behaviours, incorrect behaviour at critical moments, hesitation, frustration, aggression, and
ongoing anxiety surrounding being ridden [20], all of which may produce horse behaviours that
endanger riders. One response may have multiple signals, but those signals should be exclusive to the
one response and not be used to elicit other responses [31].

3.7. Form Consistent Habits

Consistency is a powerful tool. From a training perspective, consistency in signals and what they
mean across different contexts also leads to consistency in the horse’s responses [25]. Clearly, this
outcome is desirable, and enhances rider and trainer safety by promoting reliability in the horse’s
readiness and ability to perform behaviours smoothly and without hesitation when signalled [69].
Consistency in the trainer’s approach to shaping so that successive steps always follow a similar
pattern no matter what behaviour is being trained helps a horse to predict how training sessions will
progress and the likely next steps that will be reinforced. This will reduce frustration, encourage
positive affective states and promote persistence in shaping sessions so that the horse will not become
frustrated or show a reduction in response rate when criteria change during shaping.

The same approaches that make consistency in and between training sessions beneficial may
also promote safety outside training sessions. Consistency in the sequence of activities handlers and
carers conduct around horses, the way they move, the way they vocalise, and when and how they
interact with horses can allow these animals to predict the chain of events that are relevant to them [53].
This may be a double-edged sword, as it can produce sensitisation to stimuli in some circumstances, but
where there are no stimuli producing powerful avoidance responses, it may have the opposite effect
and habituate horses to everyday activities and routines [54]. Horses that can predict the immediately
following events and know them to be safe are animals that will be more relaxed, less vigilant to
potential negative stimuli, less prepared to take evasive or defensive actions or to attempt escape, and
may be more exploratory and less fearful [23].

Inconsistent training and behaviour around horses can lead to the development of ambiguous
signals that are difficult for horses to reliably interpret and respond to. This decreases their control of
outcomes, leading to insecurity, which leads to diminished feelings of safety. This may compromise
rider and trainer safety by creating horses that are skittish and unpredictable as they try to anticipate
and adapt to surprising behaviour from humans.
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3.8. Train Persistence of Responses (Self-Carriage)

Self-carriage refers to the maintenance of learned behaviours that should not need constant
signalling or correction, but which the horse will continue performing until signalled otherwise [31,70].
If ongoing signals are required throughout the performance of a behaviour, it can have detrimental
effects on signalling. It may lead to dull responses where signalling becomes meaningless background
“noise” [59]. It may also lead to sensitivity and hyper-reactiveness to other stimuli. If a signal
involves tactile pressure, and is not released when the horse begins to perform the correct behaviour,
the horse does not know how to escape the pressure, and may experiment with undesired and
dangerous behaviours, such as bucking [71]. Rider safety can be compromised in both scenarios.
Equitation science encourages the use of sparse signalling as well as self-carriage of behaviours so
that signalling does not become constant [3]. This is in the interests of the horse, as it does not put the
animal in states of conflict, but it is also in the interests of the rider by avoiding hyper-reactivity or
a drop in responsiveness.

3.9. Avoid and Dissociate Flight Responses (Because They Resist Extinction and Trigger Fear Problems)

Research has suggested that horses displaying a fear response (either flight or fight) feature
prominently in horse-related injuries to humans [72]. Flight responses are related to seeking safety,
and as such, have unique characteristics that have become adapted to keep horses safe and to find
safety in the future. Flight responses are resistant to extinction, because threats to safety are serious
and the potential cost of judging a stimulus safe when it is not could be injury or death [27]. In contrast,
the cost of judging a stimulus unsafe when it is safe is likely to be less serious, such as missing
opportunities for access to or learning about important resources (e.g., nutritious food, shelter, or
mates). Flight responses are also prone to spontaneous recovery, even after alternative behaviours
have been trained [27]. So, avoidance behaviours may continue even when the emotional need for
avoidance is no longer driving the behaviour.

Flight responses are associated with a host of physiological and cognitive changes that are
extremely effective at helping horses remove themselves from perceived danger and avoiding that
danger in the future, but those same changes can be problematic in training and riding, as well as
making horses unsafe [20]. High arousal and increased muscle tone make a horse very physically
responsive to stimuli so they are primed to flight at the first hint of potential danger [73]. This is likely
to give them the best chance of finding safety in the face of threats, but it is also likely to result in
skittishness and unpredictable responses as they process stimuli through the filter of their state of
high alertness. Furthermore, high arousal is damaging to the execution of problem-solving skills and
concentration [50]. When an animal is in acute distress, such as that brought on by an urge to take flight,
problem behaviours such as bolting, aggressive displays, distance-increasing behaviours, or apathy
are likely to emerge [64]. These behaviours can be dangerous for horses and for humans working
with or around them, and can also create instant negative associations with stimuli that the horses
perceive when their need to escape becomes powerful [64]. The horse is also likely to become firmly
entrenched in any behaviour that seemed to assist escape, which can mean that a horse learns to engage
in dangerous behaviour to avoid perceived threats [71]. It may be that just the appearance of those
perceived threats (e.g., someone approaching with a lead rope) can provoke avoidance behaviours that
have been successful in the past even before there is any further indication of potential threat [43].

It is believed that when horses are often exposed to threatening stimuli, they can become
chronically stressed [74] and that chronically elevated cortisol concentrations may result in health
problems that reflect compromised immunity [75] but it can also come with a host of other potential
problems that are likely to negatively impact performance and rider safety. These include learning
and memory deficits, conflict behaviours becoming ritualised, redirected aggression, and long-term
insecurity leading to problems such as separation-related distress, stereotypies, fear of conspecifics
and heightened neophobia [76]. Chronically stressed horses may also develop a negative expectation
bias, which can result in reduced interest in accessing reinforcers, and a subsequent cycle of negative
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emotional states perpetuated by negative expectation bias and avoidance and escape behaviours.
This cascade may prevent adjustment to expectations and lead to risk aversion that discourages the
explorations that might give them access to reinforcers that could improve mood [74].

Thus, chronic stress can result in a horse that may be volatile and unpredictable, may behave
aggressively, and present extreme escape behaviours that can unseat and injure riders. Such horses
may also have difficulties learning alternative behaviours due to their negative expectations and
their preoccupation with performing behaviours that have successfully delivered escape and safety
in the past. Furthermore, high glucocorticoid concentrations associated with chronic stress can affect
cognition and memory, enhancing memory consolidation for avoidance learning, but hampering recall
of other memories [77]. Equitation science demands avoidance of provoking flight responses, which,
arguably, present the most dangerous aspects of horse behaviour. Horses attempting to take flight
may fail to notice humans in their way, may be compelled to barge past them, or may view them as
an obstacle to escape that heightens their distress or provokes human-directed aggression [20]. It is
important to realise that horses in such states are often incapable of responding to signals in the way
they have been trained, and are probably prioritising their own safety. This usually means increasing
their distance from fear-inducing stimuli by whatever means are available. Where they are unable
to do this with escape behaviours, they may attempt to do so through aggression [37]. Furthermore,
their focus on imminent danger is likely to lead them to misinterpret, signals, stimuli, and human
behaviours that they may be both familiar and comfortable with as threatening.

Attempts at training alternative behaviours without addressing the cause of the flight response
may introduce further conflict or may cause it to be expressed in new ways. In addition, the horse
may identify additional threats, such as humans stalking or chasing it, and this risks the horse making
a single-trial association between its high arousal state and stimuli it has formerly been comfortable
with, including humans, mounting blocks, or tack [58].

Flight responses in horses are clearly dangerous on several levels. Equitation science emphasises
avoiding provoking them in the first place, but where this has occurred, it is important to realise that
such horses have probably also associated their threatened safety with stimuli or events that occurred
or were present at the time of the expression of these flight responses [3]. Dissociating those signals
from flight responses may be difficult and time consuming, with many trials needed, but it must be
achieved, and with minimal further threats to the horse’s perceived safety. This is why equitation
science also recommends that the original source of a flight response and conflict be ascertained and
addressed. For example, dysfunctions in negative reinforcement of deceleration responses require that
these responses be retrained through the correct use of negative reinforcement or combined negative
and positive reinforcement.

3.10. Demonstrate Minimum Levels of Arousal Sufficient for Training (To Ensure Absence of Conflict)

As discussed, arousal levels are associated with performance. The nature of the association depends
on the task to be performed. If the task is complex, requiring assessment of options, problem-solving,
precision, or self-control, the relationship can be described as curvilinear or an “inverted-U”, (i.e., the
shape of a graph with performance on the y-axis and arousal on the x-axis), with poor performance
when arousal is low and the quality of the performance increasing until arousal is at a moderate
level before declining as arousal peaks [50]. At low arousal, performance is poor because arousal is
linked to interest and motivation, which are needed for the investment of energy into a related task.
Performance increases with arousal to reach its maximum at moderate arousal, where the optimal level
of arousal promotes interest in performing the task and speed in performance without the detrimental
effects of high arousal. Increases in arousal beyond its optimal level lead to ever-poorer performance,
while at the same time facilitating bursts of speed or strength. This can be explained by attributes of
animals in high arousal that may impair performance, such as increased muscular tonus reducing
the capacity for precise movements, and the sharpening of focus onto a single task or stimulus that
may make animals less attentive and unable to respond to other stimuli [78]. This means that highly
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aroused horses may struggle to process signals not directly related to the salient stimuli, hampering
problem-solving and the detection of and appropriate response to other external stimuli [3]. It also
amplifies the veracity of the earlier mentioned Principle 5, that responses should be elicited singly.

There are several theories of arousal [79,80], and many attempt to account for deviations in this
inverted-U pattern. It is posited that where the required task is simple and highly relevant to the
consequences of performing it, higher arousal will generally improve performance in a linear fashion
and there will be no dramatic decline at higher levels [79]. For example, where a horse’s goal is to
escape a noxious stimulus, increased arousal will increase heart rate and blood pressure, serving to
increase speed. The horse’s focus will narrow to fixate on escape routes. Such horses are now in a good
state to get to safety as quickly as possible, but if they are required to perform a complex task in order
to do so, such as negotiating a maze, they will need a lower level of arousal to accomplish their goal
quickly and efficiently.

High arousal states may improve performance for simple, energetically costly behaviours, but it is
possible that they come with additional risks other than lack of precision and impaired problem-solving
and decision-making skills. Arousal is a state of readiness, so it follows that at higher levels it may come
with ever-increasing likelihoods of very active behaviours, and an ever-increasing dependency on
them to solve any problems or threats that may be encountered. In a large prey animal such as a horse,
this could make them more prone to dangerous behaviours related to flight or aggression, regardless
of why they initially became aroused. It is possible that being in the presence of an attachment figure
may help them to moderate arousal [81]. As such, equitation science encourages trainers to aim for
promoting the minimum arousal level required to perform the target behaviour [82]. Not only will
this support the horse’s ability to adapt to changing conditions appropriately and respond correctly
even to unanticipated signals, but it will also reduce the likelihood of dangerous flight responses
and aggressive behaviour in the case of conflict or when startled, and thus keep trainers and riders
safer [20].

4. Conclusions

Horses can weigh more than 500 kg and are prone to strong flight responses. The danger they
present when highly aroused and fixated on creating distance between themselves and perceived
threats cannot be overstated. Those working with horses may inadvertently trigger flight responses,
or be seen as a threat to be escaped from or driven away by horses, depending on environmental
conditions such as available space or the presence of other threats. Humans can behave in ways that
confuse, frustrate and frighten horses, or a combination of all three. Minimising the likelihood and
strength of flight responses by managing a horse’s arousal and emotional state is one element of the
ISES 10 Principles of Equitation Science that may serve to guide human behaviour around horses to
promote human safety. These principles also address training goals that serve to minimise frustration
and confusion in horses during horse-riding and husbandry with best practice use of learning theory
and an understanding of equine ethology. These principles are likely to enhance human safety by
promoting consistency and responsiveness in horses and avoiding conflict during the training of new
behaviours and signalling of known behaviours.
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Simple Summary: The handling and riding of horses can be quite dangerous. Although the use of
protective gear among equestrians is increasing, a high number of incidents occur and the voluntary
use of safety equipment is described as inconsistent to low. Therefore, this study looks at the safety
behavior of German equestrians and at factors influencing this behavior to decrease the high number
of horse-related injuries. The results reveal that attitudes towards safety products as well as the
protective behavior of other horse owners and riding pupils from the stable are key factors that might
alter the safety behavior of equestrians.

Abstract: Human interactions with horses entail certain risks. Although the acceptance and use of
protective gear is increasing, a high number of incidents and very low or inconsistent voluntary use
of safety equipment are reported. While past studies have examined factors influencing the use of
safety gear, they have explored neither their influence on the overall safety behavior, nor their relative
influence in relation to each other. The aim of the present study is to fill this gap. We conducted an
online survey with 2572 participants. By means of a subsequent multiple regression analysis, we
explored 23 different variables in view of their influence on the protective behavior of equestrians. In
total, we found 17 variables that exerted a significant influence. The results show that both having
positive or negative attitudes towards safety products as well as the protective behavior of other horse
owners or riding pupils from the stable have the strongest influence on the safety behavior of German
equestrians. We consider such knowledge to be important for both scientists and practitioners, such
as producers of protective gear or horse sport associations who might alter safety behavior in such a
way that the number of horse-related injuries decreases in the long term.

Keywords: protective behavior; horse; equestrians; horse-related accidents; safety equipment; risk;
injury prevention; multiple regression analysis

1. Introduction

According to estimates of the Food and Agricultural Organization of the United Nations FAOSTAT
for the year 2013, there are approximately 60 million horses worldwide [1]. Equestrianism today
encompasses both recreational as well as professional activities that are becoming increasingly popular
in many parts of the world [2–4]. Human interactions with horses, whether while handling a horse
on the ground or mounted, entail certain risks [5–8]. The literature shows a high rate of horse-related
injuries and fatal accidents [6,9–11]. Part of the risk is related to the rider’s ability to predict the
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behavior of the horse. Equestrianism is the only sport that involves a non-human partner that is not
only much larger and stronger than its human teammate, but also able to achieve high speeds of up to
65 km/h. Additionally, as a herd and prey animal, the horse has a natural, ethologically predictable
flight reflex when facing potentially frightening situations and environments [3–7,12]. To prevent
responses from the horse to external frightening stimuli that might endanger the rider, the rider needs
to be able to correctly assess and control such flight behavior [13]. Numerous studies stress that horse
riding is as dangerous as—or even more hazardous than—other medium- and high-impact sports like
motorcycle riding, skiing, automobile racing, football, or rugby [5,7,9,11,14]. Although descriptions of
the incidence rate of horse-related injury vary and tend to be underreported, most studies agree that
the severity and fatality rate of equestrian injuries can be high [2,10,15]. Differences in risk assessment
stem from the unknown number of participants in equestrian sports as well as the unknown number of
hours of horse-related activity per equestrian [10]. These numbers are difficult to estimate but reported
rates show that one in five equestrians will suffer a severe injury during their riding career [10] and
that, compared to other sports, equestrianism has the highest mortality rate with an annual death rate
of 1 in 1 million population [11,14,16].

The most common horse-related injuries involve the head, the spine, or the extremities [5,14,17–19].
Head injuries are the most serious and most deadly [9,19,20]. In addition to education about horse
behavior, safe riding practices, and the proper handling of horses, as well as an increase in personal
safety awareness, the use of protective equipment such as helmets or protective vests are commonly
recommended strategies to avoid serious horse-related injuries [2,4,7,19,21]. Several studies have
already examined and confirmed the effectiveness of helmets within different sports regarding their
potential to prevent both frequency and severity of injury, indicating a head injury risk reduction
of 60–88%, depending on the type of sport [2,7,22–24]. Regarding the equestrian context, previous
studies noted a considerable decrease in both the severity and frequency of head injuries due to
an increased use and improved design of protective helmets [4,10,18,25]. Although an increasing
acceptance and awareness regarding the utility of helmets has already been shown, numerous
studies report a high number of incidents and very low or inconsistent voluntary use of safety
equipment [4,6,7,14,18,19,26,27]. Most studies regarding helmet use report low rates, with fewer than
40% of riders wearing helmets at the time of injury [3,7,9,12,14]. In contrast to the studies on helmets,
there is still a need for research to confirm the effectiveness of protective vests, which are also less
commonly used than helmets [2,10,19]. However, the wearing of protective vests is often generally
recommended and they are also becoming increasingly popular [2,7].

Some studies have also looked at the reasons behind the refusal to wear protective equipment, in
particular regarding equestrian helmets. Multiple psychological, social, and cultural barriers seem
to be present [12]. Studies have reported a negative attitude towards helmets among some riders.
These equestrians think of helmets as uncomfortable, unnecessary, silly-looking, too expensive, or
restricting rider movement [19,26,28]. Some equestrians seem to perceive that horse-riding is not a
risky pastime or that the risk is somehow controllable due to experience with and knowledge about
horses or familiarity with certain situations and environments [26,27]. Social influences exerted by
trainers, family members, peers, and the media may contribute to poor helmet use among riders, too.
However, these same influences can also promote the use of protective equipment and act as role
models, in particular for young equestrians, simply by adopting the use of protective equipment [26,27].
Furthermore, a certain risk perspective that accepts the unavoidable risk inherent associated with
equestrianism regardless of riding experience seems to enhance the use of safety equipment [27].
These results underline the complexity regarding the relationship between risk perception, safety
knowledge, attitudes, and protective behavior [27].

A large number of retrospective scientific studies that deal with horse-related risk are now
available. These studies have focused on the epidemiology of equestrian-related injuries, identification
of risk factors, and the higher-risk groups. They also explore the use and efficacy of technical
interventions and safety equipment. In comparison to these studies, research has rarely investigated
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factors associated with preventing injuries [6,7,19,27,29]. Therefore, examining the preventative
measures adopted by equestrians and identifying the influences that promote the adoption of safe
practices would be useful [3,6]. Such influencing factors have received comparatively little attention
to date. Previous research has tended to focus on the adoption of specific protective equipment
(e.g., helmets, vests, boots) or the risk of injury rather than the overall adoption of safety-oriented
behavioral practices by equestrians [2,17,26,27]. The present study aims to fill this gap by identifying
potential influencing factors and quantifying their impact on the safety behavior of equestrians.
An understanding of the drivers for adoption of safety behavior not only informs the scientific discourse
but also provides information that can prove useful for producers of equestrian safety equipment or
for policy makers regarding, for example, the decision on mandatory helmet use. Administrators of
equestrian associations can also use this information to more effectively influence the adoption of safe
behaviors by their members. In other fields, such as car driving [30,31], motorcycle riding [32], or
bicycle helmet use [33], several studies have already demonstrated that the identification of influencing
factors on and determinants of risk behavior provides important information and indications for the
design of safety campaigns and for the development of other countermeasures to reduce risk-taking
behavior. Identifying influencing factors to alter horse-related safety behavior might therefore also be
helpful to reduce the number of horse-related injuries and might further provide useful insights for
other high-risk sports and activities where the use of protective gear is recommended, such as cycling,
climbing, or skiing.

2. Methods

2.1. Hypothesis Development

The aim of the present study is to look at potential influencing factors and their impact on the
overall safety behavior of equestrians. For this purpose, we measured overall safety as an index
including the use of specific protective equipment and the adoption of additional safety measures
related to equestrianism (see Section 2.2). In the following, we will briefly present the factors considered
here and will derive hypotheses about their potential influence on the protective behavior from
the literature.

Several patient surveys repeatedly mention gender as a demographic aspect in connection with
horse-related risk. Their results show that the majority of the injured equestrians were young females
and conclude that female gender represents a considerable risk factor [2,5,7,17,18,20]. This might
be due to the fact that mainly women practice equestrianism [2,7]. However, a multiple regression
analysis searching for factors predicting equestrian injury found that the fact that women are more
often involved in equestrian activities does not seem to be a reason why women are injured more
frequently [17]. Yet, despite the fact that females are getting injured more often, it has also been noted
that male equestrians tend to suffer from more serious injuries [4] and less frequently use helmets and
other protective gear [26]. In conformity with the more general finding that men are generally less
risk-averse than women [34], we assume that:

H1: Female equestrians demonstrate more pronounced safety behavior than their male counterparts.

In view of the link between age and horse-related risk, young riders aged between 10 and 35
constitute the most vulnerable group [4,5,7,18,19]. The share of riding accidents in the total number
of fatal sport accidents among children and teenagers is estimated at up to 25% [4]. Some studies
found that adolescents take more risks than older individuals, which leads to less pronounced safety
behavior [35,36]. In contrast, a study on helmet use within the equestrian community revealed that,
due to their lack of experience, young riders perceive themselves as being at a greater risk of injury
and tend to wear a helmet more often, while older equestrians are less likely to wear protective gear
and, if at all, only do so in certain circumstances that are considered potentially hazardous, such as
riding a strange or young and unexperienced horse [26]. Hence, we expect that:
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H2a: Older equestrians will show less pronounced safety behavior.

H2b: The age group of children and teenagers protects itself more intensively than older equestrians.

However, perceived social responsibility and the aspiration to act as a behavioral role model
positively influence adult behavior regarding safety equipment such as the use of safety helmets.
Research has shown this relationship within different kinds of sports and leisure activities, for
instance cycling [37], winter sports [38], and also within equestrianism [27]. Scientific research on risk
preferences further shows that men and women experience a considerable increase in risk aversion
when they have a child, whereas this increase is largest shortly after giving birth and disappears when
the child becomes older [39]. Therefore, we assume a positive relationship:

H3: Equestrians with children show more pronounced safety behavior.

Another factor related to horse-related risk is riding experience. Several studies noticed that novice
and unexperienced riders constitute a particularly sensitive risk group [4,7,10,15,17,29,40]. In volume
terms, a study revealed that the probability for a horse-related injury is three times higher for novice
riders compared to moderately experienced riders, five times higher compared to experienced riders,
and eight times higher compared to professional riders. In line with this, previous research also found
that more years of experience have a decreasing effect on the incidence rate of horse-related injuries [10].
However, several studies agree that experience alone does not necessarily moderate the severity of
injuries [4,10] and professional riders’ accidents were found to result in more serious injuries, which
may be due to the fact that they train and compete at an increased level of difficulty [7]. Regarding
the willingness to wear protective equipment, less experienced equestrians tend to—according to
the higher risk they are exposed to—protect themselves more often by means of a safety helmet
than experienced riders [10]. Among more skilled equestrians, experience seems to act as a popular
argument for foregoing a riding helmet, whereas some even seem to hold the prejudice that wearing
protective headgear is automatically associated with being an inexperienced rider and has to be
avoided [26,27]. In view of these findings, we expect the following relationships:

H4a: Novice riders protect themselves more than experienced equestrians.

H4b: The more experience a rider has, the less effort s/he puts into protecting himself/herself.

In relation to the opinion that experience can replace other protective measures to prevent serious
injury, it can make a difference whether one has already been personally involved in a horse-related
accident [27]. Looking at other sports, in the context of alpine ski racers and sky divers some studies
have already shown that witnessing the injury of a teammate can lead to fear, which in turn might
lead to increased safety behavior [41,42]. We therefore also assume for the equestrian context that:

H5a: The more severe a directly experienced riding accident, the more pronounced the protective behavior.

H5b: The more severe a directly observed riding accident, the more pronounced the protective behavior.

Another risk-related factor is the preferred riding style, as different forms of horse riding
can be more dangerous than others due to speed, the need to jump obstacles, or unfamiliar
surroundings [15,26]. A study on the most hazardous riding activities revealed that riding outdoors
was particularly prone to accidents, followed by dressage, show-jumping, and eventing [19].
Previous research further notes that equestrians practicing one of the English-style riding disciplines
(dressage, show-jumping, and eventing (formerly military)) more frequently wear protective
helmets [14,26]. Conforming to this finding, helmets are being increasingly employed within a
competitive setting [7], with the English-style disciplines traditionally being those with the strongest
competitive orientation [43]. For example, in the case of show-jumping, which is also perceived as
a higher-risk activity that requires extra protection, riders consider a hard helmet as common [7,17].
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Similar thoughts apply to eventing, which represents another equestrian discipline associated with
high injury rates [11]. Due to these well-known elevated risks, we expect that equestrians who
participate in show-jumping and eventing have a higher acceptance and necessity for safety equipment
and we therefore hypothesize that:

H6a: Eventers and show-jumpers show more pronounced protective behavior.

As riding helmets are also known as traditional equipment within dressage riding—except for the
rather small group of upper-level dressage riders, who prefer to wear a soft, non-protective hat—and
dressage furthermore belongs to the English riding disciplines, which have been observed to have a
higher helmet use rate, and, as they are more competition-oriented, are also more likely to accept the
use of protective vests [7,14,26]. We expect that:

H6b: Dressage riders show more pronounced protective behavior.

In contrast to the English-style riders, Western riders are less likely to wear a protective helmet
because they consider brimmed hats or Stetsons as appropriate headgear within the traditional Western
riding culture [7,14,26]. Western riding also belongs to the so-called recreational riding styles, which
Havlik [7] found to have much lower helmet use rates and to be less likely to wear protective vests
compared to the more competition-oriented English disciplines. We assume that:

H6c: Western riders show less pronounced protective behavior.

As it is still difficult to enforce helmet use in the non-competitive, recreational, or training setting,
particularly in riding styles where the classical helmet and the protective vests are not part of the
traditionally accepted attire, we further suggest that [7]:

H6d: More recreational riding styles show less pronounced protective behavior.

As already mentioned above, a dangerous but very popular riding activity consists in riding
outdoors, which is principally independent of the preferred riding discipline. Horse and rider usually
are in more or less unknown surroundings and have less control over their environment, which
is one of the reasons why riding outdoors is considered one of the most dangerous pastimes on
horseback [6,14,19]. Depending on the surroundings, riding outdoors can also be quite dangerous; in
the case of a fall, the ground is likely to be harder than the usually soft riding surfaces, or in the case
of the uncontrollable flight of the horse one might hit low branches or even pedestrians or cars. Due
to the high risk associated with riding outdoors, we assume that equestrians pay more attention to
safety behavior when riding in the countryside compared to riding in familiar environments such as a
domestic riding hall or a riding ground and it is postulated:

H6e: Equestrians who spend much of their time with horses outdoors show more pronounced
safety behavior.

Several studies also discuss whether there are certain characteristics of the horse, such as
breed, type, temperament, or gender, which might represent a risk factor regarding horse-related
injuries [6,17,26]. For example, different breeds are associated with certain personalities or specific
behaviors such as thoroughbred horses, which rate as rather anxious and excited horses [44] and
are less suitable for unexperienced equestrians [4,6]. Research found that typical sport horses such
as warmblood horses and thoroughbreds are more reactive [44,45], and hence riding them tends
to imply a higher risk. Warmblood horses and thoroughbreds are breeds traditionally used by
competition-oriented English-style riders, who show a generally higher helmet and protective vest use
rate [7,26]. Therefore, we assume for the overall safety behavior that:

H7: Riders of sport horses such as thoroughbred and warmblood horses show more pronounced
safety behavior.
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Previous research has already shown the influence of other equestrians on safety behavior like
helmet use or other protective measures, e.g., by trainers and other horse owners or riding pupils at
the stable [26,27]. This effect is likely to also hold true for the overall protective behavior and therefore
we expect that:

H8: The influence of other horse owners or riding pupils from the stable who attach great importance
to safety has a positive impact on the protective behavior of equestrians.

Another important aspect regarding equestrian protective behavior relates to the attitude towards
specific safety equipment and to horse-related risk perception. For example, previous studies found
that negative attitudes towards equestrian helmets—regardless of whether they were perceived as
useless, unattractive, or uncomfortable—will exert a negative influence on the willingness to use
a protective helmet, whereas a positive attitude can exert a positive influence [26,27]. This finding
probably also applies to other items of safety equipment. Accordingly, we assume that:

H9a: A positive attitude towards protective equipment is linked to more pronounced safety behavior.

H9b: A negative attitude towards protective equipment is linked to less pronounced safety behavior.

Finally, in line with findings in the general literature on risk perception that indicate that
perceptions of risk can increase preventive behavior [46,47], we address whether the risk perception
of the equestrians is influencing protective horse-related behavior [27]. In this context, we expect
that the more risky horse-riding is perceived to be by equestrians, the more likely they are to wear
protective gear:

H10a: A sensitive risk perception in general leads to more pronounced safety behavior.

H10b: A positive horse-related risk perception leads to more pronounced safety behavior.

2.2. Materials and Methods

The data for the present study were collected through an online survey that was open for about six
weeks from April to June 2015. The aim of the study was not only to gain information about the protective
behavior of equestrians but also to test the effectiveness of a potential campaign for equestrian safety.

The survey comprised four major sections. The first part concerned questions regarding the
general horse-related behavior such as riding discipline, experience, skill level, or horse ownership.
The second part aimed to collect information about safety-related equestrian behavior such as risk
perception and the attitude towards protective gear, the possession and use of safety equipment, former
accidents, etc. We designed the third part to test the effectiveness of five different safety campaigns
and the fourth part comprised questions on general socio-demographic characteristics. We measured
most items on a five-point Likert scale. We further utilized single choice, multiple choice, semantic
differential, and open questions. The survey used EFS Survey software and was promoted on various
German websites and social networks related to equestrian sports such as equestrian journals, horse
sport, and breeding associations. In total, 2572 equestrians participated in the survey.

To measure the overall safety behavior, we computed an index based on two factors.
The first factor involved the wearing of concrete safety gear such as helmets, safety vests, airbag
vests, and combinations of safety and airbag vests in different riding situations (dressage work,
jumping/eventing, riding outdoors, riding in the riding hall, riding on the riding arena, and riding
unknown horses). We measured the intensity of this behavior on a five-point Likert scale of 1 = Never
to 5 = Always. As airbag vests and combinations of safety and airbag vests are worn less frequently
(see Section 3.1), we double weighted their score. The second factor concerned additional safety
measures such as ensuring that the horse has enough access to a free-range area, that the horse has a
balanced and reliable character, the use of safety stirrups, riding outdoors only in a group instead of
alone, and lunging the horse before it is ridden. We also weighted these activities according to their
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prevalence within the sample, with the less frequent activities being more heavily weighted so that
high index levels indicated very pronounced safety behavior. The calculated safety behavior index
had a theoretical range of 0 to 107 (see Section 3.1).

2.3. Analysis

We analyzed the data with the statistics software IBM SPSS Statistics 23. For the purpose of the
present study both uni-, bi-, and multivariate procedures were applied. As risk perception and the
attitude towards protective equipment were measured by various statements, initially a factor analysis
was used for dimensional reduction. In a second step we conducted a multiple regression analysis with
the safety behavior index as a dependent variable to identify and determine the impact of significant
influence factors.

3. Results and Discussion

3.1. Sample Description

Of the 2572 respondents, 5.2% were male and 94.8% were female and the average age was
32.5 years (SD: 11.9 years; min.: 12 years; max.: 75 years); 21.4% had one or more children. A large
proportion of the respondents had completed their high school education (73.0% had passed the
German high school examination). With regard to the basic population of German equestrians, reliable
and comparative data is scarce. The only data available originate from the Allensbach Institute for
Demoscopy (AWA). Compared to their data from 2014, our sample has a higher-than-average number
of females (AWA: 22% male; 78% female) and a higher proportion of respondents who had completed
high school education (AWA: 41% with a German high school exam) [48]. However, as comparative
data are missing it is difficult to assess whether the AWA figures are also representative. Due to the
lack of available data, it is therefore not possible to determine whether our sample is representative
for the basic population of equestrians in Germany. Yet, it is a large sample that is suitable for a first
exploratory study within the equestrian context.

Related to equestrianism, the participants reported that they had been practicing horse-riding for
19.9 years on average (min.: 1 year, max.: 62 years). Table 1 shows the skill level and preferred riding
styles of the participants.

Table 1. Skill level and riding styles.

Skill Level %

Beginner 30.2
Intermediate 49.0

Advanced 20.8

Riding Styles (Multiple Answers Were Possible) %

Outdoors 82.7
Dressage 75.0

Show jumping 38.9
Eventing (former military) 13.9

Western riding 12.6
Riding of gaited horses 11.5

Approximately 98.1% of the participants reported that they had already witnessed a riding accident,
with 15.1% ending up in a severe or very severe injury and 68.0% in slight or very slight injury. Another
98.1% reported having been injured themselves, with 15.8% serious and very serious injuries and 64.1%
light and very light injuries. The most often affected body parts are shown in Table 2.

The possession and use of safety equipment is shown in Tables 3 and 4. The calculated safety
behavior index was 22.9 on average and varied from 0 to 71.5 (SD: 8.5). The Kolmogorov–Smirnov test
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on normal distribution was highly significant, rejecting the hypothesis of normal distribution of the
index. However, the graphic representation showed a good approximation of normal distribution.

Table 2. Most often affected body parts.

Affected Body Parts %

Upper extremities 28.8
Lower extremities 15.0

Pelvis 13.0
Spine 10.1
Head 8.1

Table 3. Possession of safety gear and other safety measures.

Safety Equipment (n = 2572) %

Protective helmet 97.7
Safety stirrups 46.7
Protective vest 44.1

Airbag vest 3.3
Combination of protective and airbag vest 0.9

None 2.0

Other Safety Measures (n = 2570) %

Horse has enough access to a free-range area 84.9
Select horses that show a more predictable behavior 57.7

Riding outdoors only in a group 32.1
Lunging the horse before it is being ridden 10.8

Table 4. Percentage of riders always or often using safety equipment in different riding situations
(top-2-box).

Riding Situation

Safety Equipment

Protective Helmet Safety Vest Airbag Vest Combination of
Safety/Airbag Vest

Jumping/eventing 96.0 % (n = 1911) 78.1 % (n = 917) 88.7 % (n = 62) 81.0 % (n = 21)

Riding of
unknown horses 95.6 % (n = 2312) 43.8% (n = 934) 49.2 % (n = 65) 45.0 % (n = 20)

Riding outdoors 92.4 % (n = 2500) 40.4 % (n = 1087) 55.1 % (n = 78) 33.3 % (n = 21)

On the riding arena 83.0 % (n = 2487) 17.2 % (n = 1054) 32.4 % (n = 74) 9.1 % (n = 22)

Dressage work 82.7 % (n = 2406) 14.7 % (n = 1023) 31.1 % (n = 74) 4.8 % (n = 21)

In the indoor
riding hall 82.1 % (n = 2385) 15.1 % (n = 1022) 29.2 % (n = 72) 9.1 % (n = 22)

Note: items were measured on a scale of 1 (always) to 5 (never); the use of the respective safety product is
illustrated here as top-2-box including 1 (always) and 2 (often).

3.2. Preliminary Factor Analysis

We conducted an exploratory factor analysis (principal component analysis with orthogonal
rotation (varimax)) to reduce the statements regarding the attitude towards safety equipment and risk
perception to a lower number of factors. It revealed seven factors that are shown in Table 5.

Both the Kaiser–Meyer–Olkin value (0.887) and the Bartlett’s test of sphericity prove that the
present data set is suitable for the application of a factor analysis [49]. We measured the reliability
of each factor with the Cronbach’s Alpha value, where values higher than 0.6 indicate a reliable
factor, and values higher than 0.5 are accepted in the early stages of research [50,51]. We attained a
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Cronbach’s Alpha higher than 0.6 for all factors except for factor 7, which only reaches a value of 0.5.
However, as its content is quite interesting and the value is not too low, we decided to keep it for further
investigation. During reliability analysis regarding factor 6, the statement that aimed at investigating
the influence of peer groups “I always wear a helmet/vest, because everybody in our stable does it”
did also load on this factor but did not fit well regarding the content of the factor. Elimination of this
statement did not decrease the reliability of the factor so we removed it from factor 6.

Table 5. Results of the exploratory factor analysis.

Factor Variable/Statement Factor Loading

Factor 1: Perception of general
riding risks
(Cronbach’s Alpha = 0.869)

Grooming the horse is particularly dangerous. 0.845

Doing ground work with the horse is
particularly dangerous. 0.790

Riding in the riding hall is particularly dangerous. 0.738

Grooming the hind legs of a horse is
particularly dangerous. 0.732

Riding in the riding arena is particularly dangerous. 0.721

The loading of horses is particularly dangerous. 0.531

Factor 2: Negative attitude
towards safety equipment
(Cronbach’s Alpha = 0.740)

Safety equipment such as helmets or vests is
simply uncomfortable. 0.731

Safety equipment such as helmets or vests
look unflattering. 0.725

Safety products are too expensive; I prefer spending
the money on my horse. 0.576

I want to relax when practicing my hobby and don’t
want to think about risks. 0.574

I believe that safety products do not really protect in
the most serious cases. 0.541

Nothing has ever happened to me when riding; I
think the risk is often exaggerated. 0.538

Safety equipment is just for kids. 0.516

Factor 3: Perception of special
riding risks
(Cronbach’s Alpha = 0.736)

Jumping in the country is particularly dangerous. 0.774

Jumping over an obstacle is particularly dangerous. 0.689

Riding on/beside a country road is
particularly dangerous. 0.556

A prize-giving ceremony during an equestrian event
is particularly dangerous. 0.505

Carriage rides are particularly dangerous. 0.411

Factor 4: Perception of general
health risks
(Cronbach’s Alpha = 0.717)

Insufficient exercise is particularly dangerous. 0.708

Insufficient sleep is particularly dangerous. 0.701

Stress is particularly dangerous. 0.679

Eating lots of fat and sugar is particularly dangerous. 0.644

Being exposed to the sun unprotected for a long time
is particularly dangerous. 0.517

Alcohol consumption is particularly dangerous. 0.450
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Table 5. Cont.

Factor Variable/Statement Factor Loading

Factor 5: Perception of extreme
and motor sport risks
(Cronbach’s Alpha = 0.602)

Motorbike riding is particularly dangerous. 0.735

Extreme sports like sky diving and cliff climbing are
particularly dangerous. 0.704

Fast driving is particularly dangerous. 0.569

Factor 6: Positive attitude
towards safety equipment
(Cronbach’s Alpha = 0.635)

Riding without helmet is particularly dangerous. 0.597

Riding without a safety/airbag vest is
particularly dangerous. 0.511

Bicycle riding without a helmet is
particularly dangerous. 0.466

Factor 7: Risk averse
perception and behavior
(Cronbach’s Alpha = 0.501)

I’m willing to spend money on safety equipment. 0.752

I’m fully aware of the risk of horse riding. 0.708

Note: KMO: 0.887, Bartlett’s test of sphericity highly significant (p < 0.001), explained variance: 51.91%.

3.3. Multiple Regression Analysis

We computed a multiple regression analysis to test the influence of the discussed factors (see
Section 2.1) on the safety behavior of equestrians (for an overview see Table 6). We selected the forced
entry method as stepwise regressions are often criticized to be influenced by random variation in the
data causing non-replicable results. The model is able to explain 39.2% of the variance of the dependent
variable. The ANOVA further confirms that the model, overall, is a significantly good prediction of the
safety behavior index as dependent variable [51].

We examined the quality of the multiple regression analysis in terms of multicollinearity,
autocorrelation or residuals, and heteroscedasticity. Multicollinearity can represent a serious problem
when there is a strong correlation between two or more predictors. We examined both the correlation
matrix and the variance inflation index (VIF). The correlation matrix showed only correlations smaller
than 0.7 and the VIF was substantially smaller than 10 for all of the predictors. These results show
that collinearity does not apply for this model. We looked at the Durbin–Watson statistic to detect
the presence of autocorrelation in the residuals. The attained value was very close to 2, showing the
assumption of independent errors as fulfilled. We used the plot of standardized residuals against
standardized predicted values to test the assumption of homoscedasticity. It revealed that the graph
looked slightly like a funnel, indicating moderate heteroscedasticity. To check for cases that might
be influencing the regression model, we calculated both Cook’s distance and Mahalanobis distance.
Both criteria were fulfilled and less than 5% of cases had standardized residuals above 2 (and 1.6%
had standardized residuals above 2.5). In conclusion, there does not seem to be a major problem with
influential cases [51].

In total, we included 23 variables in the regression model. Thereof, 17 variables showed a
significant influence, while we found no significant influence on the horse-related safety behavior of
the variables gender (H1), age (H2a), skill level (H4a), severity of witnessed horse-related accident
(H5b), gaited horse riding (H6d), and riding outdoors (H6e). The two variables concerning the
general risk perception regarding health risks and high risk and motorsports both exerted a significant
influence, yet it was in the opposite direction than expected (H10a). The three variables with the
highest influence on the safety behavior proved to be a positive attitude towards safety equipment
(Beta = 0.32; p < 0.001), followed by the influence of the stable mates (Beta = 0.2; p < 0.001), and a
negative attitude towards safety equipment (Beta = ´0.18; p < 0.001).
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Table 6. Results of the multiple regression analysis.

Variables
Unstand. Coefficients Stand.

Coefficients Sig. VIF Hypothesis

B Std. Error Beta

(Constant) 18.38 1.37 0.000

Gender ´0.33 0.71 ´0.01 0.650 1.17 H1 not confirmed

Age 0.03 0.02 0.04 0.186 3.07 H2a not confirmed

Children/teenager vs. adults ´1.279 0.48 ´0.05 0.007 1.41 H2b confirmed

Having children 0.44 0.21 0.04 0.033 1.41 H3 confirmed

Beginners vs.
intermediate/advanced riders ´0.51 0.34 ´0.03 0.133 1.18 H4a not confirmed

Riding experience ´0.05 0.02 ´0.06 0.016 2.18 H4b confirmed

Severity of own accident 0.40 0.13 0.05 0.003 1.11 H5a confirmed

Severity of witnessed accident 0.18 0.13 0.03 0.154 1.09 H5b not confirmed

Show-jumping 1.45 0.35 0.08 0.000 1.43 H6a confirmed

Eventing (former military) 2.93 0.44 0.12 0.000 1.19 H6a confirmed

Dressage 0.81 0.40 0.04 0.039 1.41 H6b confirmed

Western riding ´1.51 0.48 ´0.06 0.002 1.27 H6c confirmed

Gaited horse riding 0.25 0.50 0.01 0.613 1.28 H6d not confirmed

Riding outdoors 0.40 0.39 0.02 0.307 1.07 H6e not confirmed

Breed (sport horse) 0.96 0.34 0.06 0.005 1.44 H7 confirmed

I always wear a helmet/vest,
because everybody in our

stable does it.
1.31 0.13 0.20 0.000 1.28 H8 confirmed

Positive attitude towards safety
equipment (Factor 6) 2.76 0.19 0.32 0.000 1.84 H9a confirmed

Negative attitude towards
safety equipment (Factor 2) ´1.55 0.15 ´0.18 0.000 1.15 H9b confirmed

Perception of general health
risks (Factor 4) ´0.31 0.15 ´0.04 0.040 1.13 H10a not confirmed

Perception of extreme and
motor sport risks (Factor 5) ´0.56 0.16 ´0.07 0.001 1.28 H10a not confirmed

Perception of general riding
risks (Factor 1) 0.38 0.15 0.05 0.013 1.17 H10b confirmed

Perception of special riding
risks (Factor 3) 0.53 0.15 0.06 0.000 1.07 H10b confirmed

Risk averse perception and
behavior (Factor 7) 0.85 0.15 0.10 0.000 1.08 H10b confirmed

Note: Method = forced entry, R2 = 39.2%, ANOVA = 0.000; Durbin-Watson: 2.06; Cook’s distance: 0.00;
Mahalanobis distance: 22.99; dependent variable = safety behavior index.

3.4. Discussion

On the basis of previous findings from the literature, we derived 10 hypotheses regarding the
influence of various factors on the protective behavior of equestrians, which we subsequently tested
by means of a multiple regression analysis. Concerning the influence of gender, we hypothesized
that female equestrians demonstrate more pronounced safety behavior compared to male equestrians
because they are generally more risk-averse [34] and also tend to be more at risk [2,5,7,17,18,20].
However, we detected no significant effect of gender. Possible causes for this finding may be that horse
riding is not classified as hazardous by female equestrians as it is “just” a sport like any other with
which they grew up, so they have gotten used to and thus displace the risk inherent to equestrianism.
Also, it may be the case that the argument that protective helmets and other safety equipment do not
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look good plays a more important role for female equestrians and leads to a higher level of rejection [26].
Or it might also be possible that the more risk-averse females do not practice horse-riding at all. If only
less risk-averse women choose to practice horse riding, this might be a possible reason why there was
no relationship found between gender and safety behavior. It might be that there is no or only a small
relationship between gender-specific risk perception and horse-related safety behavior. A significant
debate is underway as to whether the high share of women among equestrians may bias the findings
that female riders represent a high-risk group for injury [2,7]. In their literature review on horse-related
injuries, Hawson et al. [4] also found that the younger age groups were predominately female, while
the share of men was higher among the older age groups. However, the smaller share of men among
the younger age groups was still more likely to get seriously injured. The authors discussed that for
certain age groups, especially younger patients, the age- and gender-related distribution of equestrian
accidents seems to correspond to that of the basic riding population. Yet this does not seem to hold
true for all age groups. For example, the fact that older males are more likely to suffer more serious
injury than females in the same age group cannot be explained by the demographic distribution [4].
However, as the share of male equestrians in the sample is quite low (about 5%), the high share of
female participants may have somewhat distorted the results, although this is not very likely regarding
the large sample size. Looking at the data in more detail, we could find at least some small differences
between male and female equestrians. Male riders were older on average, were more often earning
their money through riding, and less often rode the same horse but rather different horses. We further
found male riders to practice eventing more frequently, while the share of female equestrians riding
outdoors was higher compared to their male counterparts. Regarding the use of protective equipment,
we found that male participants owned and used a riding helmet less frequently, but were more likely
to own an airbag vest. Regarding the perception of horse-related risk, male riders perceived the general
riding risks as more dangerous, whereas the female equestrians perceived the special riding risks as
being more problematical. This shows that the relationship between gender and protective behavior
seems to be highly complex and quite manifold, so that it might be difficult to detect a clear relationship
here. It follows that there is a need for further research to clarify the underlying relationships between
gender-related risk, risk perception, and safety behavior.

Regarding the influence of age, we hypothesized that younger equestrians in general (H2a) and
children and teenagers in particular show more pronounced safety behavior (H2b), but the present
results only confirmed the second hypothesis. The finding that young riders tend to be a high-risk
group [4,5,7,18,19] and wear helmets more often seems to be reflected in their safety behavior [26].
However, whether this behavior is self-imposed and possibly influenced by a high risk perception on
the part of the young riders or rather mandated by parents or trainers remains to be clarified. Also,
the requirements for junior riders to wear helmets are more closely mandated by associations, which
might also play a role in this context [52]. The finding that older equestrians are less likely to wear
protective gear could not be confirmed here [26]. One reason for this could be that the relationship
between age and safety behavior is not completely linear. Looking at the correlation between age and
the safety behavior index confirms this assumption as we found no significant relationship between
them. Although the safety behavior probably decreases with growing years of experience [10,26,27],
it might start to decrease—analogous to growing risk aversion when having a child—due to certain
events in life such as the birth of a child, increasing domestic or job responsibilities, or getting older
in general [39]. A study on attitudes and behaviors towards helmet use revealed similar findings,
showing that those were affected by perceived social responsibility and care not only for other riders,
but also for relatives, families, and friends [27]. In line with this, the results of the present study
confirm that adult equestrians with children show a more pronounced safety behavior compared to
those without children, proving Hypothesis 3.

Hypothesis 4a and 4b refer to the relationship between riding experience and safety behavior.
Regarding the skill level, the results did not confirm that novice equestrians show a more pronounced
safety behavior compared to more advanced or professional riders, although the results did confirm
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that, in terms of years of experience, the more experienced riders show a less pronounced safety
behavior (see Table 6). The finding that experienced riders make less of an effort to protect themselves
may have several causes. Firstly, more experienced riders may already have had some probably minor
accidents in the past and underestimate the risk for more serious injuries. Also, it could be that as
experience increases the control over the horse will improve, which might in turn lead to a false sense of
security. In line with the findings by Haigh and Thompson [27], the perception of being able to control
the horse and read equine behavior could favor the rejection of safety equipment. As shown by previous
research, another possible reason could lie within the fact that some of the more experienced riders
seem to relate the use of protective headgear with being an inexperienced rider [26,27] and therefore try
to evade the use of protective equipment or other protective measures that might characterize them as
newbies. In contrast to more experienced riders, the finding that novice riders do not see the necessity of
wearing protective equipment might be influenced by the fact that they might not have experienced or
observed a serious fall yet. However, in line with findings indicating that less experienced equestrians
tend to—according to the higher risk they are exposed to—protect themselves more often by means of
a safety helmet than experienced riders [10], the supposed negative relationship between increasing
experience and decreasing protective behavior could again be confirmed. It has to be noted that
the classification of riding skills was based on the participants’ self-assessment, which can lead to
inaccuracies. Due to the growing heterogeneity within equestrianism, it is increasingly difficult [53],
especially across different riding disciplines, to have a reliable skill classification. Hasler et al. [17]
suggest that a comparable educational level-injury risk index that tracks the true improvement in
skills could be a more reliable measure of the relationship between experience and safety behavior.
Furthermore, it is possible that not all advanced equestrians reject wearing safety equipment and
prejudices might be getting slowly removed. Yet, both novice riders—due to the high number
of accidents [4,7,10,15,17,29,40]—and more experienced riders—due to the increased severity of
sustained injuries and reduced willingness to exert safety behavior [7,10]—represent rather important
target groups for sensitization regarding equestrian-related risks. There is a need for more detailed
information regarding the risk awareness and attitudes of these target groups to better assess their
behavior. One option to sensitize these target groups would be to use an experienced rider giving
a testimonial who serves for both novice as well as advanced riders as an inspiring model giving
advice on the safe handling of horses through seminars or courses. Sports celebrities are widely used
in classical advertising with the aim of improving awareness and recall, driving sales, and influencing
behavior. However, it must be noted that the particular celebrity has to comply with certain conditions
and has, for example, to match the product or the topic to be effective [54,55]. More specifically,
previous research results have shown that the use of celebrities within public health campaigns can
be able to influence health-related attitudes, beliefs and risk behavior and seems to be a promising
possibility within the present context [56,57].

Relating to horse accident experience, the high share of each of the 98% of equestrians who
stated they had already experienced or witnessed a horse-related accident is consistent with the
high number of equestrian injuries found in the literature [9–11,14]. The results of the multiple
regression analysis confirmed Hypothesis 5a, which assumed a positive influence of the severity of
a personally experienced accident on the individual’s protective behavior. However, we found no
significant influence for the severity of an observed accident (H5b). It is plausible that accidents that
are experienced firsthand arouse a greater awareness of horse-related risks. If the accident has only
been experienced indirectly by observation, the personal distance towards the risk seems to be larger
and the corresponding risk might be more easily dismissed. Yet this differs from O’Neil’s [41] findings
that the injury of alpine ski racers did have a psychological impact on the respective teammates.
One reason for this could be that individuals might think they are safe and believe that misfortunes
only ever happen to others. However, witnessing traumatic injuries can distort such beliefs. To cope
with such traumatic events, people engage in different coping strategies [58]. One of these strategies
might consist of mental distancing from the injury. In line with this, a study on helmet use showed that

73



Animals 2016, 6, 14

it is being frequently argued by equestrians that one could do without safety equipment as the risk
is perceived to be controllable [27]. Such a false belief can be more easily maintained in the case of a
witnessed accident as the riders themselves have not lost control and can talk themselves into believing
that they might have reacted differently. The extent to which a rider can maintain this false belief
might further depend on the observed severity of the injury. However, this is only speculation and it
would be interesting to explore whether there is a certain degree of injury necessary to realize a change
in safety behavior and what additional factors might play a role regarding the influence of observed
accidents. As research in this field is said to focus too heavily on the effects on the direct victim and
has frequently neglected the potential effects of serious injuries on the witness, it would be interesting
to take a deeper look at this phenomenon within equestrianism and other kinds of sports [58].

Previous research has also found that equestrians who practice one of the more
competitive-oriented English-style riding disciplines wear helmets more frequently [7,14,26,43].
The present results confirmed that show-jumpers (H6a), eventers (H6a), and dressage riders (H6b)
show more pronounced protective behavior. Also, other studies have showed that the less frequent
use of helmets, which is characteristic of Western riding [7,14,26] and other more leisure-oriented
disciplines, has [7]—as proposed in hypothesis 6c—a negative effect on the overall protective behavior.
In contrast to the riding of gaited horses, which also belongs to the more leisure-oriented riding
disciplines, we found no significant relationship. The present results could only partially confirm
Hypothesis 6d, which assumes that more leisure-oriented disciplines put less effort in safety behavior.
Regarding the relationship between protective behavior and riding outdoors, which several studies
consider as one of the most dangerous pastimes on horseback and which often includes a high share of
leisure-oriented equestrians of different disciplines, again no significant relationship could be found
(H6d) [6,14,19]. It is becoming clear that there are huge variations between the several leisure-oriented
riding disciplines and their respective safety behavior. Such information would be helpful for horse
sport associations to identify and communicate with more vulnerable groups that have a greater need
for safety education. Western riders represent such a vulnerable group, as they often refuse to wear
protective helmets as these are not considered appropriate Western-style equipment. In recent years,
some producers have tried to develop Western-style protective helmets, but they were not successful
on the market. Whether this was due to the look of the helmet, its wearing comfort, or other reasons
remains unknown. For the Western riding associations, this implies that it is necessary to work on
the development of protective gear that is better accepted by the Western riding culture as well as
education about horse-related risk and the advantages and effectiveness of protective gear.

Hypothesis 7 assumed a significant relationship with the breed of the horse. As expected, we could
observe a positive relationship between the riding of sport horses such as warmblood or thoroughbred
horses and more pronounced safety behavior. It is unclear whether the observed positive relationship
between riding of sport horses such as warmblood or thoroughbred horses and more pronounced safety
behavior is due to a perception that these breeds are associated with a greater degree of unpredictable
behavior and higher risk [44,45].

In line with the findings from the literature, the present results indicate that the influence of social
groups and peer groups can positively influence helmet use [26,27]. Yet, the present study only looked
at the influence of one social group, namely other horse owners and riding students from the stable.
To keep the number of influencing factors manageable, we looked first at the more general group of
other horse owners and riding pupils from the stable. That specific group is likely to have a close and
horse-relevant contact with an equestrian and hence also the possibility to exert a strong influence on
the latter. In view of the strength of the respective impact, this variable constitutes a quite important
influence factor, as it exerts the second highest influence overall and provides a valuable starting
point for the promotion of safety behavior. Here, especially trainers, stable managers, and horse sport
associations are asked to inform their pupils, members, and clients about safety aspects concerning
equestrianism, to reduce safety-related prejudices and to establish a positive security culture among the
riders in a stable. As we did not further differentiate the group of horse owners and riding pupils from
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the stable, it would be useful to ask which individuals and subgroups, such as trainers or equestrian
idols and also non-riding friends and family members, influence safety behavior at all and which of
these groups exert a particularly high impact. Such knowledge could provide further starting points to
enhance preventive behavior.

From all the factors examined within the multiple regression analysis, we identified the attitude
towards protective gear as the most influential factor. As expected, a positive attitude exercised a
positive influence (H9a) and a negative attitude exercised a negative influence (H9b) on protective
behavior. The positive attitude exerted the highest impact overall and the negative attitude had
the third-largest influence. The attitude towards safety equipment seems to represent a key aspect
when trying to increase the use of safety products. Producers of safety equipment and horse sport
associations should continue to try to find out more about the underlying reasons for these attitudes to
identify potential enablers and barriers. Deficient design, untraditional appearance, lack of comfort,
and doubts about the effectiveness of safety products seem to be major reasons for rejection. Therefore,
the research into this area must be continued, especially on safety vests as their effectiveness to reduce
horse-related injuries has still to be confirmed and has already been questioned within other sports [2].
Furthermore, the design and comfort of safety equipment might be other important aspects to look at.
In the case of helmets, the design can contribute decisively to the decision to wear safety equipment [26].
Potentially, if the producers of safety equipment would work on the comfort and look of the product,
it might turn into a rather desirable fashion item that riders would more often voluntarily use.

Finally, the last hypothesis expected both a positive influence of risk perception in general (H10a)
and horse-related risk perception in particular (H10b) on protective behavior. However, the present
results only confirmed the second hypothesis. Surprisingly, we detected a small but significant negative
relationship. We measured risk perception in general as the personal risk perception of basic and high
risk situations. The basic situation comprised moderate health risks such as having too much stress
or insufficient sleep or exercise. The high-risk situations included activities such as extreme sports
and motor sports. The reasons for the observed negative relationship with protective behavior are not
clear so far and a more detailed examination of the connection between risk perception in general and
horse-related risk perception in particular is necessary. Perhaps the phenomenon of risk suppression is
a possible explanation. In this sense, more risk-averse people in general, especially when they have
finally decided to participate in a high-risk sport or hobby such as equestrianism, might willingly
suppress the associated risk, which might be considered quite harmless compared to other high-risk
sports. Certain findings in the recent literature partially confirm this phenomenon [26,27], which
shows that equestrians generally state that they believe they can control horse-related risk. Future
research projects need to scrutinize this assumption. Perception of the level of danger associated with
the equestrian activity in general and specific riding situations positively influenced the protective
behavior patterns reported by equestrians. This relationship engenders a responsibility of horse
sport associations to educate their members about the inherent horse-related risks to produce more
safety-oriented behavior in equestrians.

3.5. Limitations

As already discussed in the sample description (see Section 3.1), it is unclear whether the sample
is representative so the generalizability of the present study may be limited. The present study is
subject to self-selection bias in that certain types of respondents participated in the survey. Those
with a high interest in horse-related safety may be overrepresented. Therefore, the extent to which
the transfer of the results of the present study to the German equestrian population may be limited.
However, given the high number of participants and the finding that sociodemographic variables did
not exert a strong influence, it is likely that these results provide an important first approximation in
this area of study.

The study’s methodological limitations include selected method of analysis and the calculation
of the index to measure safety behavior. Although multiple regression analysis is a method able to
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identify the relationship among two or more variables, this does not automatically imply that this
relationship is also causal [59]. However, based on logical considerations, this affects only a small
number of variables, such as show-jumping. For instance, it could be that some equestrians might
only dare to jump at all because they practice very pronounced safety behavior. Such a relationship
could further be linked to the phenomenon of risk compensation, in connection with which it is being
discussed whether the wearing of protective gear can also exert the opposite effect on safety behavior,
such as the use of protective equipment like helmets or safety vests, giving a false sense of security
and promoting risk-prone behavior instead of reducing it [2,7,60]. Another methodological limitation
concerns the dependent variable. The safety behavior index mainly covered the use of protective
equipment in different riding situations, which might imply that factors concerning protective gear
exert a disproportionally high impact. Since several studies showed that not only horse riding itself is
dangerous, but also simply handling the horse can lead to serious injuries, such as trampling, being
kicked, or being bitten [5,8], it would be interesting to look at the specific protective behavior when
handling a horse and compare it to the behavior when riding.

Moreover, it has to be noted that it is difficult to judge the quality of protective gear as it might
be useful in the case of serious injury but might not avoid dangerous situations overall [4,14]. It may
even be possible, as already discussed above, that some kind of risk compensation is at work such that
the wearing of protective gear can also result in riskier behavior [2,7,60]. Future research regarding the
use and effectiveness of protective gear but also the impact of additional measures that can reduce
horse-related risk could provide additional useful information. As already proposed in the literature,
an important additional safety measure constitutes the improvement of the predictability of horses
through better education and understanding of equine learning and behavior patterns, building on
recent findings from research on horse ethology and equitation science, as it is a commonly cited cause
of human injury [4]. In this context, improving riders’ competence in physical skills such as fitness,
balance, the proper application of aids, and falling techniques should make them more resilient to
injury and falls; establishing clear rules and legislation requiring the mandatory wearing of approved
safety gear and increasing general awareness of horse-related risk for both individuals and the general
public are further possible measures to reduce horse-related risks. The establishment of good practices
and a comprehensive safety management within stables will ensure a safe environment [6,8,12,19].

4. Conclusions

The present comprehensive study examined the potential influence and impact of 10 different
factors on the safety behavior of equestrians by means of a multiple regression analysis. It should be
noted that the relationships between the respective variables are quite complex. The results show that
the attitudes towards safety products as well as the protective behavior of other horse owners and
riding pupils from the stable are key aspects in altering the safety behavior of equestrians. The obtained
outcomes could help horse sporting associations, politicians, and producers of horse-related safety gear
find additional starting points for the promotion of risk preventive behavior and identify important
high-risk groups that should be made more aware of the various advantages of protective gear. The
findings herein may also inform other high-risk sports administrators seeking promotion of more
pronounced safety behavior in their participants.
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Simple Summary: This paper examines a number of methods for calculating injury risk for riders in
the equestrian sport of eventing, and suggests that the primary locus of risk is the action of the horse
jumping, and the jump itself. The paper argues that risk calculation should therefore focus first on
this locus.

Abstract: All horse-riding is risky. In competitive horse sports, eventing is considered the riskiest,
and is often characterised as very dangerous. But based on what data? There has been considerable
research on the risks and unwanted outcomes of horse-riding in general, and on particular subsets of
horse-riding such as eventing. However, there can be problems in accessing accurate, comprehensive
and comparable data on such outcomes, and in using different calculation methods which cannot
compare like with like. This paper critically examines a number of risk calculation methods used in
estimating risk for riders in eventing, including one method which calculates risk based on hours
spent in the activity and in one case concludes that eventing is more dangerous than motorcycle
racing. This paper argues that the primary locus of risk for both riders and horses is the jump itself,
and the action of the horse jumping. The paper proposes that risk calculation in eventing should
therefore concentrate primarily on this locus, and suggests that eventing is unlikely to be more
dangerous than motorcycle racing. The paper proposes avenues for further research to reduce the
likelihood and consequences of rider and horse falls at jumps.

Keywords: horses; eventing; risk; falls; injury; riders; human´animal relationships;
human´horse relationships

1. Background

Equestrian sport is unique. It involves a relationship between two beings, one of which is not
human [1]. The horse is a large four-legged prey animal whose successful evolution has resulted
from its strong flight instincts [2–4]. Humans have sought to use and control horses for thousands of
years [5], and over time have extended these uses and controls from simply riding and harnessing
horses to involving them in a range of challenging activities: chariot-racing, bull-fighting, thoroughbred
racing, jumps racing and buck-jumping, to name just a few.

Eventing is the horse sport usually characterised as the most dangerous of all the modern
mainstream equestrian sports [6–8]. It is often described as the triathlon for horses [1,8,9], the ultimate
test of horse and rider, based on a military tradition. In fact, the French name of the sport is
concours complet: the complete contest. Eventing demands equine attributes similar to those of a
warhorse: obedience, agility and grace on parade (represented by the dressage phase), courage,
strength, fitness and speed in battle (the cross-country phase), and a level of fitness and effective
recovery which will allow resumption of normal duties immediately after battle (the show-jumping
phase) [1,9–11].
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Eventing is one of the more difficult sports to explain to the uninitiated [10]. First, it has several
different names: eventing, horse trials, three-day eventing, and one-day eventing. In this paper,
the sport is referred to as eventing. A full explanation of the sport, its scoring and its rules can be found
on the website of the Fédération Equestre International (FEI), the peak body for equestrian sports [9].

In the cross-country phase of the sport, horses gallop across open country on a predetermined
course, jumping big obstacles within set time limits, incurring penalties for completing too quickly
or too slowly. The obstacles may include walls, steps, jumps into and out of lakes and creeks, almost
vertical slides, palisades, tables, ditches with fences set within them, banks, keyholes, log piles, sunken
roads, and jumps made out of everyday objects such as the flatbeds of trucks, or large carved animals,
and often a combination of several of these individual elements [9,10].

The cross-country phase of eventing is generally viewed as the riskiest for both horse and
rider [12,13]. These risks include the full range of unwanted outcomes one might expect from an
activity which involves riding a horse at speed over fixed obstacles: death, head and brain injury,
spinal injury, crush injuries and fractures, as well as minor injuries such as sprains, bruising and
abrasions [12–16]. The complex inter-species relationship which exists in all horse-related activity [8,17]
is taken to extremes in eventing.

However, until the late 1990s there had not been a great deal of evidence-based research on exactly
how risky eventing was [12,13]. The horse world’s attention became focused abruptly, however, when
in 1999 five eventing riders died in competition in the UK within a few months of each other [18–20],
and another died in the USA [20]. Five of these six deaths involved the horse somersaulting over the
jump, the rider falling forwards with continued momentum after the horse’s forward motion was
abruptly stopped, and the horse subsequently landing on top of the rider (known as a rotational horse
fall or a somersault fall [21]).

The FEI responded urgently and promptly to these deaths, and instituted wide-ranging reviews
into the sport, with rule changes focusing immediately on reducing the possibility of a rotational horse
fall. The 2000 report of the International Eventing Safety Committee [22] stated the following:

A fundamental conclusion which pervades every detailed recommendation is that everything should
be done to prevent horses falling: this single objective should greatly reduce the chances of riders
being seriously injured, as well as significantly improving the safety of competing horses. (p. 2)

Despite this prompt response, an almost continuous stream of rule and format changes, new
requirements governing the construction of fences, and changes to the roles of officials, a further 38
eventing riders have died in or after competition between 2000 and the time of writing (October 2015),
including two in Pony Club competitions [20,23,24]. At least 27 of these rider deaths resulted from a
rotational horse fall [24].

2. Defining Risk in Human—Horse Interactions

All interactions with horses are potentially hazardous. Horses are much larger and heavier than
humans, while being sentient, sensitive and prone to a well-developed flight instinct as a direct result
of their evolution from a prey animal [2–4]. They can travel very quickly, and stop and change direction
in less than a second; they can bite, kick, crush and squash—and that is before one has even mounted
them [25]. Once one is astride, the ambit of hazard widens to include falling from height, often with
speed as an additional hazard, as well as rapid changes in momentum and direction [25].

The notion of risk itself involves much discussion about definitions and meaning, and about
methods for calculating, evaluating and mitigating risk in any given situation [26,27]. While one
way to calculate risk in a particular activity is to count the number of unwanted outcomes such as
injuries or deaths associated with the activity, simply enumerating them is not particularly helpful
in determining the actual risks involved for participants, or in managing and reducing those risks,
since injuries in sport result from a complex interaction of multiple factors and events [28]. Simple
analyses such as counting the number of injuries over a period of time ignore many other contributing
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factors, and may not be useful in developing appropriate risk-management policies [28]. If one accepts
that risk is always present when humans interact with horses [1–4], and if one accepts that these
risks can and should be reduced or eliminated, then an appropriate process to achieve this is to first
identify the context within which risk occurs [29], then identify the risks, assess them, control them,
and review those controls [30]. Through this process, risk can be quantified, and this quantification
can then be used to mitigate risk and help to shape sports injury prevention policies [30–34]. However,
before this process can be undertaken, one must first be able to accurately identify cases appropriate to
the question.

2.1. Data on Human—Horse Interactions

By and large, data about human injury and mortality resulting from human´horse interactions
are sourced predominantly from hospital separations records, coronial reports, trauma registries,
emergency department records, surveillance programs, surveys and literature reviews.

Research into horse-related injuries tends to focus on the following:

‚ horse-related injuries in general without specifying a particular equestrian sport, using data from
sources such as those outlined above: hospital separations data, injury surveillance programs,
coronial data, trauma registries and emergency department data collections [7,35–43];

‚ reviews of the broader literature on overall equestrian-related injury [8,15,44];
‚ measurement of the incidence of specific horse-related injuries such as spinal injury or

maxillofacial injuries, again using sources such as coronial data, hospital separations data, trauma
registries, and emergency department data collections, but not focusing on a specific equestrian
sport [16,45]; and

‚ measurement of the incidence of specific injuries such as traumatic brain injury which are
associated with keynote sports but which may or may not be an outcome of horse sport [46–48].

2.2. Challenges for the Researcher

There are a number of challenges facing the researcher who seeks accurate and comparable data
on overall horse-related injury, let alone injury resulting from specific horse sports such as eventing.

2.2.1. Data Keeping

In Australia, national information on the epidemiology of overall horse-related injury and
mortality has until recently been minimal and fragmented. Cripps [37] was able to provide quite
detailed information on horse-related deaths and hospitalisations in Australia using national mortality
and hospital separation datasets, but was unable to identify the specific type of horse-related activity,
the place of occurrence or the mechanism of injury because of limitations in hospitals’ data coding at the
time. He reported that in the year 1996–1997, there were 3124 hospitalisations for horse-related injury,
and using the Australian Bureau of Statistics mortality unit data collection, identified 410 horse-related
deaths between 1979 and 1998. On this basis he estimated an average of just over 20 horse-related
deaths a year at that time, and this figure has been consistently cited since.

The 2014 report by Safe Work Australia (SWA) [30] identifies a total of 11,635 hospital admissions
for horse-related incidents between 1 July 2008 and 30 June 2011, an average of 3878 a year, with 40%
of these occurring during “sports.” However, “trail or general horseback riding” account for 80% of
these so-called sports-related injuries, and neither trail riding nor general horseback riding technically
qualifies as a sport, based on the definition of sport as “an organised group activity centred on a contest
between at least two parties” [49]. The SWA report also identifies 98 horse-related deaths between
July 2000 and June 2012, an average of just over eight per year. Seventy-four per cent of these deaths
involved a fall from a horse. However, these data also do not reveal whether the fatality occurred
during sport (other than horse-racing), and there is no information on mechanism of injury.
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The 2014 report from the Australian Skills Quality Authority (ASQA) [50], initiated after the
horse-related death of a young trainee jillaroo in 2009, reports 1,568 hospitalisations resulting
from equestrian activities for the 12 months 2011–2012, markedly lower than the average annual
number reported by Cripps [37] or the SWA report [30]. ASQA also accessed recent data from the
National Coronial Information System, identifying 132 horse-related fatalities between 1 July 2000 and
31 December 2013, an average of just under eight per year. This average is comparable to the findings
of the SWA report, but both are less than half the average reported by Cripps [37]. Further, the SWA
report points out that 34 horse-related deaths occurred in the 18-month period between 1 July 2012
and 31 December 2013, highlighting the problems which may arise from comparing averages rather
than rates. Watt and Finch [45] comment on the difficulties in interpreting and comparing published
data on injury in general, because of non-standardised data collection and/or analysis methods.
They emphasise that such difficulties are exacerbated in analysis of sport-related injury because of lack
of consensus on appropriate definitions. Such lack of consensus is also evident in the 2014 Safe Work
Australia report [30].

2.2.2. Data Capture

This leads to a further challenge facing researchers in the area of general horse-related injury:
the very wide scope of activities revolving around horses which militates against accurate coding of
horse-related injury. “Horse-related activity” includes leading, grooming, feeding or just being with a
horse; riding for fun, on a road or in a paddock; going to a competition on the weekend; mustering
cattle or sheep; loading and unloading a horse from a float or truck; shoeing or trimming its hooves;
training a horse for a specific purpose or competition, including dressage, eventing, show-jumping,
endurance riding, polocrosse, driving, vaulting or camp-drafting; competing in one of these sports;
horse racing; Western riding; breeding and raising horses; and so on. It is highly unlikely that any
hospital injury coding system will capture all of these activities. The World Health Organization’s
International Classification of Diseases (ICD) is the most widely used hospital coding system, and in
many Western countries, the only coding system in use. The version used in Australia, the ICD-10-AM,
includes reasonably comprehensive activity codes, but they do not differentiate between sport and
recreation activities, or between professional sport and backyard games [43]. Activity codes relating to
sport and recreation are often missing in hospital separation records and as a result there is significant
underestimation of the number of cases involved [44]. Even with recent revisions, which allow
more codes to describe a specific mechanism and circumstance of injury, there is still consistent
allocation of external causes and circumstances of injury to “other” and “unspecified,” which may
lead to considerable under-reporting [45]. The ICD-10-AM is not structured to permit the fine-grained
coding protocols which will generate accurate information on which specific horse-related activity has
resulted in the injury, precisely what injury mechanism has caused it, in which precise location the
injury occurred, or which circumstances caused it. This means that it is difficult and indeed unusual
for research to compare like with like, since often the specific type of horse-related activity cannot be
accurately identified. Such difficulties are not unique to horse-related activities: similar challenges
were identified by researchers seeking accurate case records for snow sport injury in New Zealand [51].

2.2.3. Non-Nuanced Research

Yet another challenge in accessing accurate and useful data is that researchers may themselves
assess horse-related risk based on possibly inadvertent characterisation of horses, their size and their
speed. Researchers may conflate data from the full range of horse-related activity, from recreational
horse-riding to competitive equestrian sport, probably because of the difficulties outlined above
in accessing specific activity-related data, and also because the researchers themselves may not be
personally familiar with the range of horse characteristics and behaviour, nor of individual horse
sports. Thus, for example, in a much-cited literature review of equestrian sport-related injury [15],
horses are described as weighing “an average of 1500 lbs” (680 kg) and travelling “at up to 40 mph”
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(64 kph). Given that horses come in all sizes, from the tiny (about 18 inches or 44 cm) to the enormous
(about 82 inches or over 2 m) [52,53], average weight is not a particularly useful characterisation when
measuring risk for riders.

Similarly, citing the top speed of horses when assessing risk is also not useful [15]. While horses
can travel at up to 40 mph (64 kph) and more, this is unusual and cannot be sustained for any length of
time. Such speed is restricted to specialist conditions such as thoroughbred sprint racing, quarter-horse
racing, polo, and perhaps barrel racing, in which explosive bursts of speed are inherent, rather than
recreational riding or competitive equestrian sport. For example, the fastest recorded race speed for
a winner over 402 m (approximately a quarter of a mile) is 70.76 kph, over a period of 20.57 s [54],
and the fastest recorded race speed for a winner of the Melbourne Cup, one of the world’s premier
3200-m races, is 58.32 kph over 3 min and 16.3 s [55]. Citing the average speed from these two
examples—64.54 kph—is not useful in measuring risk for riders, since neither recreational nor eventing
riders would gallop at such speeds. Indeed, in either a recreational or a competitive sport setting, it is
not so much the speed of the horse which contributes to the likelihood of a rider fall, but a sudden
acceleration or deceleration, combined with surprise, which will result in a rider falling off (such as
the horse breasting a fence and catapulting the rider forwards) [56]. In fact, slower horse speed in
eventing may contribute to the risk of a rotational fall resulting in a horse landing on a rider [57].

3. Defining Risk in the Sport of Eventing

Given the challenges outlined above in accessing data on general horse-related human injury and
fatality, it is not surprising that these challenges are greatly increased when one seeks data specifically
related to eventing, and eventing-related injury and death.

3.1. Data on Eventing and Injury

One of the major issues for data collection in the sport of eventing is that unless a rider suffers
a serious injury requiring hospital admission, medical attention at a trauma centre, or at a hospital
emergency department, the injury will be unreported, and will not be captured in the current statistical
collection processes.

Specifically in relation to eventing, while the possibility of catastrophic injury or death certainly
exists, the great majority of injuries are minor [58]. In an Australian national surveillance project
collecting data on rider and horse injuries in eventing from 2002 to 2006 [21], almost all riders who
responded to questionnaires about injuries incurred in their cross-country falls characterised their
injuries as minor, even while a few of these also reported that they sought medical attention later
for serious injuries such as concussion and fractures. One rider responded in the negative to the
first question which asked whether they had been injured in their recent fall, and then later in the
questionnaire reported that he had later sought medical attention for concussion and broken ribs.
Some reports of concussion and fractures were clearly self-diagnoses, since the respondents did not
report that they had then gone on to seek medical attention. It is possible that this mischaracterisation
of the serious nature of the riders’ injuries is a reflection of the complex inter-species relationship
which exists between horse and rider, in which eventing riders express more concern for their horses’
safety than for their own [59]. In any case, the project did reveal a tendency among eventing riders to
underestimate the risks involved in the sport, and to under-report any injuries. The surveillance project
collected information on 1732 rider falls, in which 374 riders reported at least one injury, ranging from
abrasions and bruises through dislocations to concussion and fractures. Because multiple responses
were possible, it is not feasible to quantify the exact number of individual injuries. However, of the
1732 falls reported, only 129 were categorised as resulting in serious injury, being fracture, concussion
or loss of consciousness. Given that only 900 of the possible 1732 riders who fell completed their
questionnaires, it is likely that a similar proportion of riders who did not return their questionnaires
were also injured.
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3.2. Challenges for the Researcher

Data Capture

As mentioned above, hospital admission coding systems are not capable of capturing accurate
data about general horse-related injury [43,44]. Data collection in the sport of eventing is further
complicated by the fact that until relatively recently (2008), a rider who fell during the cross-country
phase could remount and continue, even if they were injured [60,61]. Many records of eventing-related
injuries were consequently lost to the event organisers and ultimately to data collectors, because they
were not reported. In 2008 the rule was changed so that even a simple, non-injurious rider fall at
a jump on the cross-country course would result in elimination, and in 2009 this was extended to
any fall on course, jump related or not [62]. During the scope of the Australian national surveillance
project [21], riders were able to remount and continue, and the project recorded several instances of
riders who had incurred quite serious injuries such as concussion or fractures, which later required
medical attention or even hospital admission, but who remounted and continued the competition.

Famously, two Australian eventing riders won Olympic gold medals while competing with
serious injuries: Bill Roycroft fell during the cross-country phase at the Rome Olympic Games in 1960,
suffering multiple injuries including a broken collarbone and severe concussion. He remounted and
finished the course, and was then airlifted to hospital. The following day he checked himself out of
hospital in order to compete in the show-jumping phase, as the Australian team was down to only
two combinations, and needed three to qualify for the medal. He competed with his arm in a sling.
Gillian Rolton fell when her horse slipped on grass at the Atlanta Olympic Games and she fractured
her collarbone and some ribs. She remounted and continued, and fell again at a water complex as
she was unable to use her left arm at all to control her horse. She again remounted and completed
the course, successfully jumping another 15 obstacles, riding one-handed. She refused painkillers in
case she was required to ride the following day in the show-jumping phase, but fortunately was not
required, and was able to get the medical attention she needed. Her heroic gesture won her a second
gold medal. Under the current rules, both these competitors would have been eliminated [9].

Even at the present time, it is difficult at the sport-based level to capture all injury records from the
sport of eventing. While the FEI requires comprehensive injury reporting from their international event
officials and uses these data for their annual reporting on injury rates and severity [58], the organisation
concedes that in the past, injury reports were completed by fence judges, based on their own opinion
of the severity of the injury incurred [58]. At a national level in Australia at least, there does not yet
appear to be any consolidated data which researchers can access. The Australian peak national body,
Equestrian Australia (EA), appointed a national safety officer after the FEI Eventing Safety Forum
in 2008 [62], but a search of EA’s website using the keywords “eventing safety,” “risk management,”
and “eventing falls data” reveals no report from the national safety officer or any other report on
the topic, other than a call for expressions of interest in the voluntary position [63]. In addition, in
the days when a rider was able to remount and continue, there was strong motivation for riders to
conceal injuries so that they could continue in the competition, particularly at the higher levels such as
World Championships and Olympic Games. Bill Roycroft and Gillian Rolton both demonstrate that
the prospect of an Olympic Gold Medal is a first-class painkiller.

4. Quantifying Risk in the Sport of Eventing

Given the background difficulties outlined above in accurate case identification and access to
comparable data in the topic of horse-related injury in general, it is not surprising that there is a lack of
consensus on how best to quantify and calculate risk in the sport of eventing.

There have been many different approaches to the identification and quantification of risk in
eventing outlined in the literature, using many disparate denominators, but usually based on the
assumption that rider injury is the unwanted outcome usually employed for calculating risk [12–15,21].
These approaches have most commonly included:
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‚ Measuring the number of falls as a proportion of the number of participants, assuming that rider
and horse/rider falls are the most common cause of rider injury. This process generates a fall
incidence rate [21,58].

‚ Measuring the number of rider injuries as a proportion of the number of participants, again
assuming that rider and horse/rider falls are the most common cause of injury. This process
generates an injury incidence rate [12,21,58].

‚ Establishing surveillance and monitoring projects, assuming that more universal capture of data
on participants engaged in the actual sport, with details of their actual experience, will provide an
opportunity for more fine-grained analysis. Such projects can generate information on a number
of factors, including demographic data, situational data, information about the horse/rider
combination, and factors contributing to the fall, and usually involve on-ground data collection
followed up by questionnaires or surveys [14,21]. This process can generate both fall and injury
incidence rates.

‚ Calculating the number of injuries per hour spent in the activity. This process generates an injury
rate per hour [12,14].

4.1. Fall Incidence Rate

This particular denominator, which measures the number of rider falls as a proportion of the
number of competitors, has been used by the FEI since 2000, when the international body began
collecting falls and injury data from all international-level events held under its aegis. This denominator
is useful, in that the assessment of risk in eventing is based on the assumption that rider injuries occur
mainly as a result of a rider fall, and so calculating the rate of rider falls can provide an insight into the
likelihood of rider injury.

The most recent data from the FEI [58], reporting on all competition years from 2005 to 2014, reveal
a total of 8556 rider falls from 152,821 starters, a rate of one fall for every 18 starters. These figures
include riders whose fall did not involve a jump—i.e., falls “on the flat” (n = 538).

The Australian national surveillance project [21] reported a rate of one fall for every 34 starters
(1732 falls from 58,557 starters) and similarly included falls on the flat, which were not differentiated
from falls at fences, because at that time falls on the flat were not penalised and as such were often
not even recorded. The authors acknowledged that the figure of 1732 rider falls was very likely an
underestimate because of problems with data capture.

These two data sources, widely different in scope and number, reveal a marked difference in rate,
with the FEI’s calculation being approximately twice that of the Australian national surveillance project.

4.2. Injury Incidence Rate

This denominator, which measures the number of rider injuries as a proportion of the number
of competitors, was used in a yardstick analysis by Dr Bruce Paix, an Australian anaesthetist and
trauma and recovery specialist who was personally involved in eventing and was the medical officer
in attendance at 35 events held in South Australia between 1990 and 1998, about 10% of all such events
(including Pony Club events) held in that state during that time. He published his findings [12] to
considerable publicity. Using data from the events at which he officiated, involving 4220 competitors,
with 37 injured riders, he first estimated the injury incidence rate per competitor at 0.88%. He then
compared this incidence rate with other published injury incidence data from other sports, specifically a
report which estimated the injury incidence rate for motor racing (both car and motorcycle) participants
at England’s Brands Hatch circuit as 0.24% per motorcycle racing competitor [64]. Paix consequently
arrived at the conclusion that eventing was more dangerous than motorcycle racing, a conclusion
which attracted a great deal of attention and one which has since been consistently cited in the injury
literature (55 citations according to Google Scholar at the time of writing).

In relation to injury severity, Paix found that just over 70% of injured eventing riders (26 out of 37)
were referred to hospital, with nearly half (12 out of 26) being admitted. If one were using hospital
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admission as a denominator for serious injury, this would demonstrate a rate of serious injury: 32% of
all injured competitors, and 0.28% per competitor.

The FEI also reports annually [58] on the injury incidence rate per competitor, arriving at a rate of
0.65% per competitor, then further broken down by level of injury rather than level of competition.
The FEI combines “serious” and “fatal” injuries when reporting on the numbers of riders injured,
and does not define “serious” injury. The 2015 report reveals 311 seriously or fatally injured riders
in the period 2005 to 2014, from a total of 8556 falls from 152,821 competitors, a considerably larger
dataset than that available to Paix (4220 competitors) [12]. The total number of riders injured (slight
and serious/fatal) was 978 for the period, revealing that 32% of injured riders were seriously or fatally
injured, identical to Paix’s results [12].

The Australian national surveillance project [21] calculated an injury rate of 0.63% per competitor
(58,557 competitors, 374 riders reporting at least one injury), almost the same as the overall rate
reported by the FEI. This project also reported 31% with serious injuries such as fractures or concussion
(n = 119), with only 23 riders reporting that they were admitted to hospital.

These three data sources show remarkably similar results for the number of seriously injured
riders as a proportion of all injured riders, with two [21,58] also showing a similar injury incidence
rate per competitor (0.65% and 0.63%, respectively). Paix’s finding of an injury incidence rate of
0.88% is noticeably higher. This injury incidence rate denominator is particularly useful, as it can
further illuminate the risk of a rider injury in eventing, and is also capable of identifying the risk of
serious injury.

4.3. Surveillance and Monitoring Projects

This method collects all relevant records within a given time period, and might include the
number and level of competitions, the total number of competitors, the number of competitors at each
level, the number of reported injuries and/or fatalities, and in the case of eventing, the number of rider
and horse falls and the number of jumping efforts in the competition. From such data, an incidence
rate can be calculated, again using a number of different denominators such as falls per number of
starters and injuries per number of falls. Frequently, surveillance projects combine on-site competition
data collection with follow-up surveys and questionnaires.

The Australian national surveillance project [21] was one such surveillance project. As mentioned
previously, there were some difficulties in data capture and although there was a high return rate for
questionnaires sent to riders known to have had a fall cross-country, overall it was understood that the
known number of rider and horse falls was considerably lower than those which actually occurred.
However, on the basis of the recorded 1,732 rider and horse/rider falls it was possible to estimate a
rate of rider falls at 3 per 100 starters over the 5-year period, 1.2 rider falls per 1000 jumping efforts,
and an injury rate of 0.2 per 1000 jumping efforts.

The study by Ekberg and colleagues [14] is a similar national surveillance and monitoring study,
capturing injury information from all members of the Swedish Equestrian Federation with eventing
as their primary discipline (n = 513), in a one-year retrospective study. The survey attracted an
eventual return rate of 70% (n = 357), collecting information on all traumatic injury events, whether in
competition or training. The authors reported that 62.8% of injury events occurred during training,
and 37.2% during competition. The study sought to capture the incidence of traumatic injury events
measured against hours of activity (see 4.4. below), and did not report on injuries as a proportion of
the number of starters.

4.4. Calculating Injury Rate against Time Spent “in the Saddle”

Paix [12] uses measurement of time spent “in the saddle” to calculate various levels of risk for
horse riders. Specifically for eventing, he uses the average time taken to complete a cross-country course
(7.5 min) to calculate an overall injury rate of one per 14 h of cross-country riding in competition, and
extrapolates this to calculate that the cross-country phase of eventing is over 70 times more dangerous
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than horse-riding in general. He further estimated that for riders at “the highest level” (inferred as
equivalent in difficulty to Olympic or World Championship competition), their rate of one injury per
5.5 h (and at an incidence of 2.2% per competitor per event) is over 180 times that for all forms of
horse-riding combined.

Ekberg and colleagues [14] also calculated the incidence of traumatic injury events using the
number of injury events reported (n = 143), divided by the total person-time at risk, calculating such
incidence as 0.54 injury events/1000 eventing hours for novice riders, and 0.35 injury events/1000
eventing hours for qualified riders.

Extensive searches revealed only these two studies which use the specific denominator of “time
in the saddle” and so it is difficult to comment on the usefulness of such a denominator. It is certainly
worth further exploration, as it is probable that time in the saddle contributes to overall risk in the
sport, simply through exposure over time.

All these various approaches assist in illuminating the scope of risk for riders in a sport already
well recognised for being “dangerous” [8,12,17]. From these different approaches, it is possible to
identify a range of different ways in which to calculate risk for riders in eventing, and these are difficult
to assess against each other, employing as they do completely different denominators. There are
implications for equestrian sports’ governing bodies whose responsibilities include making the sport
as safe as possible, since such studies individually may not prove overly helpful in formulating an
overall risk assessment, risk management and risk reduction strategy. Furthermore, labelling a sport
as “more dangerous” or “the most dangerous” may have considerable and unintended impacts on
participation, and so it is important that any such labels are applied only when the data support them.
As outlined above, much of the published research on risk in eventing uses different denominators for
calculation, and often compares eventing with other sports which are quite different. For example, if
injury risk in eventing is associated primarily with the horse or the rider falling [12,21,22], and that risk
is concentrated around the jump itself, and the action of the horse jumping [12,21,22,24,57,58,65], then
risk cannot be said to be equally distributed around the cross-country course. In motorcycle racing,
for example, risk of injury from falling off the motorcycle would seem to be more equally distributed
around the whole racecourse since motorcycle racing involves one continuous action (going as fast as
possible) around a relatively uniform track. On the face of it, motorcycle racers are at risk of falling
and injuring themselves at almost every minute of a race. Another different aspect of eventing is that
the course itself is often over undulating ground, with twists and turns, and frequent changes of pace
as riders approach a jump, negotiate the jump, and then cover the ground to the next jump. Thus, a
comparison between eventing and motorcycle racing does not seem appropriate in calculating risk
for participants.

Table 1 summarises the findings from a very small sample of published work on the risks in
eventing, showing the different denominators used in the calculations. It demonstrates the difficulties
facing researchers and policy makers who may wish to identify a useful and standard baseline
(i.e., the same unit of measurement) for calculation of risk, when no such baseline exists.
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5. Where Is the Locus of Risk?

While acknowledging that all these approaches can provide valuable information, it may be more
useful to explore where the locus of risk is in eventing.

Most observers agree that the primary locus of risk in eventing is during the cross-country
phase of the sport, where speed and jumping combine, rather than in the dressage or show jumping
phases [1,10,57,65]. But this is too general a field from which to identify a precise locus of risk. Multiple
factors may combine to produce a fall event which results in a rider’s injury or death: the individual
experience of the rider and the horse, and their experience as a combination; the fitness of the rider
and the horse; the weather; the light; the ground conditions; the approach to the jump; the capacity
of the rider and the horse to judge distance accurately; the skill of the course designer and the jumps
builder; and sometimes just plain luck. In a single accident event, it will always be very difficult to
exclude any of these contributing factors, or indeed to accurately measure the contribution of each
variable and their interactions (clustered data). Sophisticated multilevel statistical analysis such as
hierarchical linear modelling is needed in clustered data, and is increasingly being used in analysis of
other “risky” sports such as jumps racing [66–68].

However, what almost all rider and horse falls in eventing have in common are: the jump itself,
the action of the horse jumping, the consequences of the horse jumping, or its failure to jump. Paix’s
much-cited article [12] states that “most of” the 37 rider injuries which occurred during the period
of study occurred as a result of the rider falling off the horse, or from horse and rider both falling,
mostly while jumping an obstacle. No precise numbers are reported, however. The FEI reports that of
the 8556 rider falls recorded between 2005 and 2014, 94% of them occurred at a jump [58]. A study
by Stachurska and colleagues [69], in identifying risk factors associated with falls cross-country, also
focused on the jumps themselves, pointing to factors such as successive elements of combinations,
narrow jumps, brush-type jumps, and jumps with alternative routes, across all levels of competition,
from novice (one star) to Olympic and World Championship (four star) level. Other studies [57,65]
have identified additional jump-related risks associated with jumps with a drop landing and jumps
with approaches out of water, as well as riders knowing they were in the lead after dressage, and riders
who received tuition. The most recent research commissioned by the FEI has determined that other
jump-related factors increase the likelihood of a horse fall: corner fences, square spreads, upright post
and rails, jumps into or out of water, downhill terrain, and some combinations of these factors [70].

Mechanically, falls of riders and horses in eventing are usually the result of a sudden loss of the
forward momentum of the horse and the continuation of the forward momentum of the rider [71,72].
As mentioned previously, horses can fall “on the flat” during eventing, but compared to the proportion
of falls which occur at jumps, falls on the flat do not present the same degree of “danger” for riders [58].
There are at least six scenarios for a fall of a rider during a cross-country course, including:

‚ away from an obstacle (that is, “on the flat”): the horse slips and falls and the rider continues
onwards or sideways, or—rarely—lands under the falling horse;

‚ the horse refuses to jump, stopping in front of the obstacle, and the rider continues onwards
or sideways;

‚ the horse attempts to clear the jump but hits it, the horse’s forward momentum ceases abruptly
and the rider again continues onwards;

‚ the horse fails to negotiate the jump successfully and the rider is caught up in the ensuing chaos;
‚ the horse stumbles or falls on landing after jumping, and the rider again continues onwards or is

trapped underneath the fallen horse; or
‚ the horse hits the jump with its chest or front legs, having failed to clear the jump, and its forward

momentum carries its body onwards and forwards as it somersaults over the jump. The rider,
propelled ahead of the horse’s momentum, lands in in the vicinity of the place where the horse is
itself going to land shortly thereafter.
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The author, with help from the aforementioned Dr Bruce Paix, has identified and collected
information on 59 confirmed rider deaths in eventing since 1993, across all levels of the sport, from Pony
Club to Regional Championship [24] (see Appendix Table A1). The collection began in conjunction with
the Australian national surveillance project [21], and used search phrases and terms including “rider
death eventing,” “cross-country death,” “eventing deaths,” and “rider deaths.” The data collection is
based on online articles from recognised newspapers and magazines (see, for example, [18,19]), often
followed up by on-line newspaper reports of coronial findings. The fatalities involved 25 males and 34
females ranging in age from 12 to 64, with a median age of 32. There were fatalities at 15 international
(FEI)-level competitions, 34 national-level competitions and three Pony Club competitions. In seven
cases, there was insufficient information to accurately determine whether the competition was at
the international or national level. In 32 cases, the number of the jump is identified, with a range of
jump number 2 to jump number 26, with a median of jump number 10. However, there are 25 cases
in which the jump number is either unknown or is not adequately identified (for example, “last,”
“second last,” “halfway through”). Since the number of jumps and jumping efforts in any one course
may vary depending on the level of competition, and within the maximum and minimum number of
jumping efforts required at that level of competition [9], it is not possible to extrapolate any meaningful
information from these data.

Figure 1 shows the total number of known rider deaths between 1993 and 2015 (n = 59), and those
known to have been the result of a rotational horse fall (n = 41). In eight cases, there is no verifiable
information on whether the horse fall was rotational or not.
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Figure 1. Rotational horse falls and rider fatalities 1993 to 2015.

While risk in eventing is unevenly distributed, there is a very strong demonstrated bias towards
jumping efforts (that is, the number of times a horse is required to jump an obstacle in any one eventing
course) [21,58]. It would suggest, therefore, that the primary locus of risk is the jump itself, and the
action of the horse jumping, and that, as the Hartington Report stated, the best chance of reducing
risk for riders and horses in eventing consists of reducing the chance of the horse falling [22]. Since
the horse is most likely to fall at a jump, this suggests that the greatest risk occurs at the jump. In this
case, the focus of future research should be on this locus of risk, and its relationship with the other
factors which contribute to risk in the sport. Calculations of risk in eventing should concentrate first
on measuring the number of rider and horse/rider falls and the number of rider injuries in relation to
the number of jumping efforts performed by the horses.

The FEI has led the way in developing changes to the infrastructure of the sport in order to reduce
risk for riders and horses, and these changes revolve primarily around the jump, its construction, and
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the rules governing how it can be jumped [73]. First, after the sudden cluster of six rider deaths in 1999,
five of them resulting from rotational horse falls, the FEI immediately changed the rules governing
how a rider might re-present a horse to a jump if it had refused, or not approached the jump correctly.
Until this time, as long as the horse was not deemed to have stepped backwards, the stop was not
considered a refusal, and therefore incurred no penalties. The rider could simply ask the horse to
jump from a virtual standstill after an initial failure to jump, greatly increasing the likelihood of the
horse breasting the fence because of lack of momentum, dislodging the rider forwards, and then
somersaulting over the jump onto the rider on the other side. The rule changes now require a rider
to circle away and attempt the jump again, incurring penalties, or opt to take a longer, slower option
with alternative obstacles, which will also incur penalties. Secondly, the FEI has overseen and financed
the development and introduction of significant technical interventions in jumps construction, with
the invention of so-called “frangible pins,” a system which deconstructs the jump when it is subjected
to the force exerted by a horse colliding with it (i.e., at the start of what might otherwise be a rotational
horse fall). Interestingly, the most recent research from the FEI has found an increased risk for horses
falling at fences with frangible pins [70], definitely an unforeseen consequence of a research-based
safety innovation, and clearly a focus for further research. The FEI has also supported research and
development in the areas of helmet manufacture and body protectors, ensuring that comparable safety
standards across all jurisdictions could allow the FEI to mandate the use of particular helmets and
body protectors [74]. Thirdly, there have also been changes to the qualification requirements for riders
and horses, with the goal of ensuring higher levels of skill before higher levels of competition [73]. In
addition, the FEI’s comprehensive data collection from all international and national-level events [58]
has provided a base upon which to assess risk with a greater degree of accuracy than simply counting
numbers of rider falls and injuries.

6. Conclusions

As outlined previously, a multitude of factors interact to result in a fall of rider and/or horse in
the sport of eventing, and the risk of such falls is neither evenly distributed nor constant. However,
given that more than 90% of these falls happen at the jump itself [58], future research should then
focus appropriately. The FEI is already undertaking a major research project on the factors which
contribute to falls and injuries, first by examining the role played by specific fence types in horse
falls [70], and then concentrating on rider and horse qualifications. However, this paper’s contention
that the primary locus of risk is the jump itself should be further tested by analysis of larger datasets
than those held in the current FEI database, which includes only data on international-level events.
Systems should be established to ensure accurate recording of the circumstances surrounding all falls
of riders and/or horses at all competition levels, in every eventing country in the world, including
information on as many variables as possible. Such data will provide the basis for future multilevel
analyses which may help unravel the many variables at play in such a complex set of clustered data.

Eventing is an expensive sport for organisers. If further research can support the contention
that the primary locus of risk is the jump itself, then this will encourage organisers to concentrate
their limited resources on jump-related interventions in the first place, while not ignoring
other interventions.

Other avenues for future research include determining what is an acceptable level of risk in the
sport of eventing, and for which group such a level of risk is acceptable. What is an acceptable risk
level for the riders? For the horses? For the public? For the organisers? Each group will almost
certainly give a different assessment, and these assessments must play a role in arriving at an overall
assessment of risk, and an acknowledgement of a degree of acceptance of risk. The acceptability of
risk within a specific sport is dependent on the perceptions of the participants [31] and on those of the
observers as well. As far as the riders are concerned, one research study [59] suggests that eventers are
generally more concerned about injury to their horses than to themselves, and that riders identify the
horse itself as the source of risk, at the same time expressing the view that an effective partnership
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between horse and rider is the best form of risk mitigation. Thus the horse is represented as “both
source and saviour of risk” [59].

This paper has not dealt at all with the risks for horses in eventing, but at least 74 horses are
known to have died in competition or immediately afterwards, since June 2005, an average of more
than seven a year [23]. The fate of eventing horses is not well documented, as their deaths have been
rarely reported until relatively recently, and they may very well sustain an injury which requires
euthanasia away from the competition. No central record system exists for eventing horses, other than
their competition record. In the current climate of strong public antipathy to the perceived cruelty to
animals [75–78], combined with ambivalence about the use of animals for entertainment [61,79,80], the
issue of horse fatalities in the sport of eventing will undoubtedly soon attract public attention, as it has
in the sport of jumps racing [75,76,78]. The unpublished reports of Harrison and colleagues [67,68]
found a total of 113 horse deaths in jumps racing in the Australian State of Victoria between 1995
and 2005, an average of 10 a year. The recent report [78] on Australian jumps racing, conducted now
only in Victoria and South Australia, reveals 10 horse deaths in jumps racing between 2012 and 2014,
an average of five a year. The fate of thoroughbred racehorses, whether flat racers or jumps racers,
has until very recently also been unknown once the horse leaves the racetrack for the last time. In
2015, Racing Victoria Ltd changed its rules to require trainers to notify them of the death of a horse
in training [78]. No such requirement currently exists for eventing horses. Accurate data on horse
injuries and deaths in the sport of eventing might go some way to addressing concerns about the lives
of eventing horses after competition.

Eventing can never be totally risk-free for riders or horses. Risk is inherent to the activity, and
those who engage in the sport and those who manage it know and understand this. If risk assessment
serves to reduce and minimise risk, then any calculation of risk in eventing in comparison with other
activities should first be based on comparing like with like. If risk in eventing is unevenly distributed
and not constant, then using comparisons with other activities in which risk is both evenly distributed
and relatively constant—such as motorcycle racing—is not likely to throw light on the topic. Although
more research needs to be done on the topic, risk calculation based on the number of rider injuries and
deaths as a proportion of the number of jumping efforts would indicate that eventing is unlikely to
be as dangerous as motorcycle racing. The focus of risk calculation in eventing should be first on the
jump, and the action of the horse jumping, and on preventing horses from falling at jumps. It is by
focusing on the locus of risk—the jump—that eventing will have a sporting chance.

Acknowledgments: The author acknowledges the support of Associate Professor Kirrilly Thompson, CQU, in the
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Holly Bowen for formatting the paper for submission.
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Simple Summary: There is a high risk of injury for people involved with horses in their work or
recreational pursuits. High risks are particularly evident for racing employees and veterinarians.
Elevated risks of injury may be associated with misjudging how to handle situations, reduced
attention caused by distractions, taking a general view, and failing to consider other strategies that
may reduce risks. To improve safety for humans and horses, it is important to identify safety strategies
that are flexible, focused and specific.

Abstract: While the role of the horse in riding hazards is well recognised, little attention has been
paid to the role of specific theoretical psychological processes of humans in contributing to and
mitigating risk. The injury, mortality or compensation claim rates for participants in the horse-racing
industry, veterinary medicine and equestrian disciplines provide compelling evidence for improving
risk mitigation models. There is a paucity of theoretical principles regarding the risk of injury and
mortality associated with human–horse interactions. In this paper we introduce and apply the four
psychological principles of context, loss of focus, global cognitive style and the application of self as
the frame of reference as a potential approach for assessing and managing human–horse risks. When
these principles produce errors that are combined with a rigid self-referenced point, it becomes clear
how rapidly risk emerges and how other people and animals may repeatedly become at risk over
time. Here, with a focus on the thoroughbred racing industry, veterinary practice and equestrian
disciplines, we review the merits of contextually applied strategies, an evolving reappraisal of risk,
flexibility, and focused specifics of situations that may serve to modify human behaviour and mitigate
risk.

Keywords: human–horse risk; context-specificity; attention; cognitive error; self-reference

1. Introduction

Safety risks for people working with, riding, or otherwise being in proximity to horses are well
documented. These include injury or death and, across the different equestrian disciplines, horse riding
is widely considered a high risk activity [1–15], as is working with larger animals [16–18]. The literature
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identifies racing industry employees, veterinarians and equestrian disciplines at particular risk of
injury or death [1–17].

At especially high risk are thoroughbred racing industry employees [1,2,6,7]. For example, in
Australia, work-related injury claims from 2002 to 2010 due to injuries sustained from working with
horses averaged $A9 million per year for workers in the racing industry [7]. There are high risk
injuries [1,2,6,7] in the racing industry with high insurance costs [6,7]. Curry et al. [7] reported that
39% of race-day incidents accounted for 52% of the insurance costs. Race-day insurance costs were on
average higher ($A33,756) than non-race-day incidents (which averaged $A20,338). Curry et al. study
reported that 49% of the sample had injuries to lower and upper limbs, with fractures also prevalent [7].
However, head injuries were less common (5.3% of fall injuries and 2.7% of no-fall injuries) but related
to greater monetary costs and more days absent from work [7]. Forero Rueda et al. [1] reported rates of
concussion and head injuries in flat and jumps jockeys in Ireland (23 per 1000 falls), France (32 per
1000 falls) and Britain (19 per 1000 falls) that seemed lower than those reported by Curry et al. [7].
Injuries per fall rates from flat racing were between 33% and 44% [1]. Jumps racing per ride had
the highest injury rates for all jockeys (i.e., both amateurs and professionals) [1,2] and, in Australia,
17.4%–21.9% of compensation claims were jumps racing jockeys [7]. The average monetary claim for
jumps racing jockeys was $45,831 compared to $24,672 for flat racing jockeys [7]. An Australian study
by Cowley et al. [6] reported that track riders and stable attendants accounted for most of the worker
compensation claims (71%) and, among them, 72% cited horse-related injuries due to falls from horses.
Other injuries reported were being kicked, struck, hit, crushed or pushed by horses. Fractures and
contusions were listed as the primary injuries [6].

Elevated risks of injury are related to the type of race, distance of the race, experience of the horse
and jockey (i.e., apprentice and amateur jockeys) [1,2,7]. Hitchens et al. [2] considered jockey, horse
and environmental variables as influences on the risks in racing. Thus, the racing data show variation
in the risk profile of injury, but there are suggestions that inexperienced jockeys, track riders and less
accomplished horses elevate the risks of injuries.

Other horse-related professionals at risk appear to be veterinarians. Data indicate that most
large-animal vets were at an increased risk of significant injuries compared to companion animal
vets [17]: 51% receiving injuries in the workplace that affected the span of their professional working
life, and 26% having sustained injuries in the preceding year. Lucas et al. [11] cited evidence that the
most common injuries (79%) reported by vets were sustained either by being kicked or struck by horses.
This was similar to injuries cited for veterinary and animal science students (n = 260): foot/ankle
(39.1%), upper leg/knee (34.8%), and hand (13%) being the most common areas injured [12]. The most
prevalent ways students were injured were by being trampled or kicked by a hind limb (30.4%),
bitten (13%), or falling when riding (8.7%). The most common nature of the 31 injuries reported were
bruising/soft tissue injury (91.3%), open wound (17.4%), muscle or tendon injury (8.7%).

Similarly, equestrian disciplines have high rates of injury [3–5]. The equestrian risk (11.2%)
was almost equivalent to injuries from all-terrain vehicle injuries (12.2%) and 1.4 times greater than
sports-related injuries [5]. Mayberry et al. [4] reported that injury is common and serious, most notably
in the first one hundred hours of gaining experience. The risk of serious injury for equestrians was
reported as 1 in 5 [4]. Despite professionals reporting lower rates than novice riders due to their higher
skill level, they were at great risk (94%) of sustaining an injury during their career [4]. Lim reported
that less experienced or younger riders were more likely to be hospitalised than experienced riders,
possibly because older riders rolled to break the fall [3]. A larger scale review by Hawson et al. [10]
of the human–horse injury literature stated that the most common risks to non-veterinarians were
from falling or being thrown from a horse. Head injuries including concussion and brain injuries
are most likely when helmet use is limited [3,6]. Therefore, despite the overall high risk of injury
to equestrians, from the limited evidence for injuries requiring hospitalisation it appears that less
experienced novice and non-helmeted riders are at greater risk. However, even career professionals are
exposed to significant risk with a rate of at least one injury in their career, so exposure to horses seems
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to be implicated also. These data provide compelling evidence of the need for clear determinants
of risk-mitigation models that can better address the risky nature of working with horses and other
large animals.

Thompson et al. [13] summarised many of the most prevalent horse-related risks for people as
including the inherent risks themselves, characteristics of the horse, characteristics of the rider, and
influential factors evident in the broader horse culture. Some of these risks can be reduced by the
design of thoroughbred facilities such as stud farms, auction venues and racetracks [19], but the horse
and rider risk variables remain [2–5]. An appreciation of these risks should prompt researchers across
various disciplines to the study of horse-related risks for people, including track or equestrian-centre
employees, handlers and riders. To address the dearth of psychological equestrian risk literature, it is
salient to include already established and evidence-based psychological variables that could potentially
mitigate risk of injuries to humans during their interactions with horses.

In the current paper, we specifically use some of Michael Yapko’s [20–22] evidence-based ideas of
cognitive processes and his emphasis on the effects of one’s quality of focus on eventual outcomes
as a theoretical anchor. Yapko is best known for combining focused states of awareness (i.e., paying
attention under hypnosis) with cognitive therapy to alleviate depression, anxiety and other negative
emotional states to assist people in making associations with existing resources or developing new
skills [20–22]. He includes attributional style as an influence on the development of cognitive therapy
and hypnosis [23]. He has also used focused awareness, such as hypnosis and cognitive therapy,
to recalibrate dangerous health behaviours, which essentially recalibrates the cognitive, emotional,
physical and behavioural risks for destructive human behaviours [22]. Focus is central to his work
because it amplifies awareness that is an integral part of change and this enhances processing new
information [20–22]. In essence, he focuses on changing psychological process errors (i.e., association
rather the dissociation and being specific as opposed to being global in some circumstances) rather
than the content (i.e., basis of the person’s story). It is evidence-based and merits consideration in
the current context of reducing risks in human–horse interactions, which is a novel arena for the
application and extension of his work. There is useful literature on naturalistic decision-making [24,25],
in situations that require rapid responses, but this lies beyond the scope of the current article. Indeed,
it makes sense to apply established psychological theoretical principles with effective clinical outcomes
supported by a body of evidence, to a novel target such as human–horse risks.

Yapko suggests psychological targets, such as context (i.e., situational factors shaping responses),
focus (i.e., the direction and quality of one’s focus) and cognitive style (i.e., how one assimilates
and integrates information), as processes for understanding the mitigation or elevation of the risk
for humans who engage in behaviours that may be detrimental to their health. This cognitive and
contextual information can be applied to the area of risks arising for employees working in the horse
racing industry (e.g., jockeys, track riders, attendants and veterinarians) and others who have contact
with horses across the equestrian disciplines.

In the following sections of this paper, we consider whether context, loss of focus, global cognitive
style and the application of self as the frame of reference are important and how they can relate to each
other, in exacerbating and managing risks.

2. The Relevance of Context in the Changing Profile of Risk

The importance of contextual relevance is evident when some purposeful strategy may work well
in one particular area or interaction, yet the same strategy may fail when applied in a second situation
when the context does not support its use [20,22]. The effective application of a given strategy would
need to account for specific cues perceived by the rider, from the particular context of the immediate
human–horse interactions. A strategy from a previous context may or may not work in the current one.

Assessing the contextual cues from humans and horses associated with risky behaviour and then
selecting the appropriate (i.e., safe, effective) strategy is paramount. It is possible that, when working
with horses, making decisions within a short time-frame may also be a paramount consideration (e.g.,
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quick and efficient decision-making skills) that could help riders respond more effectively and thereby
prevent accident or injury. This point is supported by Hausberger et al. [26], who indicated that people
require different skills for different contexts. They separated the skills necessary for handling horses
well from the skills of riding horses well. As such, racehorse attendants’ duties, which include animal
care, grooming, preparation of the horses, cleaning stables and horse-handling, differ substantially
from track riders’ and jockeys’ occupational requirements [6]. Furthermore, veterinarians’ skills are
vastly different to the skills of others in the horse industry. Veterinarians assess and treat equine
medical problems, such as attending to horses in crushes, examining horses that may be in pain,
distressed or in unusual circumstances (e.g., traffic or accidents during transportation in a float), all
of which pose different risks to personnel [27]. In summary, different jobs require different skills
that include job-specific assessments of human–horse interactions. Arguably, risk mitigation can be
progressive, and ranking the skill-sets for different duties relies on re-evaluation of risk across different
circumstances, situations and with different horses.

Changes in context are of great relevance in risk management at the human–horse interface.
They could simply represent a shift from the horse’s home environment to an unknown or less familiar
environment (e.g., racecourse, veterinarian facility or competition venue). Cowley et al. [6] state that, in
a shared track-riding environment, occupational hazards can be especially prevalent because trainers
have less influence over the environment than they do in a private context. Equine responses reflect
the familiarity, but also predictability, of their current environment. As a prey species, horses are
flight animals that are characterised by unpredictability or their instinctive need for safety [13,28].
Three examples are provided in Table 1.

Table 1. Examples from track-work riders and jockeys, equine veterinarians and equestrian competitors
that illustrate the relevance of context and purposeful effective strategies that can increase the risk
of injuries.

Track-Work Riders and Jockeys Equine Veterinarians Equestrian Competitors

Examples of how awareness of the context can be used to recalibrate risk

A horse in a racecourse environment
may be adrenalinised on race day by
the atmosphere at the track. The
crowd, noise, speakers, barriers, and
other horses could prompt a flight
response in the horse, particularly
with a younger horse just
introduced to the new environment.
Horses are often kept moving (i.e.,
walking) to cope with the stressful
atmosphere. An unpredictable
response from a person in the crowd,
such as a flag flying near the horse,
could prompt a startle response and
flight reaction. The racing attendant
may use the focus of the horse to
divert its attention from the flag,
move the horse away, or habituation
to flags could be undertaken prior to
race day to prepare the horse.

A horse may not have been exposed
to a crush prior to attending a vet‘s
premises. It may be in pain and
require treatment. The horse may
trial running backwards or
sideways, and either kick out or
barge over the handler if it fears
being put in the crush. Some vets
may, with the owner‘s consent,
sedate the horse for safety of the
horse and personnel. A contextual
alternative could be to use clicker
training (i.e., positive reinforcement
with food) or exploring the
environment with wither scratching,
if it is in the training repertoire of
established responses. A poorly
chosen strategy, such as the handler
using a whip for punishment, could
produce disastrous, noxious and
fear-related results and potentially
exacerbate the flight response
contributing to possible injuries to
those involved.

When a competition horse in the
home environment sees an
unfamiliar object, such as a camera
on a tripod, it may seek to avoid the
object and need reassurance, such as
calm verbal responses and wither
scratching and/or (if under saddle)
leg cues to move past the object [27].
The same horse in a competition
environment may require time and
free exploration to habituate to
novel objects. It may also need
reassurance before approaching
such objects [27]. Thus, the strategy
chosen by the rider could vary
according to the environmental
conditions and potential reactivity
or flight response of the horse.
Forcing horses past novel objects in
the competition atmosphere may
exceed their tolerance threshold,
increasing the risk of a flight
response, and potential for
human/animal injury.
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3. The Counter-Balance of Focus or Loss of Focus

The second variable to consider as part of a risk-mitigation model relates to loss of human
focus. The definition of dissociation is the ability to separate a broad (i.e., global) experience into its
component parts and reduce awareness [22]. Essentially, dissociation is a reduction in the direction
and quality of focused attention. Yapko [22] emphasises that dissociation is a neutral term. That said,
he makes the point that dissociation can be used as a negative or positive process and that it ultimately
depends upon the context and specificity of its application [22]. A person’s attention may be internally
oriented (i.e., they may be thinking about the other tasks, past events or daydreaming), or they may
be distracted and diverting their attention to another task in their environment. It is the “attentional
drift” [22] at critical moments from the interaction with the horse in specific settings that poses dangers.
The awareness or focus of an individual can drift and, when this happens, more automatic responses
can emerge with less awareness for recalibrating risk [21,22]. Three examples are shown in Table 2.

Table 2. Examples from track-work riders and jockeys, equine veterinarians and equestrian competitors
that illustrate the drifting awareness that increase the risk of injuries.

Track-Work Riders and Jockeys Equine Veterinarians Equestrian Competitors

Examples of how the awareness or focus of an individual can drift and, when this happens, more automatic
responses can emerge with less awareness for recalibrating risk

A track rider exercising a horse
could be distracted by a discussion
with a co-worker riding alongside
and not notice a change at the
racecourse, such as some new
machinery. The horse could spook.

A vet could be distracted while
performing an examination and
explaining something to an owner.
Meanwhile, the horse stands on
the vet’s foot or kicks out.

A riding competitor is distracted
by another horse’s behaviour and
loses focus on his own horse’s
reaction. Thus, the rider did not
notice the fear building in his
horse and not respond early
enough to defuse it.

Research shows that inattention has been associated with an increased risk of crashing vehicles,
such as cars or trucks [29–31], as well as with risky health behaviours, such as smoking tobacco [22].
Smokers routinely fail to accurately consider that smoking elevates their risk of cancer and
cardiovascular diseases [22]. Therefore, risks for injury, death or illness increase when dissociation
happens in contexts that are inappropriate and problematic. Similarly, it is feasible that dissociation
may be a process that hinders human–horse risk.

Indeed, Hausberger et al. [26] reported that observational skills and attentional skills were
pivotal in preventing accidents specific to humans and horses. Perhaps contrary to expectation,
Hausberger et al.’s review [26] concluded that documented accidents did not decrease with the degree
of human competence or accumulated experience with horses. Hitchens et al. [2] reported that jockeys
over 35 years of age had increased rates of falling off horses if they had ridden earlier at the race
meeting, suggestive perhaps of fatigue or attentional issues. However, prior evidence reviewed [2,4]
indicates other factors such as being less experienced, having less accomplished horses and not wearing
a helmet were associated with elevated risk, thus highlighting human experience and horse variables
as risks for injuries. There is evidence of a clear decrease in fall rates over time, i.e., with accumulated
experience [32].

Thompson and Haigh [5] reported that horse riders “rarely described their own horses as
dangerous or unpredictable” because of their experience and familiarity with these animals. However,
fractious horse behaviour with a rapid flight response [18] can make horses dangerous in their
responses around people [13,27]. Riders often fail to appreciate a change in the direction or the quality
of their focus as critical for risk mitigation. Instead, they rely on experience as the predictor, which
indeed could be a serious or even fatal error for risk appraisal. The specific context and loss of focus
already pose two major risks, but a further issue, such as cognitive style, can also thwart accurate
risk reappraisal.
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4. A Global Cognitive Style Can Bring Specific Risks

A global cognitive style is a broad style of thinking that focuses on the bigger picture and is
over-inclusive [20,21]. It lacks the specificity and filtering processes necessary for some thoughts
or perceptions to be accurate, true, integrated and representative [20,21,33]. Again, this is a neutral
term that relies on context for its utility. To illustrate this, a global overarching principle for life, say,
regarding animal welfare (e.g., “animal abuse is wrong”), may indeed be helpful in protecting animals
from harm. A metaphor for a global cognitive style could be seeing the forest but not the trees [20].
A sweeping broad view, such as a global cognitive style cannot be relevant for all circumstances, as it
overlooks specific risks. A global cognitive style regarding accident risk could be problematic. In this
vein, a study by Thompson and Haigh [9], when they investigated the use or lack of use of helmets,
highlighted the global cognition of riders that “accidents happen”, “I can control risk” and “it does
not feel right”. It is highly improbable that each of these statements could be accurate in all situations
across horse care, preparation, handling practices, riding, track work, racing, competition venues,
veterinary practices or the home environment. So, specific and focused adjustments for contexts and
circumstances offer a critical opportunity to reappraise the process of risk assessment and management.

Without the context, focal point and specifics, the opportunity for cognitive errors in assessing
risk increases [22]. Specificity is an antidote for a global cognitive error. As specific realistic risks are
raised under focused states of awareness, decision-making can be altered to minimise or avoid the risk.
When the cognitive error is acknowledged in a focused state, some people recalibrate their behaviours
and choices. In his clinical work with people who engage in risky behaviours, Yapko [20–22] has
documented the teaching of skills and routine recalibration of risks under focused states of awareness.

Table 3. Examples from track-work riders and jockeys, equine veterinarians and equestrian competitors
that illustrate global cognitions that increase the risk of injuries.

Track-Work Riders and Jockeys Equine Veterinarians Equestrian Competitors

Examples of human global cognitions that elevate risk

Global: Everyone runs risks in the
workplace. It’s just bad luck if you
get injured.

Global: Older mares don’t need to
be scanned in crushes.

Global: Riding horses is no more
dangerous than any other
sporting activity.

Specific: Some risks in the racing
industry can be identified,
managed and avoided when
safety protocols are followed.

Specific: Even when scanning
an experienced broodmare, it would
be sensible to reduce the risk of
injury by using a crush, especially
given it’s a veterinary examination
that occurs less frequently and calls
for extra handling skills.

Specific: Given that a horse’s
response to fear is to flee, riding
horses can elevate the risk of
injury and mortality, especially
when high speeds and jumping
are involved.

A global cognitive style can ultimately be detrimental for the process of differentiation [20–22].
Differentiating and separating certain elements of experiences should be considered a core skill
required for mitigating risk. This is especially so, given the cognitive differences between humans
and horses, although any discussion of these differences, either real or putative, can be contentious.
Humans have the ability to generalise learning across situations; in contrast, equitation scientists
generally maintain that horses are context-specific in their approach, do not generalise immediately,
and do not possess higher cognitive abilities [34–37]. A rider can train a horse to go forward in
a certain place, but a horse, particularly a young one, associates all the cues (e.g., visual) specific to
that particular place with the go-forward cue. Therefore, the younger horse may fail to go forward
in another situation [35,36]. An example would be when the horse learns to travel through a water
obstacle at home, but fails to generalise it to all water obstacles at different venues until all the other
concomitant visual details are less relevant than the water itself [35]. It is critical that people who
work with horses understand the intricate learning processes of horses and humans, especially given
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that horses can be context-specific [35,36] with a new skill and the rider may be global [20–22] in his
approach. A context-specific horse with a global rider could quickly succumb to an elevated risk of
injury. Examples are shown in Table 3.

People who work with horses and who have a global cognitive style, a loss of focus and who
fail to consider the context, collectively or separately can have an elevated risk of injury or mortality.
As the case builds across this article, the final problematic process is the ability to see risk only through
one lens or focal point.

5. Using the Self as a Frame of Reference Hinders Flexibility in Risk Appraisal

The idea that one person’s perspective is fact can potentially contribute to the risk of injury. It is
important to appreciate that each horse can have a repertoire of current behaviours that vary from
the most recently observed [27]. More specifically, a given horse may adopt a certain response in one
episode and a different response in the same environment because horses trial behaviours to cope with
circumstances and do not always generalise [27,34–36]. If workers in the racing industry, veterinary
practice or equestrian disciplines assume that horses will react in the same way as they have done
previously, they are embracing a dangerously rigid approach to risk assessment and management.

Yapko [21] defined “using the self as a frame of reference” as perceiving or interpreting
information from the person’s social learning history without consideration of alternative views. It can
indicate a pattern of selective perception. So, being wedded to a particular view that is safety -focused
may have an advantage but, plainly, adhering to a view that elevates risk (e.g., “I’ve ridden without
a helmet before and I’ve been fine”) could be problematic [21]. A rigid style discounts the probability
of the horse trialing a new behaviour, so riders may be surprised by the behaviour and delayed in their
response. A flexible style (using other points of reference) would be more accommodating, allowing
riders to respond quickly if they have the skills to cope with such behaviour and correct it. Examples
are shown in Table 4.

Table 4. Examples from track-work riders and jockeys, equine veterinarians and equestrian competitors
that illustrate self-referencing as a cognitive error that increases the risk of injuries.

Track-Work Riders and
Jockeys Equine Veterinarians Equestrian Competitors

Examples for the idea of self-referencing as an assessment point

A horse at home has no
history of rearing. On race
day, it is exposed to the
public address system and
rears. The stable attendant is
surprised, dragged sideways
and delays making
a response.

A horse attends the vet’s premises
for treatment. The owner says the
horse has never kicked out before,
but in an unfamiliar environment
while undergoing veterinary
procedures, such as injections,
it kicks out as it is insecure
and unwell.

A horse spooks at a yellow garbage bin
in the warm-up arena at a new
competition venue. The horse does not
typically shy at home. The rider is
perplexed and caught unawares.
The rider’s self-referencing ideation can
heighten the risk of a fall or provide
delays in signaling the horse to move
forward (e.g., faster with leg speed or
longer in the stride) and maintain focus.

6. Conclusions and Future Direction

Drawing on the available literature, our analysis has found that while the four critical concepts
for human–horse risk mitigation; namely contextual relevance, inattention or loss of focus, global
cognitions and referencing on the basis of past history, are not problematic per se, it is the context
in which they are applied that is paramount when assessing risk for human–horse interactions.
We have provided examples to demonstrate how each of these risk factors relate to the three high
at-risk groups identified earlier in this paper; track-work riders and jockeys, equine veterinarians and
equestrian competitors.
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We posit that to reduce risk, the formation of new associations that realistically appraise the
risk in an ongoing manner and prompt actions that are context-specific, focused, and flexible offer
a sensible approach [20–22]. In the pragmatic sense, using metaphors and hypnosis to alter the
cognitive, emotional and behavioural options of paying attention to horses’ cues and behaviours
in specific scenarios (e.g., transport loading, racetrack behaviour, or injection as part of veterinary
practice) could be used. Establishing a tool-kit with information on how horses learn and respond
(e.g., habituation, learning theory; pressure and release, positive reinforcement) could be of use, albeit
to illustrate key points, the language could be modified for lay people. Metaphors and hypnosis could
emphasise and promote the advantages of acquiring the specific skill-set or to make adjustments in
the skill(s) used (e.g., appropriate use of negative reinforcement, such as via the bit as a stop cue;
wither scratching for an anxious horse; allowing the horse to assess an aversive object, subject to the
arousal state of the horse [38]). Baseline and post-intervention measures could be developed to test for
statistical or clinically relevant change (i.e., of practical or applied value in everyday life) [39].

The awareness of risk factors, the association of these risk factors with workers in different parts
of the equine industry who are most at-risk, and identifying the implications if these risks translate into
actual incidents, are all important steps in reducing equine-related accidents. However, it is important
to go beyond these steps and suggest that preliminary solutions that may be developed in the future
into a more comprehensive model built on the foundations outlined in this paper. For example,
dissociation in a new environment, or even in a familiar environment, can pose risks due to the
inattention that arises in the human–horse interaction, specifically distraction from monitoring the
horse’s responses. Subsequently, the human response will inevitably be delayed. Focused awareness is
central to this risk-mitigation model. The human expectation that a horse will respond similarly in
all scenarios without the human appropriately assimilating the requirements of the horse or specific
situations could elevate the risk of human injury or death. Choosing a poorly matched strategy
for the situation could also be disastrous. Combining the contextual, cognitive errors with a rigid
self-referenced point of view and a lack of focused attention helps to clarify how risk rapidly emerges,
and how others may repeatedly become at risk over time.

Essentially, many workers in the racing industry and people across all equestrian disciplines may
be unaware of some of the critical requirements for realistically assessing the risk of injury. This paper
offers crucial suggestions on what is important and how to form a pattern of interruption [22] to help
to address the risks that equine industry workers and humans in equestrian disciplines currently face.
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Simple Summary: Records from road transport of horses from Perth to Sydney over a two
year period were analysed to explore the incidence of transport related issues and identify
risk factors. Transportation resulted in health problems in 2.8% of the transported horses,
and in fatalities in 0.24%. Journey duration and season were risk factors for the development
of transport related health problems, while breed, sex and age did not predict disease or
injury risk. Overall, this study provides statistics to inform policy development for the equine
transport industry and enhance management of the transported horse.

Abstract: Equine transportation is associated with a variety of serious health disorders
causing economic losses. However; statistics on horse transport are limited and epidemiological
data on transport related diseases are available only for horses transported to abattoirs
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for slaughter. This study analysed reports of transport related health problems identified
by drivers and horse owners for 180 journeys of an Australian horse transport company
transporting horses between Perth and Sydney (~4000 km) in 2013–2015. Records showed
that 97.2% (1604/1650) of the horses arrived at their destination with no clinical signs
of disease or injury. Based on the veterinary reports of the affected horses; the most
common issues were respiratory problems (27%); gastrointestinal problems (27%); pyrexia
(19%); traumatic injuries (15%); and death (12%). Journey duration and season had a
significant effect on the distribution of transport related issues (p < 0.05); with a marked
increase of the proportion of the most severe problems (i.e., gastrointestinal; respiratory
problems and death) in spring and after 20 h in transit. Although not statistically significant;
elevated disease rate predictions were seen for stallions/colts; horses aged over 10 years;
and Thoroughbreds. Overall; the data demonstrate that long haul transportation is a risk for
horse health and welfare and requires appropriate management to minimize transport stress.

Keywords: transport; horse; journey duration; season; risk

1. Introduction

Transport stress in horses is caused by a myriad of stressors (e.g., isolation, confinement, noise,
vibration, balance problem) which affect them both mentally and physically, causing behavioural and
health problems prior to, during and after travel [1]. Both short and long trips are stressful for horses and
require proper management [2]. Longer trips have a greater effect on horse health and require particular
attention [3,4], and those longer than 10 h duration may lead to psychological and physical exhaustion
and death [5]. Consequently, many animal transport codes include special requirements for longer
journeys. For instance, the EU regulation 1/2005 [6] has specific requirements if the transport exceeds
8 h. The Australian Animal Welfare Standards and Guidelines for the Land Transport of Livestock has
instead specie-specific maximum journey and minimum rest periods that take into account access to
water and food en route [7].

Stress activates hormonal changes in animals, which help them to adapt to the stressful situation.
This response is commonly referred as “the flight or fight response”, and it is characterized by the
activation of the pituitary and adrenal responses and by a release of adrenaline and cortisol. The
most common effects of adrenaline are an increase in heart and respiratory rates, and an increase in
sweating and defecation [8]. During transportation these hormonal responses are often a result of the
horse attempting to adapt to the challenging situation (being transported), but they can affect the horse’s
immune response, making the horse more susceptible to transport-related diseases [9,10].

Transportation has been associated with physical injuries and heat stress, as well as specific illnesses
such as respiratory diseases, colic, laminitis, enterocolitis and rhabdomyolsis [1,3,11]. The most
serious, potentially fatal respiratory disease is equine pleuropneumonia, commonly referred to as
“travel sickness” or “shipping fever” [12]. The risk of developing this disease increases with journey
duration, especially when the duration exceeds 10 h [13]. Predisposing factors for the development of
shipping fever include prolonged head elevation [14], poor air quality [15], and pre-existing respiratory
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diseases [5]. Transport associated dehydration, withholding of food and water, and diet change on arrival
have been proposed as risk factors in the development of transport related gastrointestinal disease in
horses [1]. Colic during or after transportation is commonly reported, with impaction of large colon most
often recognised [1,11]. Enterocolitis caused by Salmonella spp. has been also associated with transport
stress [16] and can be fatal. While many risk factors for the development of transport related diseases
and injuries have been identified, further studies are required to identify additional unrecognised factors,
and to determine the relative contribution of different contributing factors to transport related disease and
injury. Knowledge of the full range of risk factors related to equine transportation may help to safeguard
the welfare and wellbeing of horses.

Surveys on farm animal transportation have been performed in to identify risk factors and explore
epidemiological basis of transport related health and welfare issues. For instance, the incidence of
mortality during road transport has been calculated for cattle in North America (0.011%) [17], bobby
calves in Australia (0.64%) [18], pigs in Europe (0.07%) [19] and in broilers in Brazil (from 0.42%
in summer to 0.23% in autumn) [20]. In horses, surveys have been reported only for transport to
abattoirs/slaughter plants [21–23]. In these studies, transport related health problems ranged from 7%
to 28%. However, large numbers of horses are transported for other commercial activities such as
competition and breeding, and for recreational uses. As these animals have a greater economic value
than those destined for abattoirs, it is likely that their management and their transport-related health
problem incidence will be different.

Millions of horses are moved daily all over the world, with the true global total of horse transport
movements so large that it is impossible to estimate [24]. Consequently, there is a gap in our knowledge
of the incidence of transport related problems, horse mortality, and risk assessment related to equine
commercial transportation. To the authors’ knowledge, a survey on commercial equine road transport
for any purpose has never been conducted in Australia. As the scientific identification and evaluation
of hazards can only be done when the scenario including the animal and the transport environment is
defined [25], the records of a horse transport company specialized in long road trips (~4000 km, taking
3.5 days) in Australia were collected and analysed. The objective of the present study was to determine
the incidence of transport related injury and illness in horses undertaking commercial long-distance
road transportation, and to assess and quantify the relationship between animal (sex, breed, and age),
transport conditions (duration, and season) and welfare outcomes measured by the incidence of death,
injuries, pyrexia, respiratory and gastrointestinal problems associated with a defined commercial long
haul transport in Australia.

2. Experimental Section

2.1. Materials and Methods

Records of all transport movements from April 2013 to April 2015 were obtained from a commercial
horse transport company which regularly transports horses between the east and west coast of Australia
(~4000 km and at least 3.5 days duration). Care and handling of the animals during transportation
was not supervised by the research team. This data set was collected as part of a comprehensive
survey on horse transportation approved by the Human Research Ethics Committee of the University
of Sydney (2015/308).
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2.2. Trip Details

Before booking the trip, each owner had to send to the company the following information: breed,
sex, age, body measurement, level of tame, reason for transportation. This information was necessary
to allocate the right space to each animal inside the vehicle. As policy the company moved only tamed
horses, at least trained to halter and basic commands from ground (e.g., follow and stop at the rope) and
advised previous transport experience, the transported animals complied with this policy.

All transportation was performed following a fixed schedule from a collection stable in Sydney. The trip
consisted of four stages: Sydney-Melbourne (10 h), Melbourne-Adelaide (8.5 h), Adelaide-Kalgoorlie
(24 h) and Kalgoorlie-Perth (6 h). After each stage, horses were given a twelve hour rest period.
The total duration was approximately 85 h with approximately 49 h in transit and 36 h for rest stops.
The schedule was reversed for Perth-Sydney trips.

At the collection stable and rest points, horses were individually housed in in-walk out rubber lined
stables and/or paddocks that were used only for horses in transit.

All animals travelled on the same type of vehicle (Mega Ark Trailers, MANr, Munich, Germany,
Europe) equipped with 15 horse individual stalls, 6 facing backwards and 9 facing forwards. However,
since large horses were allocated 1½ stall spaces, the average number of horses transported per trip
was 9.1.

The ventilation system comprised venturi vents, louvres and electric fans generating an airflow which
the manufacturer verified was compliant with the Australian code of transportation throughout the trailer.
When the vehicle was moving fresh air entered through the louvres and was extracted by the venturi
vents. The fans were used in extreme heat conditions (> 35 ˝C–40 ˝C), and to ensure constant air flow
when the truck was stationary (e.g., feeding and watering times, fuel stops).

The horses travelled in individual stalls, restrained by rubber cords which would break under extreme
pressure. Foals, ponies, weanlings or un-educated horses were not tied up. Mares and foals travelled in
a 3 stall section which allowed them to move around as if in a small box. Horses were fed and watered
every 4–5 h, using the stainless steel feed and water bins in each bay; water and food were refreshed
regularly en route.

Two drivers were used for all trips for which data were collected. Both were licensed to drive heavy
combination vehicles and were experienced horse handlers with many years’ experience in commercial
horse enterprises.

All journeys complied with the standards and the guidelines for the transport of horses required by
the Australian Code of Livestock Land Transportation [26].

2.3. Monitoring of the Animals and Identification of Pathology

The assessment of the fitness for travel of the horses was performed by the drivers and experienced
staff members of the company at the collection stable and at each transit stable before loading the animals
to continue the journey. The assessment was made in accordance with the Australian Code of Livestock
Land Transportation. The condition to be assessed included any signs of colic, raised or lowered rectal
temperature, lethargy, diarrhoea, wound or abscesses, lameness (no more or equal to the fourth grade)
and body condition score (no less of two) [26]. After the assessment the report was sent to the operation
manager, who gave final approval for transport.
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During transport, there were two opportunities for monitoring horse health. The first was during the
mandatory rest stops which are required after four hours of driving. At these stops, the driver undertook
a visual examination of the horses. The second opportunity for monitoring occurred at the transit stables
where rectal temperature was recorded, and drinking, feeding and eliminating behaviours monitored.
At the rest stop in Adelaide, horses were inspected by an Australian government accredited veterinarian
who confirmed that horses were fit to continue their journey, administered a triclabendazole drench and
collected a faecal sample in compliance with western Australian quarantine regulations.

As soon as any health problem was identified by the drivers, the company manager was informed and
a veterinarian was called for consultation and for treating the affected horse. The company director had
a list of veterinarians to call in emergency. The affected horse did not continue the trip if the veterinarian
did not evaluate it fit for travel. When health problems were identified by the owners post transport,
the transport company manager was informed and he required a veterinarian’s report to prove that the
problem was related to the previous journey.

2.4. Dataset

The data set included 1650 horses transported from Perth to Sydney (~4000 km) or vice versa for
180 journeys. Horse details (breed, sex, age) and the date of the trip (month and year) were recorded.
The data set included reports of problems and issues identified by the drivers and horse owners and
sent to the company manager, including the type of problem(s) and where (e.g., location) and when it
occurred (i.e., an estimation of the approximate time at which the issues or incidents were first identified).
As after the identification of each problem, horses were checked and treated by veterinarians, and after
death necroscopy was conducted, their veterinary records were also included in the dataset.

For statistical analysis, the recorded transport related issues and problems were classified according
to the time of occurrence in the following categories: pre-loading (from the horse’s home stable
to the company’s collection stable in Sydney or Perth); in transit (during the trip or at rest stops);
and post-transport (within 3 days after arrival at destination).

Based on the veterinary records, the transport related health problems were also classified into five
categories according to clinical signs/body system affected (Table 1).

Table 1. Description of the transport related issues.

Category Definition

Injuries Laceration, abrasion, contusion, swelling.
Pyrexia Rectal temperature >38.5 ˝C, in the absence of other localising signs.

Gastrointestinal problems
Colic, enterocolitis, large quantity of internal parasites eliminated
after triclabendazole treatment.

Respiratory problems
Nasal discharge, coughing, inflammation/infection of the upper or
lower respiratory tract, and pneumonia.

Death Horses found dead or humanely destroyed.
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2.5. Statistical Analysis

Descriptive analysis of the dataset was conducted using statulorbeta [27]; data were reported as
number of injuries or illnesses and as percentages. All further statistical analyses were performed
using Gen Statr Version 14 (VSNi International, Hemel Hempstead, UK). For all statistical analyses,
a p value of <0.05 was considered statistically significant.

The details of all the travelled horses were categorized according to sex (mare/filly, gelding,
stallion/colt), age (weaning/foal, yearling, 2–5 years, 6–10 years, >10 years), and breed (Arab,
Quarter horse, Standardbred, Thoroughbred, Warm Blood). Univariate logistic regression analysis was
conducted with development of a transport-related problem as the outcome (1/0: affected/non affected),
and sex, breed, and age as the explanatory variables. Wald tests were obtained along with mean
predictions of disease rate for each variable.

The date of recorded transport-related issues was categorized into the four Southern hemisphere
seasons: winter (June–August), spring (September–November), summer (December–February), autumn
(March–May). The time of the recorded transport-related issues (calculated from departure to when the
recorded transport related issue or problem was identified) was classified into three categories of journey
duration: <20 h, 21 h–40 h, and >40 h. Based on the veterinary records, considering the severity of the
clinical signs, the required treatments and the time of recovery, the type of transport-related issues was
listed in order of increasing severity as follow: injuries, pyrexia, gastrointestinal problems, respiratory
problems, death. Ordinal regression analysis was then conducted to study the association between the
type of transport-related issues (outcome) and the journey duration (<20 h, 21 h–40 h, >40 h), and the
season of the year (winter, autumn, summer, spring) (factors).

3. Results

3.1. Descriptive Statistics

The general demographics of the population of horses studied is shown in Table 2. Horses were
transported for the following reasons: sales-purchase (30%), competition (50%), and breeding (20%).

Table 2. Frequency of the total transported horses by sex, breed and age category.

Variable Category Frequency (%)

Sex

Gelding 35.7
Mare/Filly 49.5

Stallion/Colt 14.8

Breed

Arab 9.6
Quarter horse 8.7
Standardbred 27.5
Thoroughbred 43.0
Warm blood 11.2

Age

Weaning/Foal 11.2
Yearling 12.9
2–5 yrs 34.7
6–10 yrs 27.9
>10 yrs 13.3

120



Animals 2015, 5 1302

Approximately 97 % (1604/1650) of the horses arrived at destination in good health, without any
pain, signs of lameness or other pathology and did not develop any diseases post journey.

Only 2.8% (46/1650) were included in the company dataset for a transport related issue at pre-loading,
in transit, or post-transit (Figure 1). Of the 46 cases, five cases related to pre-loading events, three were
injuries that had occurred before the trip commenced or during transport to the collection stable, and two
were cases of colic identified at the departure stable. Of the remaining cases, two horses were injured
during loading while resisting loading and 4 injuries happened in transit. All the injuries were minor and
the horses were treated topically and continued their journey. Six horses were identified as febrile at rest
stops, and another two were identified as febrile upon arrival. No localising signs were identified in any
of these courses and all were treated with anti-inflammatory medications. Four horses showed signs of
colic at rest stops with another three showing signs of colic post journey. All cases were interpreted as
impaction colic; two resolved without treatment (required only monitoring) and 5 were treated medically.
Enterocolitis was identified in one horse during transport, and in two horses post transport, with all horses
requiring hospitalisation. One horse eliminated a massive quantity of parasites after the anti-parasite
treatment. Five horses developed respiratory signs, including nasal discharge, coughing, and pyrexia
during the journey, and one developed signs after arrival. The veterinary diagnosis was inflammation
of the upper or lower airways, without pneumonia and all cases were treated medically. The specific
diagnosis of pneumonia was made on the basis of signs that developed in four horses during transport,
and in one horse after arrival. All horses recovered after appropriate medical treatment. There were four
transport related deaths, giving an overall death rate of 0.24%. Two occurred during transport, one horse
was found dead within 24 h after transportation, and one was humanely destroyed due to enterocolitis
post transit. Another horse was found dead two days after transport, and it cannot be confirmed that
the death was transport related. Post-mortem examination failed to reveal the cause of death in the four
horses that were found dead. If the horse that was found dead two days after transport is included in the
statistics, the death rate increases to 0.30%.
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Figure 1. Incidence of transport-related issues as reported by the transport company.
The arrow divides issues related to pre-loading from those related to transit and post
transit phase.
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The incidence of the transport-related issues grouped by category is shown in Table 3.

Table 3. Incidence of transportation issues grouped in 5 major categories according to
clinical signs and body system affected.

Category n
Incidence on the Affected

Animals (n = 41)
Incidence on All Transported

Animals (n = 1650)

Injuries 6 15% 0.36%
Pyrexia 8 19% 0.48%
Gastrointestinal problems 11 27% 0.66%
Respiratory problems 11 27% 0.66%
Death 5 12% 0.30%

3.2. Logistic Regression

Univariate logistic regression analysis of horses experiencing transport related health issues showed
no significant effect of sex, breed, or age (Table 4).

Table 4. Results of the univariate logistic regression analysis with development of a
transport-related problem as the outcome (1/0: affected/non affected), with sex, breed,
and age as explanatory variable.

Variable Category Disease Rate
Prediction (%) ˘ s.e Estimate ˘ s.e (%) OR Lower 5% CI Upper 95% CI p Value

Sex
Gelding 7.0 ˘ 1.5 Ref.

0.611Mare/Filly 5.3 ˘ 1.1 ´0.29 ˘ 0.3 0.74 0.39 1.424
Stallion/Colt 7.1 ˘ 2.4 0.02 ˘ 0.4 1.02 0.43 2.403

Breed

Arab 3.3 ˘ 2.2 Ref.

0.187
Quarter horse 5.4 ˘ 3.0 0.14 ˘ 0.7 1.16 0.25 5.217
Standardbred 5.2 ˘ 1.6 0.56 ˘ 0.6 1.75 0.50 6.039
Thoroughbred 9.2 ˘ 1.7 0.72 ˘ 0.6 2.05 0.59 7.141
Warm blood 2.5 ˘ 1.9 0.96 ˘ 0.6 2.61 0.70 9.743

Age

Weaning/Foal 1.8 ˘ 1.0 Ref.

0.523
Yearling 2.1 ˘ 1.0 0.51 ˘ 0.9 1.67 0.26 10.41
2–5 yrs 3.2 ˘ 0.8 ´7.20 ˘ 9.3 0.00 8.12E-12 68858
6–10 yrs 3.8 ˘ 0.9 1.08 ˘ 0.7 2.94 0.67 12.8
>10 yrs 4.8 ˘ 1.5 ´0.10 ˘ 1.0 0.85 0.11 6.246

Standard error (s.e), Odds ratio (OR), Confidence Interval (CI).

3.3. Ordinal Regression Analysis

There was a significant association (p = 0.022) between type of transport related issues and duration
of trip, with a higher probability of a more severe disease after 20 h of transport. Injuries were more
likely to occur in the first 20 h of transport (Figure 2).

Table 5 shows odd ratio and confidence interval for each disease occurring in a journey longer
than 20 h.
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Figure 2. Probability of a more severe transport-related issue to be associated with
journey-duration. Bar charts with different letter have a different distribution of transport-related
issues: a, b: p < 0.05.

Table 5. Estimate, odds ratio (OR) and confidence interval (CI) for each transport-related
problem on a journey longer than 20 h.

Transport-Related Problem Estimate s.e p Value OR Lower 95% CI OR Upper 95% CI OR

Injury - - - - - -
Fever 2.56 1.34 0.057 12.91 0.9271 179.8
Colic 3.19 1.3 0.014 24.37 1.91 311.1

Respiratory 2.93 1.32 0.027 18.69 1.399 249.7
Death 4.54 1.52 0.003 93.49 4.783 1827

Season had a significant effect on the distribution of transport-related issues (p = 0.035), with a higher
probability to have a more severe transport-related issue (gastrointestinal problems, respiratory problems
and death) in spring (Figure 3).
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Figure 3. Probability of a more severe transport-related issue to be associated with season.
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4. Discussion

The present study reports the incidence of transport-related issues and mortality associated with
long-haul equine transport by a commercial equine transport company. An overall incidence of transport
related injuries or disease of 2.8% was observed in this study, which is much lower than has been
reported by horse owners [28,29] and for horses transported to abattoirs for slaughter [21,23]. The data
demonstrates that travelling is a risk to equine health and welfare and a correct management of
transportation is required for moving horse successfully.

The prevalence of injuries identified in the present study (0.36% of horses) was lower than the rate
reported in horses transported to abattoir for slaughter [21,23]. This may reflect differences in the way in
which the transport was managed (i.e., individual calculated space), and in the tractability and transport
experience of the horses. However, it was also lower than the reported by owners during non-commercial
horse transportation [29], which suggests that transport management is a key determinant of the injury
rate. The design of the truck (including the floor, suspension and the height of height of the roof) has
been identified as a risk factor in the development of injuries and transport related diseases in farm
animals [25]. In cattle, the incidence of injuries during long haul transportation has been associated with
the years of experience of the drivers [17], and in horses travelling on non-commercial road transport,
many incidents are related to poor driving skills, particularly on winding country roads [29]. Vehicle
design, road quality and driving that allows horses to keep their balance appears to be important in
minimising injuries.

Two injuries occurred during the loading process due to resistance to boarding the truck. The horses’
fear of being loaded onto the vehicle manifests through various deleterious and dangerous actions and
behaviours (e.g., kicking, rearing) [1]. Handling horses during loading/unloading is therefore considered
to be highly dangerous risk for those handling the transported horse [30]. Thus it is important that
transport procedures are carried out by experienced horse handlers wearing protective equipment, such
as, capped boots and gloves, to minimize the risk of injuries to the horse and the handler during the
loading and unloading phase of equine transport.

The body systems most commonly affected by transport are the respiratory and the gastrointestinal
systems, and a common clinical sign associated with inflammation to these systems is pyrexia [5].
Pyrexia affected 0.48% of all transported horses in this study. Since early identification of pyrexia
prompts investigation and implementation of appropriate therapy and recovery, checking temperature
during and after long trips should be seen as best practice when dealing with the transported horse and
has been recommended previously [31,32].

Transportation has been associated with the development of airway inflammation and equine
pleuro-pneumonia [12]. Poor ventilation inside the truck, forced high head position, and dehydration
have been identified as predisposition factors in the development of respiratory diseases associated with
transport [3]. The horses in the current study travelled in a vehicle equipped with a forced ventilation
system, which should assure good air quality and a comfortable temperature inside the trailer, but
horses were not allowed to lower their head beyond the height of the wither. In our study 0.66% of all
transported horses developed respiratory problems, and only five developed pneumonia. This rate is less
than expected [28], potentially reflecting the importance of a good ventilation system in the transport
vehicle. However, there is no evidence to suggest that good ventilation alleviates the need to provide
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correct watering [33], to minimise the duration of confinement with the head elevated, or to maximize
the time available for the horse to physically clear its respiratory tract [34].

Transportation may increase the likelihood of colic for several reasons [35]. Firstly during a stressful
situation, preferential perfusion of the brain and the muscles may reduce visceral perfusions (flight and
fight response) [8]. Additionally, dehydration during transportation can reduce vascular perfusion of
the gut, potentially inducing impaction of the colon [11]. Finally food and water withdrawal, altered
diet and/or eating in an unnatural position on route might create change in the pH and gut flora which
may influence the chance of colitis. In this study, transport associated gastrointestinal problems were
seen in 27% of cases, with enterocolitis seen in 4 out 41 cases, with one requiring euthanasia. Equine
enterocolitis, can manifest in sudden death and be associated with over-proliferation of Salmonella spp,
Clostridium spp and Fusarium spp in the equine gut [36]. Stress is considered an important predisposing
factor for salmonellosis in horses; this pathology has already been associated with transportation,
surgery, feed withdrawal, changes in feed, and antimicrobial and anthelminthic therapy [16]. Avoiding
prolonged feed and water restriction, abrupt diet changes, or overuse of antibiotics and anthelminthics
before, during and after transportation could therefore potentially reduce the incidence of gastrointestinal
transport associated illness.

In this study the mortality rate associated with transport events was 0.24% or 0.30%, which is
somewhat higher than rates reported for cattle in North America (0.01%) [17] and pigs in Europe
(0.07%) [19]. A reason could be that animal transportation is more risky in Australia due to the long
journey duration and the climate; the rate described in this study is indeed in line with mortality rates
observed in cattle transported in Queensland by rail (an overall mortality rate of 0.10%, ranging from
0.44% in bulls to 0.06% in calves) [37], and in bobby calves (>4 days old) transported by road in Victoria
(0.64%) [18]. Thus, moving horses in Australia may require more detailed and specific strategies to cope
with extreme distance and weather.

In the current study, two horses were found dead in transit and two died soon after transportation.
Even after pathological examination the reasons for these deaths were unknown. It is possible that
protracted stress may have contributed to death. Stress is a physiological and endocrionological response
that helps individuals to cope with stressors and to survive. However, when an animal fails to adapt,
the stress response can lead to death [8]. In horses, transport stress is often followed by the stress
of living in unfamiliar environments (e.g., new stall, food, social group), further affecting the horse’s
health. Consequently, offering similar feed and avoid inserting the recent arrival into a new herd could
reduce protracted stress and assist with adaptation to the unfamiliar environment after the journey [1]
and potentially reduce the risk of death after transportation events.

Witnessing a death of any animal can have a negative impact on those who have witnessed it, whether
they are professionals working in the animal or veterinary industry or members of the general public
owning animals [38]. Consequently, minimising equine transport associated mortality rate will have a
positive impact on the wellbeing of horses and the mental wellbeing of those dealing with the transported
horse on a day to day basis.

No significant effect of sex, age, or breed in the development of transport diseases was found,
suggesting that individual horse variability and past experience might be more important in influencing
the ability of the horse to cope with the transport event [39]. Elevated, but not statistically significant,
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prediction rate were seen for males, horses aged over 10 years, and Thoroughbreds, consequently dealing
with these categories of horses may require specific transport management strategies to reduce the
predicted risk of these horses developing transport related complications.

In agreement with Stefancic and Martin [22], although numbers were small, this current study showed
transported related death and respiratory diseases were more likely to occur in spring. This may reflect
abrupt temperature increases at a time when many horses still have winter coats, with consequent,
impaired thermoregulation in transit. Alternatively, animal behaviour and immune system may be
affected by the reproductive hormonal profile of the breeding season [40]. Other factors, such as the
occurrence of viral respiratory tract infections or increased pollen or other allergens might contribute to
increased risk of respiratory disease at this time. Such speculations warrant further research.

The data presented in the current study, confirm the increased risk of mortality and disease in horses
associated with longer transport events, with more severe diseases (e.g., enterocolitis, pleuro-pneumonia)
and death more commonly observed after 20 h of transportation. Horses travelling to abattoirs for
slaughter, were similarly more likely to die after protracted transportation [22]; and in cattle, higher
mortality rates have been associated with trips longer than 36 h in Australia [37], and longer than 30 h
in Canada [17]. Better understanding of the increasing risk of severe transport related diseases and death
with increasing duration of transport may encourage the adoption of more rigorous preventive strategies,
such as a veterinary examination, for horses that are going to be transported for more than 20 h.

The biggest limitation of this study is that the assessment of the horse health before, during and after
journeys was not performed by the authors. Consequently some transport-related problems might have
been missed by the drivers and the owners, and the incidence of the transport-related diseases could be
underestimated. This is particularly likely if horse owners did not associate illness with recent transport,
failed to recognise minor or subclinical disease, or failed to report minor or major illness to the company.
Pleuro-pneumonia and enterocolitis can manifest up to a week after transport [5], and other effects of
transportation stress can take up to one month to manifest after the event [41]. Hence it is possible
that owners or agents may have failed to associate disease with transportation, or may have failed to
detect mild effects on horse health. The data obtained in this current study is also limited by the lack
of environmental parameters measured or recorded during journeys. Extreme hot and cold temperatures
have been identified as risk factors in long haul transportation of farm animals [42]. Notwithstanding
these limitations, this study is the first carried out on horses undertaking this unique multi-day road trip
across one of the harshest continents in the world. It has provided important data for the equine industry
on the incidence of health problems associated with long haul transportation in the horse. Preliminary
evaluation has identified and suggested some predisposing factors associated with transport related health
problems which warrant further evaluation to enhance policy and practices relating to transportation of
the horse.

5. Conclusions

Journey duration and season were identified as risk factors contributing to transport related health
problems in horses undergoing long distance road transportation. Although the trips were well organized
and complied with or exceeded the requirements of the National Code of Practice for the Transportation
of Horses, serious diseases still occurred. Moving horses should be considered as a human-related risk
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to horses and also a horse-related risk to humans [43], so it should be always carried out by professional
and experienced horse handlers and drivers, wearing adequate protective equipment, to reduce the risk
of injuries and diseases in both horses and humans. Further research to confirm preliminary conclusions
based on this data and to recognize other risk factors for the development of equine transport related
issues is needed to assist in improvement of the Australian code of horse transportation.
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Simple Summary: A new web tool for equine activities, InnoHorse, was developed to
support horse stable managers in business, safety, pasture and manure management. The
aim of the safety section of the web tool was to raise awareness of safety issues in daily
horse stable activities. This section contains a safety checklist, stable safety map and good
practices to support human health and horse welfare and to prevent injuries in horse-related
activities. Reviews of the literature and statistics, empirical horse stable case studies, expert
panel workshops and stakeholder interviews were utilized in designing the web tool.

Abstract: Managing a horse stable involves risks, which can have serious consequences for
the stable, employees, clients, visitors and horses. Existing industrial or farm production
risk management tools are not directly applicable to horse stables and they need to be
adapted for use by managers of different types of stables. As a part of the InnoEquine
project, an innovative web tool, InnoHorse, was developed to support horse stable managers
in business, safety, pasture and manure management. A literature review, empirical horse
stable case studies, expert panel workshops and stakeholder interviews were carried out to
support the design. The InnoHorse web tool includes a safety section containing a horse
stable safety map, stable safety checklists, and examples of good practices in stable safety,
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horse handling and rescue planning. This new horse stable safety management tool can also
help in organizing work processes in horse stables in general.

Keywords: horse stable; safety; management; web tool

1. Introduction

The equine sector has grown strongly in recent years in many European countries [1,2]. For example,
the number of horses has almost doubled in Finland during the past thirty years [3]. In Sweden, in turn,
the number of horses per capita is the largest in Europe [1]. The equine sector, with diverse activities,
provides an attractive lifestyle and rewarding experiences, but to be successful, good safety management
skills and practices are needed. A problem is that safety risks and injuries are high in many horse-related
activities. Without awareness of the possible risks and proper knowledge and skills of horsemanship,
people engaged in horse-related activities will be exposed to many safety risks that may have serious
consequences [4–6]. For example, in Finland, approximately 170 injuries occur per year among horse
entrepreneurs and about 300 incidents among persons in other professional sectors working with horses
(such as students, farmers, relief workers, veterinarians) (Figure 1). In other professional sectors, most
of the injuries involve students and stable workers (Figure 2) [6,7].
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Figure 1. Statistics from Farmers Social Insurance Institution, Finland concerning
occupational injuries among equine entrepreneurs in horse-related activities during
1990–2009 [7,8].

Leisure time injury statistics are still largely unknown [6–8]. In Sweden, the exact number of
horse-related injuries is uncertain because of underreporting. Nevertheless, in 2012, nearly 12,900
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persons went to an emergency centre after being injured in riding accidents or other activities related
to horse handling. Nearly nine out of ten injured persons were females and 40% were children younger
than 18 years of age. Injuries were more frequent among girls aged 10 to 19 years compared to other
age groups [9,10]. According to the statistics of the Finnish Farmers’ Social Insurance Institution,
Mela [8,11], almost 35% of human injuries in horse activities have been serious incidents that have
resulted in over 30 days of sick leave.
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Figure 2. Statutory accident insurance (TVL) statistics from Finland concerning the total
numbers of injuries to horse stable workers and other persons related to occupational horse
activities during 2003–2010 [12].

Consequently, good risk management tools and safety practices are needed in the equine business and
horse activities. A project titled InnoEquine financed by the EU Central Baltic programme was carried
out in Finland, Sweden, Latvia and Estonia during 2010–2013. The overall aim of the project was to
enhance the competitiveness of equine entrepreneurs in the Baltic region and to promote sustainable
management in the equine sector. As one of the results of the InnoEquine project, the InnoHorse safety
web tool for horse stables was developed in order to identify new practical solutions for risk and safety
management [7].

2. Data and Methods

The InnoEquine project was carried out jointly by MTT Agrifood Research Finland (presently the
Natural Resources Institute Finland (Luke), the Swedish University of Agricultural Sciences (SLU) and
the Latvian University of Agriculture (LTU). A specific aim of the project was to develop a web tool
providing good practices in environmental, human safety and horse welfare activities for the equine
sector. This paper focuses on the design and development of the safety web tool in the project. The
purpose of this safety web tool was to provide knowledge and practical tools to prevent injury incidents
and occupational diseases in the equine sector.
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The design, methods and processes of the stable safety web tool, as well as the tasks and timetables
are presented in Figure 3 [13]. Basic information related to management activities and safety needs
in horse stables in Finland and Sweden were gathered through a customer survey (N = 1325) [14].
An expert workshop on horse stable safety was held (at MTT) in December 2012 to assist with the
design of the web tool. The workshop identified major risk categories and specific risks associated with
horse stable activities and functions. The participants (n = 10) included horse sector experts, horse farm
managers, farm safety, security, and risk management experts from Finland and Sweden, and Innoequine
project representatives. The workshop utilized existing Farm Risk Map [15] tools and procedures as
the starting point. Participants used a wallpaper technique, writing their ideas on wall notes, based
on their perspectives and experiences. The identified horse stable risks and themes were documented,
photographed, grouped, and arranged under redefined risk categories.
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Figure 3. The design, methods, processes, analysis tasks and timetables for preparing the
InnoHorse safety web tool [13].

Ten case studies on horse farms were analyzed for the safety section both in Finland and in Sweden.
The case farms included enterprises in different size categories and different types of stables. All
interviews were documented.

Information on current legislation, standards, and various horse safety and management guidebooks
was gathered from the participating countries. These data were analyzed and integrated to produce
the background for safety risk identification in horse stable activities. In these cases, we used
broader recommendations based on standards, research, International Labour Organization (ILO)
recommendations or EU directives [7,16]. The comprehensive collection of photos and documentation to
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illustrate good practices was gathered through numerous farm visits, equine fairs and equine companies
in the three participating countries.

In addition, we conducted literature reviews, analyses of insurance claims involving horse injuries,
Internet searches, comparison of various farm safety risk tools, discussions with equine organizations
and stakeholders, and interviews and visits to horse farms. Results from these investigations have been
reported elsewhere [13,16,17].

All collected data were processed in an iterative development cycle and constructive analysis, which
included content analysis and designing the preliminary horse stable safety checklists and risk map.
The iterative development cycle process is a standardized method that uses control stages to analyze
data before going further in the interactive system design process. The process includes stages like
(1) understand and specify context of use; (2) specify user requirements; (3) produce design solutions
to meet these requirements; (4) evaluate design against requirements [18,19]. This method is widely
used in technical and management sciences. Constructive research method is a problem solving method
for construction and testing of models to reach a certain objective in a system or context [20]. The
final content of the safety web tool was tested during 2013 prior to making it public online (Figure 3).
Feedback and data from the safety web tool were gathered by case farmer phone interviews and by the
email. The final content was edited by MTT for the InnoHorse web site in English and Finnish and
thereafter also translated into Swedish and Latvian [7,16].

3. Results and Discussion

3.1. The Innohorse Web Tool

In this project, the new InnoHorse web tool was designed to assist in horse stable management
practices. The web tool was published by the National Equine Competence Association of Finland
(Hippolis). The InnoHorse web site includes management tools for horse stable activities such as safety,
manure, pasture, and innovation management. The web tool has been published in English, Finnish,
Swedish and Latvian. The layout and information are the same in the different language versions but
with minor country-specific differences [7].

All major areas of the web tool include an introduction section followed by good practices applied
to the particular horse stable management sections. The horse stable safety management section in
InnoHorse provides safety information, safety checklists, safety management practices and a horse stable
safety map, which is presented in Figure 4. All tools were designed to improve health, reduce safety risks
and prevent injuries among horse stable workers, stable managers, clients, visitors and horses.

3.2. Safety Section of the Web Tool

The section on safety provides information for horse stable managers in the Baltic Sea region related
to various aspects of safety and health management. The web pages of the InnoHorse safety section
include a stable safety checklists, one-page horse stable safety map, and examples of good practices for
stable safety, horse handling and rescue planning.

The safety web site content begins by introducing injury statistics, mainly in Finland, and the
characteristics of horse-related injuries in the equine sector. In Finland, injury statistics for all farm
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owners, including horse farm owners, are maintained by the Farmers’ Social Insurance Institution (Mela).
Statistics on horse-related injuries in the other participating project member countries are scarce. The
Finnish statistics indicate that the risk of injuries is nearly three times higher on horse farms compared
to grain farms [8].
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3.3. Safety Checklists and the Horse Stable Safety Map

Systematic risk checklists are practical self-assessment tools for identifying and managing risks in
various tasks [15,21,22]. Based on the findings and information from statistics, the stable safety expert
workshop, horse farmer interviews and literature search, we developed a stable safety checklist, which
addresses potential safety issues in walkways and corridors, built facilities, work ergonomics, equipment
and machinery (Figure 4). Personal protective equipment (PPE), fire safety and rescue planning,
employee and client safety, as well as some other safety issues such as the transportation of horses
and horsemanship skills were also included. The questions in the safety checklists enable the screening
of possible risk sources or factors with the potential to cause injuries in and around the stable facilities
and around horses. The respondents were asked to estimate whether particular working conditions or
activities in a stable were in order. The checklist also includes some guidance or recommendations for
reducing potential safety risks. The differences between countries or regions in legislation and safety
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activities pose a challenge in integrating risk management information in a single safety tool. The horse
stable safety map introduces the content of the safety web tool as a one page figure (Figure 4). The
idea is the same as in the Farm Risk Map, which was previously designed in Finland by MTT and the
Technical Research Centre of Finland (VTT) [15].

3.4. Good Practices

The section on safety management introduces good practices for persons working or visiting horse
stables and riding facilities. According to Mela statistics, a large number of injuries and accidents occur
when moving and transporting horses (Figure 1). This is why it is important to have spacious and well-lit
corridors with sufficiently wide doorways and sliding stable doors for safe passage with the horse, as
well as good ventilation and natural light used together with electric lighting to provide a good work
environment for horses and people (Figure 5). The Good Practices section was designed in line with the
safety checklist questions, providing further information on stable safety management activities. The
section contains information, practical tools, illustrative photos and figures, and examples of good safety
practices for horse stable safety management. Overall, practical and efficient stable safety tools can be
useful management aids for horse stables.
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Figure 5. Spacious and bright corridors are important. An example of good safety
management practice in horse facilities presented in the InnoHorse web tool. © Christina
Lunner Kolstrup.

The stable safety management section in the InnoHorse web tool presents practices and guidelines
including safety aspects related to stable work, ergonomics, buildings, equipment and machinery use;
all important safety factors in the stable work environment. Musculoskeletal disorders and ergonomic
problems are very common in horse stables [23]. For example, traditional hand tools are not always
adapted for the users, which increases the risk of musculoskeletal disorders in the upper extremities and
lower back. Bent shafts in some hand tools help create a more upright posture for the back (Figure 6).
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Good handles provide better grip and lightweight tools reduce the workload. Ergonomic tools reduce
the workload and the risk of upper limb and lower back musculoskeletal problems. The cleaning of
stalls, manure transport and feeding of horses are typical routines. They are time consuming as well as
physically demanding work tasks in a stable that require special attention. Feeding and the handling
of feeds takes about five to seven minutes per horse per day, and the cleaning of stalls (mucking,
replacement of bedding materials) takes approximately 10 minutes per horse daily if no machinery is
used [24,25]. Good working clothes, proper equipment and the use of personal protective equipment
(PPE), combined with good working conditions, form a good basis for an improved safety culture in
horse stables.
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3.5. Case Study Interviews

The horse stable safety map content was tested with the case farmers. All case farmers were also horse
stable managers. The case farmers thought that the horse stable safety map was a comprehensive safety
management list for the stable management. They could not find any missing safety management areas
that should be added to the horse stable safety map. The structure of the map worked well also during
the actual stable visit and stable safety check. It is possible that the case farmers were more interested
in safety management than stable managers on average. Their stables were in good condition and well
managed. Yet some minor shortcomings were found in almost all stables during the safety check. Most
of the shortcomings concerned slippery areas (winter time) on corridors, uneven walkways, lack of lights
in the stable and the stable yard, and the farmer’s own welfare. After the safety check the case farmers
made several safety improvements in their stable and safety management practices. They had started to
use rubber mats on the corridors, improve lighting and ergonomics in the stalls, and they started to think
more about their own welfare. They tried to find free time to rest or have a vacation.

According to the interviewed horse stable managers, the most challenging task is to improve people’s
safety skills and to get them to behave in a safe manner. Thus, the web tool includes management
information on activities such as fire safety and rescue skills, customer and worker safety management,
and other behavioral safety issues such as examples of good horsemanship and the importance of rules
in stable safety. It is known that poor safety habits are easy to adopt in organizations, so an initial
and essential management task is to show and train workers in safe working habits and communicate
why safety is important [26]. Thus, the implementation of good safety practices needs to be easy and
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understandable, and every worker needs to be trained beginning from the first day in a stable. The stable
manager’s own self-commitment to safe behavior in stable work is also important as a role model for
employees and consumers.

4. Conclusions

The differences between countries in legislation and safety activities pose a challenge in designing
safety or environmental management guidelines. For this reason, some recommendations are provided
on a general level. However, some standards, research studies or directives may help stable managers in
acquiring more practical information. Another challenge is human safety behaviour in the horse stable
environment. Without good management, poor safety habits may spread in the organization. Thus, the
application of good safety practices needs to be as easy as possible and every worker needs to be trained
beginning from the first day in the stable. The stable manager’s own commitment to safe behaviour in
stable work is also important.

The InnoHorse safety web tool aims to help in organizing and managing safety activities in horse
stables and facilities. This tool provides a practical context model for identifying risks in horse stable
activities. It contains physical and behavioral risks, which are listed in a compact horse stable safety map.
This holistic approach provides a new comprehensive model for risk identification and risk management
for the equine sector. The horse stable safety map and other safety check tools in the Innohorse web
tool may not solve all the safety problems in horse stables, but hopefully they help some horse stable
managers to improve their stable safety management. It is intended to provide tools for the equine sector
to inspire, motivate and encourage people to act and behave more safely around horses in order to prevent
horse-related injuries.
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Simple Summary: This paper documents the dynamics of Australian thoroughbred jump
racing in the 2012, 2013, and 2014 seasons with the aim of informing debate about risks to
horses and the future of this activity. We conclude that the safety of Australian jump racing
has improved in recent years but that steeplechases are considerably riskier for horses than
hurdle races.

Abstract: Thoroughbred jump racing sits in the spotlight of contemporary welfare and
ethical debates about horse racing. In Australia, jump racing comprises hurdle and
steeplechase races and has ceased in all but two states, Victoria and South Australia.
This paper documents the size, geography, composition, and dynamics of Australian jump
racing for the 2012, 2013, and 2014 seasons with a focus on debate about risks to horses.
We found that the majority of Australian jump racing is regional, based in Victoria, and
involves a small group of experienced trainers and jockeys. Australian jump horses are on
average 6.4 years of age. The jump career of the majority of horses involves participating
in three or less hurdle races and over one season. Almost one quarter of Australian jump
horses race only once. There were ten horse fatalities in races over the study period, with
an overall fatality rate of 5.1 fatalities per 1000 horses starting in a jump race (0.51%).
There was significant disparity between the fatality rate for hurdles, 0.75 fatalities per 1000
starts (0.075%) and steeplechases, 14 fatalities per 1000 starts (1.4%). Safety initiatives
introduced by regulators in 2010 appear to have significantly decreased risks to horses in
hurdles but have had little or no effect in steeplechases. Our discussion considers these
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data in light of public controversy, political debate, and industry regulation related to jump
horse safety.

Keywords: thoroughbred; horse-racing; steeplechase; hurdles; risk; safety; animal-human
relationships; media; public debate

1. Introduction

Thoroughbred jump racing sits in the spotlight of contemporary welfare and ethical debates about
horse racing [1,2]. This activity encompasses hurdling, steeplechasing, point-to-point, and mountain
racing and is controversial primarily because it involves higher risk of accident or fatality to both
horse and rider compared with flat racing [3–5]. Debates about jump racing have been played out
via mass media [6,7] and have relevance in ongoing cultural renegotiation of the meanings, norms,
and governance of human-animal relationships in modern societies [8,9]. These debates fuse questions
about defensible human-animal relations with those about the conduct of human entertainment, sport,
and gambling [10]. In particular, falls and fatalities in jump racing are widely reported in the media and
result in negative public opinion and criticism of racing and of the racing industry’s approach to equine
welfare [2]. Arguably, public concern about horse welfare has contributed to the decline of jump racing
in many parts of the world, although economic factors have also been significant [11,12]. Jump racing
continues, however, in 18 countries across four continents [11]. While jump racing comprises only a
small proportion of horse races and related gambling turnover and prize money, this activity has political,
cultural, and economic importance in particular countries, regions and towns [2,11].

Australia provides an important context in which to explore the decline and resilience of jump racing
(where it is commonly known as jumps racing). Jump racing is no longer conducted in four of Australia’s
six states. However, hurdles and steeplechases remain a feature of thoroughbred racing in Victoria
and, to a lesser extent, South Australia. Total annual prize money in Australian jump racing is around
$2.7 million (Australian dollars used throughout), with average prize money per race equivalent to that
of flat racing [13]. Australian jump racing is a familiar and divisive subject of passionate advocacy
and critique in conventional and social media and has been a notable electoral issue in Victorian and
South Australian state politics over the past decade [14,15]. In addition to criticism from established
animal welfare organisations, such as the Humane Society and Royal Society for the Prevention of
Cruelty to Animals (RSPCA), Australian jump racing has been the focus of protest, activism, and
lobbying including from groups with a sole focus on horseracing, such as the Coalition for the Protection
of Racehorses.

Table 1 outlines key features of Australian jump racing. Australian jump racing occurs in regional, as
well as metropolitan settings in autumn and winter when tracks are softer. Thoroughbreds are specifically
bred for jump racing in some countries, but not in Australia where jump horses are drawn from the
flat racing population. Australian jump racing is conducted under state-based Local Rules of Racing.
There are some differences between the two states: for example, the minimum distance of a hurdle
race in South Australia is 2800 m and in Victoria it is 3200 m. In both states, the hurdles in a hurdle
race are a maximum of one metre high with horses carrying a minimum weight of 64 kg (jockey and

144



Animals 2015, 5 1074

saddle, plus handicap weight). In a steeplechase, horses jump over fences which are at least 1.15 m high.
Hurdle races usually involve fewer jumps over shorter distances than steeplechases. In Australia, horses
must undergo qualifying trials to be eligible to compete in a hurdle race. Horses may then progress
through a sequence from maiden to novice to open hurdle races, before then being eligible to qualify for
steeplechase races [16,17].

Table 1. Key features of Australian jump racing.

Locations of races Restricted to 15 South Australia and Victorian race courses, predominantly non-Metropolitan.
Type of races Two thirds hurdle races, one-third steeplechases.

Regulatory bodies
Administered under state-based Local Rules of Racing by Thoroughbred Racing South
Australia (TRSA) and Racing Victoria (RVL).

Industry bodies Australian Jumping Racing Association (AJRA).

Race regulations
Specify minimum weight (64 kg); course condition rating; height, number and placement of
obstacles; maximum field size; use of whips; horse boots; etc.

Industry review Seven safety performance reviews by regulatory bodies since 1994.

Race review

In addition to the TRSA and VRL Stewards Committee review, TRSA and VRL Jump
Review Panels review each horse’s jump at each obstacle in each race and may refer horse or
jockey to undergo further training. The Panel includes a former jump jockey who can provide
individual coaching if needed.

Qualification

Horses, trainers and jockeys must undergo qualification training and trials, overseen by VRL
and TRSA, in order to compete in a maiden hurdle race. Horses that progress to open hurdle
races are then eligible to qualify for steeplechase races. Mandatory trainer and jockey skills
workshops held annually.

Veterinary inspections Of each horse, before and after each race.
Race season March to September. Races are scheduled at approximately fortnightly intervals.
Number of races Less than 100 per season.

Horses
Thoroughbreds, drawn from flat racing population, must be at least three years old, and may
race in both flat and jump races during the jump race season.

Tracks Left handed turf tracks, no steep downhill runs to finishing-lines.

Race field
Field sizes are small, with less than 8 horses on average in a race. Low fields are not
uncommon (<5 starters).

Race start Starting gates used at commencement of races.
Race speed Races are run on slow tracks (heavy conditions), with heavier weights carried (>64 kg).
Hurdle obstacles Hurdles are padded panels, maximum 1 metre in height, with standardised design.

Steeple obstacles
Steeples are a mix of brush top panels and live hedges not less than 1.15 m in height,
depending on race course, with height and width specified by regulator. No water jumps
or drops.

During the 2008 and 2009 Australian jump racing seasons, the highly visible deaths of 14 horses
in jump races across Victoria and South Australia inflamed criticism by welfare and activist groups,
heightened public concern and prompted the prospect of its banning in Victoria [18–20]. In late 2008,
a group of activist organisations led by Animals Australia presented a submission to the Victorian
parliament calling for a ban on jump racing [21]. Their submission reported that 13.1 out of every
1000 horses (1.31%) starting in a jump race (hereafter referred to as “starts”) died [21]. Their submission
also summarised longer term fatality rates from 1989 to 2004 based on a 2006 study in the Equine
Veterinary Journal documenting the risk of a fatality in Australian jump racing as almost 19 times
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that in flat racing [22]. This study found that catastrophic limb failure, the predominant cause of
horseracing deaths, was approximately 18 times greater for Australian jump racing than flat racing,
with cranial or vertebral injury 120 times greater and sudden death 3.5 times greater [22]. Following a
further eight deaths in the 2009 jump racing season, Racing Victoria (RVL), the principal authority
governing thoroughbred racing in Victoria, commissioned a review of jump racing. The fall and fatality
rates for the 2009 season were reported by this review as being 50.8 per 1000 starts and 12.7 per
1000 starts, respectively, the highest recorded during the 2005 to 2009 seasons [23]. These results
were despite six previous reviews of horse and jockey safety in Australian jump racing since 1994,
with the recommendations of the last of these, the 2008 Jones Report, implemented prior to the 2009
season [21,23]. In November 2009, following their latest review, RVL announced a two year transition
plan to phase out jump racing after 2010. However, in January 2010, RVL handed jump racing a tentative
reprieve, allowing the sport to continue in 2010 subject to stringent safety conditions and standards
including a reduction in fatality rate to approximately half of that for 2009 (i.e., 6.5 per 1000 starts) and
a reduction in fall rate to 30 per 1000 starts [24]. The RVL Chairman warned that if the new conditions
were not met, jump racing would cease.

In September 2010, following an improvement in the safety of hurdle racing, RVL gave hurdle
racing the go ahead for a three year program subject to meeting a key performance indicator (KPI)
of a horse fatality rate of not more than 6.5 deaths per 1000 starts (0.65%), measured as a rolling three
year average [25]. At the same time, RVL declared the performance of steeplechasing unsatisfactory
and requested further measures to improve its safety [25]. However, in October 2010, without the
introduction of further measures, RVL agreed to a steeplechase program for 2011, and determined that
its future beyond 2011 be subject to a fatality KPI of 6.5 deaths per 1000 starts (0.65%), measured as
a rolling two year average [26]. These performance targets were accompanied by a raft of measures
to improve horse and rider safety, including the ability of a jockey to withdraw a horse during a race
because it is fatigued and out of contention and a danger to itself or the jockey. These initiatives were
closely followed in November 2010 by a change of government in Victoria that saw a vocal advocate
of jump racing, Dr. Denis Napthine, a veterinarian, installed as Premier and Minister of Racing [27].
With government support, the period 2011 to 2014 saw jump racing authorities in Victoria increase prize
money and invest in jump race safety and training infrastructure improvements. By November 2011,
RVL discontinued the safety KPIs on the basis that both hurdling and steeplechasing had met their KPIs
relating to fatalities for the past two years, undertaking to monitor the safety performance of jump racing
on an ongoing basis and to undertake reviews as required [28].

In the context of industry efforts to address concerns about risks to horses in Australian jump racing,
advocates argue that horses love to race and jump, that jump racing extends a horse’s career and that
many of these animals would be slaughtered if not for jump racing [29,30]. Opponents such as the
RSPCA argue that horses have evolved to avoid rather than jump obstacles, that the heightened prospect
of injury or death to jump horses is an unacceptable focus of human entertainment, and that the risk
of being injured or killed in jump racing is not an acceptable alternative to the slaughterhouse [31–34].
The Humane Society describes jump racing as institutionalised cruelty [35].

Recent debate about Australian jump racing has taken place in the absence of sufficient robust
or current data, with opponents continuing to rely on Boden et al.’s 2006 study [32,34–36].
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The composition and dynamics of the cohorts of jockeys, trainers and horses involved in Australian
jump racing, the ages and career trajectories of jump horses, the geography of this activity, and
annual changes in activity have not been reliably documented nor related to data about horse safety.
In response, this paper compiles, synthesises, and analyses data collected by Racing Australia (RA,
formerly Racing Information Services Australia), for the 2012, 2013, and 2014 jump race seasons in
Victoria and South Australia. In addition to informing public and policy debate, the paper contributes to
international understanding of the dynamics of Australian jump racing in the context of changes in the
horse racing industry more generally, including changing attitudes on questions about the use of animals
in public entertainment.

2. Methodology

Jump race data (hurdle and steeplechase) were obtained from RA for the 2012, 2013, and 2014 racing
seasons from the Results area of the RA website. Although publicly available, these data are recorded on
a race-by-race basis and are not aggregated, nor are composite trends identified. Data retrieved included;
race name, location, date, time, distance and course condition rating, as well the name of each horse,
jockey, and trainer involved in each race. Seasonal data on total starts for the period 2007 to 2010 were
obtained from the Australian Racing Fact Book. Every thoroughbred race in Australia is reviewed by an
official Stewards Panel which monitors racing conduct and injuries to horses. For jump races, a Jump
Review Panel (JRP) subsequently reviews how well each horse jumped each obstacle. Stewards’ reports
were obtained from RA and JRP reports from RVL. Although a similar panel reviews South Australian
jump races these reports are not publicly available.

Data were entered into a Microsoft Excel TM (2013) database and ordered in the form of a “start”,
or an individual horse leaving a starting gate in a jump race. Data were organised by racing season,
which extends from March to September of a calendar year. Annual data thus relate to a single jump
race season, except for data in Figure 4 which has been standardised to an annual racing year (1 July
to 30 June) to allow for comparison with datasets from other studies. Horses listed in a jump race may
be “scratched” before a race due to a variety of reasons, for example, disqualification by a veterinarian.
Scratched horses are not included in the database. The database records individual horse performances
and race placings and lists intra-race incidents in each race from the official Stewards reports, including,
falls, run outs, lost rider, brought down, and failed to finish (a term used in official race reports to describe
a horse withdrawn during a race at the discretion of the jockey). Jump Review Panel Reports about
horse performance at each jump were matched to the official Stewards Reports for each horse, including
details of fatal falls and other race incidents. Our database therefore provides a comprehensive picture
of individual horse performances as well as a means to aggregate Australian jump race information over
the study period. Our initial purpose was to uniquely identify jump horses, their trainers, and jockeys
in order to describe the size, scope, and location of Australian jump racing and risks to horses over
this period.

Starts were summed by horse by the state they raced in. The number of individual horses participating
over this period was calculated by aggregating starts against horses’ names and uniquely identifying each
horse based on the RA horse search. The home state of each horse and trainer was identified by matching
horses to trainers and identifying the trainer’s place of residence from the addresses shown for official
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qualified trainers. The information generated included starts per state, as well as the number of starts
by each trainer. Our analysis also identified horses that only raced in hurdles, horses that competed in
hurdles and steeplechases, and those who competed only in steeplechases.

Horse falls and fatality rates were calculated by dividing the number of falls and fatalities by the total
number of starts in all races, for each season and in the overall sample. Only race fatalities were included
in the analysis; training and trial fatalities were not considered. The average number of starts in each race
was calculated by dividing the total number of jump race starts by the total number of races. A trainer
operating both in a partnership and also in their own name was counted as two separate entries.

3. Results

3.1. Location of Australian Jump Racing

The study encompassed 257 jump races, comprising 171 hurdle races and 86 steeplechases, conducted
in Victoria and South Australia over the 2012, 2013, and 2014 jump race seasons. This represents less
than 1.5% of total thoroughbred races in South Australia and Victoria over this period [37]. The majority
of jump races (67%) were held in Victoria. Only 15 of the 386 racing clubs in Australia conducted jump
racing; five in South Australia and 10 in Victoria [37]. The distribution of clubs is shown in Figure 1.
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Figure 1. Location of Australian jump racing clubs, South Australia and Victoria.
Clubs hosting jump races over the period 2012 to 2014.

Australian jump racing is concentrated in western Victorian country (rural) racing clubs (Figure 1).
Warrnambool Racing Club hosted 28.4% of jump races over the study period, more than any other
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location, providing the hub for the Australian jump racing industry. The Warrnambool Racing Club’s
May carnival attracts around 30,000 people and includes Australia’s longest jump race, the Grand Annual
Steeplechase (total prize money t.p.m. $250,000), over 5.5 km and 33 jumps (4). Only two metropolitan
clubs held jump races, although they accounted for 26% of races over the study period. The South
Australian Jockey Club at Morphettville, Adelaide, held 44% of South Australian jump races, and 10.1%
of all jump races. The Melbourne Racing Club at Sandown, Melbourne, hosted 21.2% of Victoria’s jump
races, and 16.3% of all jump races, including the Grand National Hurdle (t.p.m. $200,000) and Grand
National Steeple (t.p.m. $250,000).

3.2. Participants in Australian Jump Racing

3.2.1. Horses

Over the 2012, 2013, and 2014 seasons, 438 individual horses participated in 1970 jump race starts.
In keeping with the proportion of hurdle to steeplechase races, over two thirds of jump horses (302, 69%)
competed only in hurdle races; just under one quarter (99, 23%) competed in both forms of Australian
jump racing; and 37 (8%) competed only in steeplechases.

Figure 2 shows the number of starts per horse over the study period. More than half of horses (55%)
competed three times or less, with almost one quarter (22%) competing in only one race. Another quarter
raced between four and 10 times. Less than 10% of horses competed more than 10 times, with one horse
racing 32 times. The median number of starts per horse was three, the first quartile was two starts and
the fourth quartile was six starts. The range was one to 32 starts.
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Figure 2. Proportion of horses (%) by number of starts per horse over the 2012, 2013, and
2014 seasons, South Australia and Victoria combined.

Annual turnover in the jump horse cohort was analysed by identifying individual horses that ran in
two of the three race seasons, either in successive seasons or in 2012 and 2014, or in all three seasons
(Table 2). Of the 2012 jump horse cohort, 37% raced in 2013 and 21% raced in 2014. Only 7% of the
2012 cohort raced in 2014 but not in 2013, and only 14% raced in all three seasons. Of the 2013 cohort,
29% raced in 2014.
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Table 2. Australian jump horse annual turnover from the 2012 to the 2013 and 2014 seasons.

Number of
Horses 2012

Number of
Horses 2013

Number of
Horses 2014

Number of Horses
2012 & 2013

Number of Horses
2012 & 2014

Number of Horses
2012, 2013 & 2014

Number of Horses 2012
& 2014 but not 2013

176 209 195 65 (37%) 40 (21%) 27 (14%) 13 (7%)

Number of horses that jump by season(s) of participation. All % figures indicate a proportion of the 2012 jump
horse cohort. Horses are counted in the cohort of each season in which they competed.

The average age of horses in the sample was 6.4 years, as of 1 March in the seasons in which they
raced in the 2012–2014 time period. Median age was six years, the first quartile median age was five
years and the fourth quartile median age was seven years. (Figure 3). Consistent with the regulatory
requirement that a horse be at least three years old to begin jump training and racing, and the time
required for this training, just eight horses (2%) in our sample were aged three years in their first season
of jump racing. Twenty five horses (7%) were aged 10 years or more. The range was three to 12 years.
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Figure 3. Age profile of jump horses, as a proportion of all horses jumping during the 2012,
2013, and 2014 seasons. The age census date is the beginning of the jump racing season
(1 March) of each calendar year in which a horse competed. The total horse pool is the sum
of the 2012, 2013, and 2014 horse cohorts, and not the number of individual horses over
this period.

3.2.2. Trainers

In 2014, there were 4027 registered race horse trainers in Australia, with 914 in Victoria and 304 in
South Australia (5). Only 145 trainers, less than 4% of the total, started a horse in a jump race between
2012 and 2014 (Table 3). Three quarters (76%) of these trainers were based in Victoria (110), with 31
(21%) based in South Australia, one in New South Wales and three in New Zealand. Victorian trainers
account for the majority of starts in jump racing. A small number of prominent Victorian trainers account
for a disproportionately large share of activity. Table 3 lists the five most prolific trainers in Victoria
and South Australia, who accounted for 34% and 6%, respectively, of jump starts in the study period.
Five trainers (two Victorian, two South Australian, and one New Zealander) accounted for half of the
starts in South Australia, and the majority of horses in South Australian jump races were trained in
Victoria. The most prolific Victorian trainer accounted for 20% of all starts in South Australia.
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Table 3. Trainer participation by location in Australian jump racing, 2012–2014.

Trainer
Rank

Number
of Starts

Proportion of
Total Starts (%)

Proportion of
Victorian Starts (%)

Proportion of South
Australian Starts (%)

Number of
Horses Trained

Victoria
1 231 11.7 9.2 19.9 34
2 136 6.9 7.7 4.4 21
3 135 6.9 7.3 5.5 24
4 89 4.5 5.1 2.8 25
5 79 4.0 4.8 1.5 18
South Australia
1 67 3.5 1.0 12.1 15
2 32 1.6 0.1 6.6 3
3 10 0.5 0.2 1.5 6
4 7 0.3 n/a 1.5 3
5 7 0.3 n/a 1.5 3
New South Wales
1 4 0.4 0.5 0 4
New Zealand
1 33 1.7 0.6 5.2 12
2 3 0.15 n/a 0.4 2
3 1 n/a n/a 0.2 1

Top trainers are ranked by number of starts. Only the 5 top trainers for Victoria and South Australia are listed.

3.2.3. Jockeys

Relative to horses (438) and trainers (145), the cohort of jump jockeys in the study period was small,
at 51. Around 30 jockeys rode in all three Australian jump racing seasons, with the majority moving
frequently between South Australia and Victoria. Ten jockeys accounted for 62.1% of starts, with three
jockeys accounting for 25.3% of starts. The most prolific jockey rode in almost four out of every five
(77%) jump races over this period.

3.3. Horse Falls and Fatalities

Table 4 shows the fall, fatality, and finish rates for jump horses in the study period. The overall fatality
rate was 5.1 per 1000 starts (0.51%). The overall fall rate was 33 per 1000 starts (3.3%). Around 10%
of all jump horse starters were retired before the race finished, falling into the category “failed to finish”.
Other reasons for not completing a race include “lost rider” (i.e., jockey falling off) (1.6%), “brought
down” (i.e., horse brought down by another horse’s fall) (0.35%) and, in one case, “run out” (i.e., horse
jumped out of the race course). Overall, 85% of horses starting a jump race completed the race.

A significant difference in risk profile was evident between steeplechase and hurdle races during the
study period (Table 4). Of 10 horse fatalities, nine occurred in steeplechases, with the single hurdle
fatality occurring on the flat at the start of a race, rather than over a hurdle. This disparity is increased
when the larger proportion of hurdle races is taken into account, with one fatality in 1328 hurdle starts
compared to nine fatalities in 642 steeplechase starts. The fatality rate for steeplechases was 14.0 per
1000 starts, more than double the KPI; and the rate of 0.75 per 1,000 starts for hurdles, was almost an
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order of magnitude below the KPI. This disparity is less marked when considering the rate of falls in
hurdles (29 per 1000 starts) and steeplechases (40 per 1000 starts). However, the proportion of falls that
result in fatalities in steeplechases (35%) is more than an order of magnitude greater than for hurdles
(2.6%), with over one third of steeplechase falls proving fatal.

Table 4. Hurdle and steeplechase horse falls, fatalities and finishes, Victoria and South
Australia, for the 2012, 2013, and 2014 seasons.

Race Type Starts Finishes Deaths Fatality Rate
(Deaths per
1000 Starts)

Falls Fall Rate
(% of Starts)

Fatalities as
Proportion of

Falls (%)

FF
*

BD
**

RO
***

LR
****

Hurdle 1328 1135 1 0.75 39 2.9 2.6 128 7 1 18
Steeplechase 642 537 9 14 26 4.0 35 65 14

Total 1970 1672 10 5.1 65 3.3 15 193 7 1 32

* Failed to Finish (FF): horse withdrawn during race as fatigued and uncompetitive at discretion of jockey;
** Brought Down (BD): horse brought down during race by another horse; *** Run Out (RO): horse leaves
track during race; **** Lost Rider (LR): jockey falls from horse during race.

We compared our study period against longer term trends using publicly available data for Victoria
(comparable data were not available for South Australia). The resulting data (Figure 4) indicate that
annual Victorian fatality rates during the study period are lower than any other consecutive three year
period since 1986. These rates show considerable variability, with the lowest annual fatality rate in our
study period, 5.5 deaths per 1000 starts in 2011–2012 and 2012–2013; the lowest annual rate being
4.1 deaths per 1000 starts (0.41%) in 1999–2000 (and 4.5 deaths per 1000 starts (0.45%) in 1997–1998.Animals 2015, 5 11 
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Figure 4. Horse fatality rates in Victorian jump racing, 1986 to 2015. Source data:
Boden et al. 2006 [22], Australian Racing Fact Book 2013 [37], and the Animals Australia
submission to the Victorian Parliament 2008 [21]. A racing year is defined as the period
1 July to 30 June in the following year. Fatality rates for the period 2011–2014 rates were
estimated by identifying the date of the fatality and aggregating deaths over the racing year.
Data for 2004–2005 and 2005–2006 are average values sourced from the 2008 Animals
Australia submission to Victorian MPs as individual fatalities could not be located for this
period [21].The line represents the moving three year average.
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4. Discussion

Current public debate about Australian jump racing is taking place in the absence of comprehensive
and reliable data and is characterised by competing claims by supporters and opponents. We use the
data presented above to assess a range of contentious issues related to risks to horses in Australian
jump racing.

4.1. Risks to Horses in Hurdles and Steeplechases

There is currently no horse fatality rate target mandated in Australian jump racing [16,28]. However,
our data show that the fatality rate across the 2012, 2013, and 2014 jump racing seasons in Victoria and
South Australia combined, 5.1 deaths per 1000 starts (0.51%), is below the Victorian industry KPI of
6.5 deaths per 1000 starts (0.65%) set in 2010 (and discontinued in 2011). The fatality rate observed
in any one season of the study period is below half of that in the 2008, 2009, and 2011 seasons, and
no more than three quarters of the rate in 2010 (Figure 4). This indicates that, despite the removal of
mandated KPIs, safety initiatives introduced by RVL in 2010, and also adopted by South Australia, have
had some success in reducing fatalities. These initiatives included improving the placement of obstacles,
improving schooling and trialing facilities, and assessing the suitability of venues to conduct steeplechase
races [12,26,28,38]. In particular, our data show that a new rule in 2010, allowing jockeys to retire a horse
during a race if fatigued and out of contention, was invoked for about 10% of starts. Given that fatigued
horses are more likely to pose a risk to themselves, their rider, or other horses, frequent application
of this rule is likely to have been a significant contributor to improved horse and human safety in the
study period [39–41]. Our finding that just 10 jockeys accounted for almost two thirds of jump race
starts in the study period, raises the question also of whether improved safety performance is linked to
the presence of a small, highly-experienced cohort of jump jockeys. Previous research in the United
Kingdom supports jockey experience and consistent pairing of horse and jockey as key variables in
reducing the risk of falls [42,43]. While the pool of Australian jump trainers is almost three times that of
jockeys, this activity is also concentrated within a small, highly-experienced group, with five Victorian
trainers accounting for one third of starts in Victoria and South Australia (Table 3).

To regulators and advocates of Australian jump racing, recent reductions in horse deaths indicate a
laudable and sustainable improvement in horse welfare [44,45]. However, our data also indicate that
horses continue to die in jump races. In addition to the risk of catastrophic injuries associated with
falls over jumps [22,46], it has been suggested that an older horse population and longer race distances
may contribute to a higher intrinsic risk in jump racing, compared to flat racing [47]. To opponents of
Australian jump racing, then, jump racing cannot be run safely or humanely [31–34,48] with unjustifiable
and avoidable horse deaths during jump races each season being predictable; “you are just waiting
for it (a fall) to happen” [33]. Reflecting this, each horse death during the study period attracted
media attention, with activist groups calling for an immediate ban on Australian jump racing, raising
petitions and stating their intention to mount public protests at every jump race trial and race meeting
in Victoria [48,49]. Horse injury and death in training and trials were not included in industry reporting
of Australian jump racing fatality rates in our study period. A complete picture of horse fatalities
in Australian jump racing would need to include training and trials as well as races. In 2015, RVL
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strengthened their Local Rules of Racing to require the death of a horse in training (including trials)
to be reported by the trainer [17]. While our data show that industry responses to concern about horse
welfare in Australian jump racing have reduced risks over the period 2012–2014, considering hurdle and
steeplechase races separately reveals a disparity rarely raised in debate about Australian jump racing.
No horse died while jumping a hurdle in a race in the study period, despite the fact that there were
39 falls during hurdle races. The rate of 0.75 fatalities per 1000 starts for the study period is considerably
lower than that previously documented for hurdle races (6.3 fatalities per 1000 starts), suggesting that
the current design and placing of hurdles is effective in reducing risks to horses during falls [22].
Steeplechase races, however, were riskier for horses, with nine of 26 falls over fences resulting in a
fatality, despite the introduction of significant safety measures prior to the study period. The steeplechase
fatality rate in the study period of 14.0 fatalities per 1000 starts (1.40%) is comparable to that documented
by Bailey et al. of 14.3 [50], and higher than that documented by Bourke of 11.0 [51]. While the
higher obstacles of steeplechases are likely to contribute to increased fall rates, the presence of more
obstacles over longer distances, compared to hurdle races, enhances the risks of the onset of fatigue and
the related risks of falling. In the United Kingdom, the risks of falling and/or injury were associated with
greater race speed [40,41,46,52], race distance [53], fence type and location [40,41,53], going or track
condition [54], number of runners [53,54], and experience of the horse [40] or jockey [41,54]. Fall risk
increased in races with over thirty runners [42,43], greater race speed, especially in the second half of the
race, races run at a faster pace [39–41,53] and longer races [42]. Over 90% of falls in UK jump racing
were associated with horses colliding with an obstacle [40].

While steeplechases comprised only one third of jump races during the study period, and around
30 races in any one season, each of the 10 horse deaths occasioned in these races generated considerable
negative media attention, energised anti-racing activists, and increased political pressure on the
thoroughbred racing industry more generally [31–34]. However neither the RSPCA (South Australia
and Victoria) nor the Coalition for the Protection of Racehorses distinguish between the inherent risk
of hurdle races and steeplechases. While the Coalition for the Protection of Racehorses drew attention
to a peak in hurdle deaths in 2009, they continue to combine data for steeplechase and hurdles in their
critique, claiming that the statistics are so variable from year to year that there is no clear cut answer to
whether or not steeplechases are riskier than hurdle races [33].

Supporters of Australian jump racing have not sought to respond to negative publicity about jump
racing by drawing attention to the recent improved safety record of hurdle racing, the dominant form of
Australian jump racing. The lack of any fatality over a hurdle in the study period, and an overall hurdle
race fatality rate close to that of flat racing could potentially be used to question the assumption of critics
that jump racing is inevitably far riskier than flat racing. Certainly, steeplechase races are among the most
prestigious in Australian jump racing and include the two most lucrative jump races (in terms of prize
money), with the average prize pool of steeplechases and hurdles in 2015 in Victoria being $64,000
and $35,000, respectively [29]. In the context of the status of steeplechase racing in Australian jump
racing, future research to understand why safety interventions that appear to have successfully decreased
the risk of hurdle races have not realised a similar reduction in risk for steeplechases seems warranted.
In particular, the risk associated with specific race tracks is an area worthy of further study given the
work of Williams et al. (2013) about risk factors for falls and fatalities associated with individual race
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courses [4,5,39]. Objective risk analysis and better understanding of sources of risk that result in falls and
fatalities may ultimately result in better targeted risk mitigation strategies with a consequent reduction in
falls, injuries and fatalities to both horses and jockeys [55]. A multi-disciplinary agenda for research that
could reduce accident, injury, and death through risk mitigation strategies, as suggested by Thompson,
McGreevy, and McManus, appears warranted [56].

Conflicting perceptions of acceptable risk, and the diverse value-judgments on which these may be
based, are at the heart of debate about Australian jump racing. Typically those horse sports where there
is a higher risk of injury or death to the horse, for example, bull fighting, rodeo, chuck wagon racing, and
the cross country component of eventing, attract adverse media commentary, controversy, and public
debate about horse deaths and the use of horses for public entertainment [6,57–59]. Horse deaths in
jump races are highly public and often involve spectacular falls, providing activist groups with graphic
photographs. The widespread use of such images on social media increases the visibility and awareness
of the risks of Australian jump racing. Increased visibility is an advantage in promoting improved welfare
outcomes, and a larger volume of protective legislation is generated in the case of animals with a high
level of visibility. As O’Sullivan argues, “the community needs to know and like an animal for that
animal to have a chance of receiving effective legal protection” [60]. Equally, the highly public and
inherent risk involved in Australian jump racing may well be integral to the attraction this activity holds
to those who view it as “the thrill of the chase” and an entertainment comprised of courageous horses,
hardened trainers, fearless riders, and controlled danger in “the greatest show on earth” [61,62] .

4.2. Does Jump Racing Extend a Horse’s Racing Career?

Unlike those in the UK and Ireland, Australian jump horses are not selectively bred for jumping, and
are usually former flat racing horses bred to run longer distances. The progression from flat to jump
racing in Australia is the basis of claims from advocates that jump racing extends a horse’s racing career,
giving them “a new lease on life”; not just by extending their tenure within the industry, but also by
renewing a horse’s desire for racing [63,64]. In Australia, rules of racing mandate that a horse has to
be at least three years old before it can commence jumping. Given the requirements to qualify a horse
to jump, it is likely that the majority of Australian jump horses will be at least four years old before
racing over obstacles. Our data show the median age of jump horses is six years, with a range of three to
13 years and almost one quarter aged eight and above (Figure 3).

The anti-jump racing organisation, the Coalition for the Protection of Racehorses, has argued that
Australian race horses are separated from their mothers at about six months of age to commence
preparation for sale and training and have an “average career of . . . less than three years,” after which
“the majority will be killed” [33,34]. If this claim has merit, our finding that the median age of a jump
horse is six years, with almost one quarter aged eight and above, indicates that Australian jump racing
may well significantly extend the tenure of some horses within the racing industry. Given that jump
racing accounted for only 1.5% of all thoroughbred racing in Victoria and South Australia the study
period, this career option will be offered only to a small minority of race horses.

Our data about the age profile of jump horses needs to be understood, however, in the context of a
high rate of annual turnover in the jump horse cohort. Despite the investment in training and qualifying
a jump horse, 55% of horses started in three or fewer races across the 2012, 2013, and 2014 seasons,
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with 22% starting in only one race (Table 2). Only 37% of the 2012 cohort jumped in 2013, while
only 29% of the 2013 cohort raced in 2014. Less than 5% of the 2012 cohort participated in all three
seasons. The career of the majority of jump horses thus involves a small number of hurdle races in
a single season of racing. This finding is consistent with the pattern of jump racing in New Zealand
where jump horses have fewer starts than flat racing thoroughbred horses and represent an older horse
population [65]. Many flat racing careers are also of limited duration and may also consist of a limited
number of starts [66]. This suggests that any career extension enabled by Australian jump racing is short
lived for the majority of horses. It also suggests that, given a median jump horse age of six years, the
flat careers of jump horses either started later or progressed for longer than claimed by Coalition for the
Protection of Racehorses. It is also clear that Australian jump racing is sustained by high levels of new
horse entries each season. This high rate of turnover raises questions about horse pathways in and out of
Australian jump racing. These questions are relevant to public debate about the drivers of horse breeding
in Australian racing [11,67].

4.3. The Future of Jump Racing

Much opposition to Australian jump racing has called for the abolition of this activity, a prospect
that seemed imminent in Victoria in 2010 [20]. In response to these calls, many advocates point to the
vital role of jump racing within the Australian racing industry as a whole and within specific regional
economies and cultural identities [7,45,68,69]. Recent media commentary suggests that Australian jump
racing has enjoyed a resurgence following the election of the pro-jump Napthine State Government
in 2011 [45,69]. Our study shows no evidence of either significant decline or significant growth in
Australian jump racing over the period 2012 to 2014. However, in 2015, the South Australian Jockey
Club expressed a wish to phase out jump racing at Morphettville. The Minster for Racing, Leon Bignell,
stated his desire to end the activity; a parliamentary committee has been set up to investigate the future
for jump racing; and a member of State Parliament, the Greens MLA, Tammy Franks, has introduced a
bill to ban the activity [14,70].

The extent of public controversy about Australian jump racing might suggest that this activity is
widespread and substantial. Our data, however, indicates that geographically, and in terms of the human
participant base, this activity is highly concentrated. Three race tracks—Morphettville (Adelaide),
Sandown (Melbourne) and Warrnambool (South-West Victoria)—accounted for over half (55%) of this
activity, with South-West Victoria its vital heartland. Three trainers in Victoria trained one in four of all
jump horses in Australia, including almost one in three in South Australia. Three jockeys accounted for
over one quarter of all jump race starts (25.3%), with each participating in a majority of races. These
data indicate that the presence of jump racing in South Australia is highly dependent upon participation
from the Victorian racing industry. Any reduction or banning of jump racing in South Australia will
have some impact on the Victorian industry. The banning of jump racing in Victoria would likely
mean the end of this activity in Australia. While an end to Australian jump racing might affect only
a relatively small number of industry livelihoods, racing clubs, and regional communities, the extent of
this impact on these individuals, groups and places will be profound. It is not surprising, therefore, that
the defence of Australian jump racing is vociferous, particularly in regional Southwest Victoria [68].
The Warrnambool Racing Club’s May carnival, for example, attracts an audience equivalent to the entire
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population of this regional centre [68]. This event is regarded locally as a major boost for regional
tourism and local businesses. “After all, the three day carnival is said to be worth $15 million to the town
(Warrnambool). Pubs and restaurants swell in an annual blur of heartiness and hangovers. ‘If we lose
it the town is screwed,’ says one well-placed observer” (p. 20, [71]). Similarly, in South Australia, the
iconic Oakbank Easter racing carnival is reputably worth $13 million to the local economy and draws
crowds around 70,000 to the two days of jump racing [70].

It is too early to assess the implications for Australian jump racing of a change of government in
Victoria in late-2014, although the new Minister for Racing has said that the future of jump racing
rests in the hands of RVL [72]. It is noteworthy that the 2015 Victorian jump racing season is
being conducted entirely at regional race courses, and not at Sandown in Melbourne, a venue that
accounted for 16.1% of all jump races between 2012 and 2014 [73]. In light of on-going public debate
about Australian jump racing, longitudinal, industry-wide and composite data, such as that presented
here, is vital for informed discussion and effective regulation. We note that while the data on which
this paper is based are publicly available, and are also highly fragmented and dispersed, requiring
considerable effort to assemble and integrate. We recommend that racing authorities consider forms
of data collection, recording and archiving that are more amenable to analysis of industry-wide and
long-term trends. Reasons underlying short-lived thoroughbred jump racing careers also deserve further
research, particularly given the significantly greater investment in time required to train and qualify a
jump horse in Australia.

5. Conclusions

We conclude that the safety of Australian jump racing over the 2012, 2013, and 2014 seasons has
improved significantly from the 2008 and 2009 seasons that provoked strong public opposition and
led regulators to canvass the banning of this activity. However, it is not clear that there has been any
improvement in horse safety in steeplechasing, with this activity accounting for nine of the 10 horse
deaths in the study period. The risks to horses in hurdle racing during the study period, in contrast, were
close to those documented for flat racing. While the average age of Australian jump horses indicates
that jump racing may extend their tenure within the racing industry, the jump racing career of a majority
of horses comprises no more than three races conducted in one season. Jump racing in South Australia
is substantially dependent upon Victorian involvement and, overall, Australian jump racing relies upon
significant participation from a very small number of trainers and jockeys.
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Simple Summary: In this study, the effect of wood shavings and peat was examined on
stable air quality and health of horses and stable workers. The ammonia level in the boxes
in which peat was used as bedding was non-existent or very low. The respiratory symptoms
in horses increased regardless of the bedding material at the beginning of the study. The
health status of the horses on peat bedding returned to the initial level in the end of the trial
but horses in stalls bedded with wood shavings continued to be symptomatic. The hooves of
the horses in stalls with peat bedding had a better moisture content. The results suggest that
peat is a better bedding material for horses and people working or visiting horse stables than
wood shavings.

Abstract: Stable air quality and the choice of bedding material are an important health issue
both in horses and people working or visiting horse stables. Risks of impaired respiratory
health are those that can especially be avoided by improving air quality in the stable. The
choice of bedding material is particularly important in cold climate conditions; where horses
are kept most of the day and year indoors throughout their life. This study examined the
effect of two bedding materials; wood shavings and peat; on stable air quality and health
of horses. Ammonia and dust levels were also measured to assess conditions in the stable.
Ammonia was not detected or was at very low levels (<0.25 ppm) in the boxes in which peat
was used as bedding; but its concentration was clearly higher (1.5–7.0 ppm) in stalls with
wood shavings as bedding. Personal measurements of workers revealed quite high ammonia
exposure (5.9 ppm8h) in the boxes in which wood shavings were used; but no exposure was
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observed in stalls bedded with peat. The respiratory symptoms in horses increased regardless
of the bedding material at the beginning of the study. The health status of the horses in the
peat bedding group returned to the initial level in the end of the trial but horses bedded with
wood shavings continued to be symptomatic. The hooves of the horses with peat bedding
had a better moisture content than those of the horses bedded with wood shavings. The
results suggest that peat is a better bedding material for horses than wood shavings regarding
the health of both horses and stable workers.

Keywords: bedding material; respiratory health; peat; wood shaving

1. Introduction

The stalls of horses are bedded to absorb urine, moisture, and gases and to increase the comfort,
health, and well-being of the horses. In addition, a large number of people are engaged in the horse
industry as trainers, riders, stable workers, farriers, and other roles working or visiting stables for many
hours daily, and being subjected to the influences of the stable environment. Most of them are young
people, for example riding school pupils.

Horses in northern climatic conditions (e.g., in the Nordic countries and Canada) are exercised
outdoors usually for 1 to 2 h and spend, consequently, the major part of the day (often up to 23 h) indoors.
Because of this, stable air quality is of considerable importance. Furthermore, training and racing in cold
weather conditions expose the vulnerable respiratory system to health problems, increasing inflammatory
cells in the lungs [1]. As a consequence, respiratory disorders are common problems, and respiratory
allergy is commonly diagnosed as a condition affecting the equine lung. When the condition becomes
protracted it is referred to as chronic obstructive pulmonary disease (COPD) or heaves (or RAO, recurrent
airway obstruction), an animal model of asthma. Anecdotal reports suggest that the condition is rare in
climates where animals are outside all year around but is common in climates where horses are stabled
indoors [2]. Clinical signs in horses with this chronic lung disease include poor athletic performance,
chronic couching, purulent nasal discharge, and ultimately difficulties in breathing [2,3].

People working in and visiting horse stables may also be exposed to the effects of the stable air.
Causes of chronic airway disease both in horses and humans usually involve exposure to excessive
concentrations of airborne dust, molds, viruses, bacteria, spores, aeroallergens, and endotoxins which
mostly originate from bedding and feed [4–7]. Furthermore, the inhalation of gaseous irritants such
as ammonia may initiate airway obstruction and exacerbate or prolong the clinical signs of COPD in
affected horses [2] as well as humans [3].

The effect of bedding material on the quality of stable air, both on stable dust and the ammonia
concentration, is significant [8]. The various forms of bedding in a stable and even the differences in
beddings between boxes within a stable [8] influence the stable dust and gas loads, and consequently the
risk to airway health of both horses and humans.

Currently, several materials are available for the bedding of boxes in horse stables. The most common
bedding materials are wood shavings, saw dust, straw, and peat. Many other materials are also used as
bedding, including processed (pelleted) wooden materials and (pelleted, chopped) straw from different
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plants. In addition, shredded or cut paper and some plant materials (by-products), as well as woodchips
are used. Each of these has individual properties, including advantages and disadvantages [9]. Stall mats
are also available, but they are usually used together with bedding because of the binding of urine. It has
also been reported that horses prefer bedding material for lying down as compared with areas without
it [10].

Factors considered when selecting bedding are its availability, cost, cleanness (free from dust and
foreign material) and its effect on stable air quality. The bedding material should also be easy and light
to handle, to avoid excessive physical exertion in stable workers. From the point of view of horses’
health and well-being, good bedding creates a layer of insulation between the horse and cold floor,
pads the hard surface, prevents bruised knees, elbows, hocks and hips, and keeps the horse clean. The
bedding material also affects the behavior of horses [11–13], for example the incidence of stereotypic
behaviour. In addition, good bedding material has a better potential to be re-used e.g., in farming and
horticulture [14,15].

The objective of this study was to examine the effects of two different bedding materials, wood
shavings and peat, on the health of horses. This issue was evaluated on the basis of respiratory and
overall health and quality of hooves, and by measuring stable air quality.

2. Materials and Methods

The experiment was conducted in the facilities of MTT Agrifood Research Finland (MTT, currently
Natural Resources Institute Finland Luke) in the south western part of Finland (latitude 60˝) under
autumn/early winter (October to December) climatic conditions. The duration of the experiment was
84 days. Twelve Finnhorse brood mares (four of which were pregnant) aged between 5 and 17 years
were housed in box stables in individual stalls (3 m ˆ 3 m), divided into separate sections of the stable
according to the bedding material (peat; wood shavings). The stable sections were of the same size and
had an identical mechanical ventilation system. The horses were held on pasture from the beginning of
June to the middle of September.

The two bedding materials were selected because they are the most common materials used for
bedding in Finland. They both have a low content of harmful components when manufactured, selected
and stored properly. Peat is favoured as a bedding material because of its good properties in soil
improvement and good composting ability, as well as its superior capacity to bind ammonia and
fluid [13,16,17] compared to other materials. Both bedding materials were manufactured for use as
beddings in horse stalls; peat by Vapo Ltd. (Jyväskylä, Finland) and wood shavings by Joutsenon
purupaali Ltd. (Joutseno, Finland).

The horses were exercised daily in paddocks in groups for four hours, and for one hour by riding
or driving during the course of the experiment. The stalls were manually cleaned by the same person
between 8 and 12 am when the horses were in outdoor paddocks. All feces and wet material were
removed and new bedding material was added. The depth of the bedding was about 10 cm. All removed
and added bedding materials were measured by their volume.

The horses were individually fed according to their needs three times per day (morning, noon,
evening) with silage/haylage (DM 26.6%–6.9%) and pelleted compounded feed (DM 88%) (Suomen
Rehu Ltd., Turku, Finland) to minimize the release of airborne particles from the feeds. The diet was
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balanced for protein (nitrogen) intake to avoid nitrogen lost in urine and, thus, to minimize the ammonia
in the stable. The forage was produced by MTT and its fermentation and hygienic quality fulfilled the
criteria of good quality haylage and silage [18]. The forage was placed on the floor.

Outdoor temperatures and weather conditions were recorded daily at 8:00 am. The average outdoor
temperatures in October, November and December, respectively, were ´1.7 ˝C (´10 to 2 ˝C), ´3.8 ˝C
(´14 to 3 ˝C) and ´6.6 ˝C (´20 to 0 ˝C). According to the statistics of the Finnish Meteorological
Institute the temperatures in December were quite normal, but in November the daily temperatures were
highly variable, and in October the temperatures were exceptionally low.

The stable temperatures and humidity, as well as ammonia and carbon dioxide levels and amount of
dust, were measured daily in both stable sections. Methane (day 0) and hydrogen sulphide (days 0 and
42) contents were measured, but because of undetectable values the measuring was not continued. Gases
concentrations were measured at a height of 120 cm from the ground using an Accuro gas detection pump
which draws air through sampling tubes (Dräger Safety AG, Lübeck, Germany). The measurements were
carried out at 6:00 am in three boxes of each stable section; from the middle of the box at the level of the
muzzle of the horse. Dust was continuously collected into dust cases that were fitted in empty boxes in
both stable sections at the level of 40 cm from the ground.

Exposure of the stable workers to ammonia was evaluated with personal measurements using
sampling tubes attached to the lapel of the person (Dräger Safety AG, Germany) in the middle and
at the end of the experiment during the cleaning of the stalls. The measurement result was converted
to correspond to an exposure period of eight hours (HTP8h) [19]. HTP value is the concentration that is
harmful to people.

A respiratory endoscopic examination was performed three times during the study (days 0, 42 and
84), including examination of the ethmoidal region, pharyngeal openings of guttural pouches, soft palate,
larynx, and trachea (symptoms = 1; no symptoms = 0). Tracheobronchial aspirates were drawn during
the endoscopy and cytological and bacteriological (neutrophil cells) evaluation was carried out. The
classification of the neutrophil cells in bronchoalveolar smear samples was as follows: none or some
single cells (´); single cells and few small pool of cells (+); several large pools of cells (++); abundant
pools of cells (+++); and an extreme abundance of cells (++++).

Blood analyses, fecal analyses and hoof quality evaluation were used as measures of health and
well-being of the horses. These samples were taken with the same interval as the endoscopic
examination. In addition, rectal body temperature was measured and, heart rate (with stethoscope)
and respiration rate via auscultation were recorded by a veterinarian researcher. Blood samples were
collected from the jugular vein, and the blood analysis consisted of hemoglobin, haematocrit, serum urea,
iron, protein, and differential cell count. Bacteriology, parasites, and the pH of faeces were determined.
The quality of hooves was assessed from the dry matter content of hoof horn. The hoof horn samples
were collected from the hooves of front legs when the horses were in shoeing. All samples were analyzed
in the clinical laboratory of MTT.

The experimental design was a randomized block design with repeated measurements. After the first
endoscopy, the horses were formed into pairs based on their symptomatic similarity. The two horses
of each pair were then randomly allotted to different bedding material groups (peat bedding or wood
shaving bedding). The procedure was repeated until all horses were divided in the two groups. The
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information from the first endoscopy was excluded from the data because it was included in the animal
pair-variable in the model. The data (samples from horses) were analyzed using the MIXED procedure
of the SAS system with the following statistical model: Yijk = µ + pi + bj + (p ˆ b)ij + tk + (p ˆ t)jk +
(b ˆ t)jk + eijk, where Yijk is the observation, µ is the overall mean, pi is the random effect of ith animal
pair (i = 1 . . . 6), bj is the fixed effect of jth bedding material (j = 1 . . . 2), tk is the fixed effect of
the time period (k = 2 or 3), and eijk is the normally distributed error with a mean of 0 and variance
δ2. Terms (p ˆ b)ij, (p ˆ t)jk and (b ˆ t)jk are compound effects of factors. The best fitting covariance
structure for repeated measurements was selected on the basis of the Akaike information criterion. The
differences were tested with Tukey’s test. Categorical variables (neutrophil cells in tracheal mucus) and
0/1-variables were not tested statistically, but were presented descriptively, because of the small number
of observations and their subjective scoring making them less informative.

In animal handling and sample collection, the European Union recommendation directives
(1999/575/EU) and national animal welfare and ethical legislation set by the Ministry of Agriculture and
Forestry of Finland were followed carefully. The experimental procedures were evaluated and approved
by The Animal Care Committee of MTT before the study was started. The endoscopic examination was
carried out and all samples from the horses were collected by a veterinarian researcher.

3. Results and Discussion

3.1. Air Quality

The average temperatures in the stable sections (peat bedding vs. wood shaving bedding) in October,
November and December, respectively, were 9.2 vs. 10.3 ˝C, 9.4 vs. 9.4 ˝C, and 8.0 vs. 8.0 ˝C. These
temperatures are within the target indoor temperature range (8–12 ˝C) in horse stables in Finland [20].
The average moisture content of the stable air (peat vs. wood shavings) was 54.3% vs. 54.6%, 56.0%
vs. 57.6% and 53.0% vs. 58.6% in the corresponding months. During the lowest outdoor temperatures
the moisture contents were naturally at the lowest levels (38% to 44%). The moisture of the stable
air originates from horses’ respiration, urine, feces and drinking and washing water. Excessively high
temperatures and moisture may increase the release of ammonia from the bedding [21].

The bedding material numerically influenced the ammonia content of the stable air (Table 1).
Measurements we made early in the morning before any other activity in the stables. Thus, the ammonia
concentrations represent the situation at its worst after the night. The ammonia level in the middle of
the boxes in which peat was used as bedding was non-existent or very low (<0.25 ppm). However, the
ammonia concentration in the stalls with wood shavings as bedding was numerically (6–8 times) higher
(1.5–7.0 ppm) and at the highest close to levels (10 ppm) considered harmful [22]. The ammonia levels
observed in the present study were lower than recently reported gas levels in the morning in stables with
bedding consisting of pine wood shaving [23], but under warmer conditions (summer, in North Dakota,
US). Ammonia in the stable originates from urine. The urinary production depends the diet (N-intake)
and water intake. Both urinary production and N-losses increase with increasing N-intake [24]. In the
present study the diet was individually balanced for protein (N) intake, and excretion of N was not
obviously very high. There were no differences in ammonia concentrations in the stalls of horses on peat
bedding (0–0.25 ppm) because of the superior ammonia absorption capacity of peat. Concerning the
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horses on wood shavings bedding the ammonia content varied between the horses (stalls) and measuring
dates from 1.5 to 7.0 ppm.

Table 1. Gas concentrations in the stable air.

Wood Shaving Bedding Peat Bedding

Day 0
Ammonia 0.5 ppm 0 ppm
Carbon dioxide 650 ppm 500 ppm
Hydrogen sulphide 0 ppm 0 ppm
Methane 0 ppm 0 ppm

Day 42
Ammonia 1.5–7.0 ppm 0–0.25 ppm
Carbon dioxide 500 ppm 700 ppm
Hydrogen sulphide 0 ppm 0 ppm

Day 84
Ammonia 4.0–7.0 ppm 0–0.25 ppm
Carbon dioxide 700 ppm 600 ppm

The amount of dust collected was small for both bedding types, and no major differences were
observed in dust measurements between the bedding materials. Both bedding materials were specially
manufactured for use in horse stalls. The carbon dioxide values were lower than the upper acceptable
limit values for horses (3000 ppm) and for humans (1000 ppm) [3]. Carbon dioxide levels were similar
in both stable sections.

The bedding materials also affected the environment of the people working in the stables. Personal
measurements of the ammonium exposure of the workers revealed was higher (5.9 ppm8h) in the boxes in
which wood shavings were used. No exposure was observed in stalls bedded with peat. This is important
to consider, because workers can spend a considerable amount of time each day in the stables. In this
study it took about 13 min to clean one box. According to previous studies, feeding and handling of
feed take about 5 to 7 min per horse per day [25,26], and cleaning the stalls (mucking out, replacement
of bedding materials) takes approximately 10 min per horse daily if no machinery is used [25–27]. The
upper limit of HTP8h is, however, as high as 20 ppm [19].

Studies on peat as a bedding material are scarce. Airaksinen et al. [17] and Nikama et al. [15] have
reported a superior ability of peat bedding to bind ammonia, which is based on its low pH value. The
pH value of the peat for bedding (Vapo Ltd.) used in the present study was 4.0. The pH value of
wood shavings used here was not available, but according to a study the pH of wood shavings is higher
(pH 5.5) than that of peat [28]. Peat tended to create a better stable environment than pelleted sawdust
due to higher absorption of ammonia and lower levels volatile organic compounds [3], but no differences
between the bedding materials were observed regarding the amount of dust. However, depending on its
origin, peat has been shown to vary widely in dustiness and hygienic quality [17].

According to several other studies, the type of the bedding material has a considerable effect
on stable dust, ammonia, bacteria, and endotoxin concentrations in horse stalls [4,7,23,29–31].
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Fleming et al. [7] observed that the gaseous ammonia concentration was lowest when straw pellets
were used. The order based on ammonia concentrations among the studied bedding materials in their
study was straw pellets, linen, hemp, wood shavings, paper cuttings, and wheat straw. In a study by
Garlipp et al. [31] ammonia emissions from wood shavings were considerably lower than from straw.
In some studies mucking out and handling of bedding materials influenced the dust and gas (ammonia)
emissions in the stable [7,30,32]. In the present study, the ammonia content of the stable air was higher
when wood shavings were used, and during mucking exposure of ammonia occurred only in stalls bedded
with wood shavings, resulting from the superior ammonia binding capacity of peat.

Pelleting of the bedding material reduces the generation of airborne particles by the bedding
material [33]. Fleming et al. [30] found the lowest particle generation with straw pellets. In their
two studies [7,30] they concluded that straw pellets may promote an improvement in the stable climate
in relation to airborne particle formation, ammonia binding and ammonia transformation. Pelleted
newspaper also appears to have a good potential as a bedding material for horses [33].

In one study [34] the researchers observed that the generation of airborne particles in straw, wood
shavings, flax, and hemp can be reduced with a separation technology. They also found that the
generation of particles increased during the storage of the bedding.

Proper ventilation is important to remove moisture, gases, and dust and other particles from the stable.
However, in many cases the ventilation of stables does not provide adequate exchange of fresh air. Thus,
the quality and properties of the bedding material are of considerable importance.

3.2. Horse Health

The first endoscopic examination at the beginning of the experiment revealed that 4 of the 12 horses
had respiratory symptoms (+ . . . +++). Thus, moving the horses from pasture to indoor housing in
the middle of September (two weeks before beginning of the study) appeared to expose the horses
to respiratory disease because of the air quality of the stable. In a Swedish study the highest dust
measurements were observed in winter when the stable doors were closed [3]. Slightly increased airborne
bacteria levels were also observed in stables in September compared to other seasons in that study. In
the present study the frequency of respiratory symptoms increased in both groups during the first half
of the study period, but then decreased in the horses bedded with peat such that the number of horses
with symptoms in this group was the same at the beginning and end of the experiment. In the horses
bedded with wood shavings the number of symptomatic horses remained larger than at the beginning,
being twice of that compared to the horses with peat bedding (Table 2). Thus, the peat bedding seemed
to be a better bedding choice than wood shavings regarding the health of respiratory tract.

The number of neutrophil cells did not differ between the groups (data not shown). The
tracheobronchial aspirates obtained during endoscopy contained either scarce or moderate numbers of
neutrophils (peat bedding: ´ . . . ++; wood shavings bedding: 0 . . . +++). An elevated number of
neutrophils or the detection of Curschman’s spirals is suggested to correlate with CODP symptoms [35].
One of the horses bedded with wood shavings had a high neutrophil percentage and also spirals in its
sample at the second and third samplings, and was therefore diagnosed as a CODP horse at that time.
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Table 2. Symptomatic horses based on endoscopy examination.

Wood Shaving
Bedding Horse

Day 0 Day 42 Day 84

1 1 1 1
2 0 0 0
3 0 0 1
4 1 1 1
5 0 1 0
6 0 1 1

Horses with symptoms 2 4 4
Total symptomatic

during the experiment
10

Peat bedding Horse Day 0 Day 42 Day 84
7 0 1 0
8 1 1 1
9 0 1 0
10 0 1 1
11 0 0 0
12 1 0 0

Horses with symptoms 2 4 2
Total symptomatic

during the experiment
8

There were no statistically significant differences in blood parameters of the horses between the peat
bedding and wood shaving bedding groups (data not shown). The parameters in all horses were within
the range of reference values. The bedding did not affect the respiration or heart rate of the horses
(data not shown). The microflora of feces was also unaffected by the bedding, which is in agreement
with Tanner et al. [4] and Hübinette [36]. The pH value was somewhat lower (p = 0.01) in the horses
with peat bedding (6.78) than in those bedded with wood shavings (7.08) at the end of the experiment
(day 84), and the colour of their feces was darker, which was obviously a result of observed eating peat
in small amounts. Hübinette [36] found no effect of bedding material (wood shavings or peat) on the
faecal pH.

The moisture content of the hoof horn at the end of the study was higher (p < 0.05) in the horses
bedded with peat (32.6%) compared to the horses with wood shavings as bedding (30.5%). In the
middle of the study the difference was not statistically significant (peat 34.2%, wood shavings 33.2%).
Dryness of the hooves can cause problems when the natural elasticity and toughness is lost [37]. The
weakening of the hoof mechanism can lead to hoof cracks and impose an additional strain on the legs.
Tanner et al. [38] found that the hooves were dryer and more caked when phone book paper was used as
a bedding material than in horses bedded on sawdust.

The results supported by literature [17,30] suggest that bedding materials have the potential to affect
stable air conditions and animal health and welfare. However, in some studies, no differences have been
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observed. For example Tanner et al. [38] found no difference in the respiratory health of horses when
bedded with either sawdust or (shredded and milled) phonebook paper. However, the choice of bedding
material is especially important in cold climatic conditions, which forces horses to be kept indoors for a
large part of the year.

Although there appears to be clear differences in the properties and influences between various
bedding materials and types, the quality and origin of a particular bedding is important regarding the
airborne dust concentrations originating from the bedding material [17,30,39], and stable owners and
managers should thus also pay particular attention to this issue when selecting bedding materials.

Horses appear to have individual preferences for bedding material, and no significant overall
preference for example for either wood shavings or straw was observed [12]. Werhan et al. [13] also
found individual differences, but the horses generally preferred straw. The authors concluded that on
the basis of the longest time being occupied, straw seems to support the welfare of the horse better than
wood shavings or straw pellets.

3.3. Consumption of the Bedding Materials

The consumption of bedding materials differed considerably. The consumption of peat was 59% of
that of wood shavings (by volume), obviously due to its superior ability to bind liquids. This affects the
cost of bedding as well as the need for storage for both bedding material and manure, thus influencing
the construction costs of the facilities.

3.4. General Discussion

An issue of increasing importance is the influence of manure on environment, which means that
the amount of manure produced should be minimal and that it should be easily used as a fertilizer or
in soil improvement [14,15], or even as a source of energy, for example in methane production [40].
Rapid composting and a good ability to bind and transfer nitrogen are important properties of peat
bedding requested by farmers and other users of manure. Poeplau et al. [41] reported positive trends in
organic carbon storage in Swedish agricultural soils due to increased horse industry and horse manure
use in agriculture during the past two decades. It is also important that the bedding material can be
easily handled in the stable, which is influenced, for example, by how it is packed, or how much it is
consumed daily.

Peat is a good alternative for bedding material in those countries where it is produced for
agricultural/horticultural or energy use, for example in the Nordic and Baltic countries, Russia, Poland
etc. However, it is important to consider that agricultural peat soils should be managed sustainably
and that cultural and socio-economical aspects of peatlands are taken into account [42]. In many
other countries, such as in The Netherlands and Germany, the percentage of remaining pristine mires
is small [43].

The battery of methods used to monitor indoor air quality and animal health in the stable was
limited in the present study. In addition, outdoor exercise of the horses makes this issue complicated
to investigate, regardless of the methods applied. Horses also individually differ in their sensitivity
to exposure to environmental factors, i.e., their genetic predisposition for example, to RAO [44]. On
the other hand, many studies regarding airway health have been field studies without a controlled or
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standardised environment, e.g., examining bedding and feeding practices and outdoor exercise. The
findings of the present study suggest that further research with a large sample size would be warranted
in order to gain a better understanding on the effect of bedding materials on stable air quality and health
and wellbeing of horses.

4. Conclusions

The results suggest that choice of bedding material is of large importance regarding stable air quality,
at least in terms of the ammonia level. Both horses and people working in stables are exposed to ammonia
if the ability of the bedding material to bind gases and fluids is poor. This may predispose both horses and
humans to airway diseases. Based on the results, peat is superior to wood shavings regarding the ability
to bind ammonia and reduce ammonia concentration and the risk of ammonium exposure of horses and
stable workers. It seems also that horses on peat bedding may have better airway health. The moisture
content of the hooves of the horses on peat bedding was higher compared to those bedded on wood
shavings. The findings suggest that further research with a larger sample size is warranted.
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Abstract: Specific estimates of the risk of horse-related injury (HRI) to university
students enrolled in veterinary and animal sciences have not been reported. This study
aimed to determine the risk of student HRI during their university education, the nature
and management of such injuries. A retrospective questionnaire solicited demographic
information, data on students’ equine experience prior to and during their educational
programs, and on HRI during their program of study. Of 260 respondents, 22 (8.5%)
reported HRI (27 incidents). Including concurrent injuries the most commonly injured
body parts were the foot or ankle (nine of 32 injures), the upper leg or knee (eight of
32), and hands (three of 32). Trampling and being kicked by a hind limb were each
associated with 30.4% of HRI, and 13% with being bitten. Bruising (91.3% of respondents)
and an open wound (17.4%) were most commonly described. No treatment occurred for
60.9% of incidents; professional medical treatment was not sought for the remainder. Most
incidents (56.5%) occurred during program-related work experience placements. Although
injury rates and severity were modest, a proactive approach to injury prevention and
reporting is recommended for students required to handle horses as part of their education.
Student accident and injury data should be monitored to ensure effective evaluation of
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risk-reduction initiatives. The risk and nature of university student horse-related injury (HRI)
was studied. Of 260 students, 22 (8.5%) reported HRI (27 incidents). Including multiple
injuries, reports described involvement of the foot or ankle (nine of 32 injures), upper leg or
knee (eight of 32), and hands (three of 32). Trampling (30.4%) and being kicked (30.4%)
accounted for most HRI. The injuries were usually bruising (91.3%) or an open wound
(17.4%). Most (60.9%) injuries were untreated; professional medical treatment was not
sought for the rest. Most incidents (56.5%) occurred during program-related off-campus
work experiences. A proactive approach to injury prevention is recommended for students
handling horses.

Keywords: horse-related; injury; accident; student; education; veterinary

1. Introduction

Horses are powerful and frequently unpredictable animals, capable of moving at high speeds and of
generating great force with a single kick [1,2]. Due to the combination of behavioral characteristics,
nature of responses to adverse stimuli, speed, power, and size of these animals, people that interact with
horses professionally or recreationally are at risk of severe or fatal injuries. Studies of equine-related
injury have been conducted for people engaged in a diverse range of equestrian activities, but the majority
of these have investigated the risk of injury to riders [3,4]. In comparison, research on occupational
injury by horses within the veterinary profession and other equine industries is limited [2,5–7]. A cross
sectional survey of Australian veterinarians (the Health Risks of Australian Veterinarians study; HRAV)
found that most large animal (65% equine and/or food animal), and mixed animal (59%; large and
companion animals) veterinarians had suffered chronic musculoskeletal or severe acute injuries, placing
them at the highest risk of significant injuries [2,5,6]. Significant injuries were classified as an incident
resulting in hospital admission, or having a substantial detrimental effect on the ability to work. Of the
serious injuries reported, 29% were directly equine associated [2], of which 70% occurred despite safety
precautions that were claimed to have been in place, indicating that the latter may have been insufficient
or incorrectly applied [5]. Such findings are not unique to Australian veterinarians, and studies in other
countries have found similar concerning statistics [8,9].

Currently protocols are in place in many universities with equine educational programs to ensure
the safety of students and staff. These include testing the suitability of horses for teaching, hazard
evaluation, and incident reporting systems, though few protocols have been published [10,11]. More
information on risk factors and prevalence is needed to develop specific and effective evidence-based
recommendations for minimizing horse-related injuries (HRI) [10,12]. Reports of occupational HRI for
experienced veterinarians provide useful information, but may not be generally applicable to university
students enrolled in programs requiring exposure to horses, as the latter have more variable levels of
equine experience and interest. At the University of Adelaide, students enrolled in the animal (AnSci)
and veterinary science (VS) programs may elect (AnSci and VS) or are required (VS) to obtain practical
experience with horses as part of their educational programs. The authors hypothesized that injury rates
for students at the University of Adelaide differed from those that of reports for practicing veterinarians
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and others involved in the equine industry from similar cultural backgrounds. The objectives of this study
were to determine the prevalence of injury for university students exposed to horses during structured
and unstructured learning activities associated with their program of education, and to identify particular
risk factors. The authors found low rates of injury, but a lack of action taken to see medical evaluation in
response to these injuries raises concerns about risk culture in Australian students, and its possible carry
over into professional life [13].

2. Experimental Section

The study followed the recommended assessment procedures for studies with low ethical risk
approved by the Human Research Ethics Committee of the University of Adelaide.

2.1. Background Information Collection

In order to clarify the background conditions underpinning the experience of the survey participants,
current safety protocols for on campus and extramural (equine work experience) learning activities
involving horses were reviewed. The campus Health and Safety Officer (HSO) was also asked to provide
a summary of the number of HRI formally reported by students during the five years preceding the survey

2.2. Survey Data Collection

Students were approached and directly invited to participate in the paper-based survey within the
daily class schedule. This occurred over a 29-day sampling period. A response rate of 60% from each
year cohort of students within each educational program was anticipated. At the conclusion of the initial
survey participation request period, a final attempt was made to acquire results from non-responding
students by emailing the survey to each of the cohorts with a description of the study to be undertaken.
No identifying information was recorded on the survey or by other means.

Students enrolled in the undergraduate Animal Science (AnSci), Veterinary Bioscience (VetBio),
or Masters by coursework Doctor of Veterinary Medicine (DVM) programs at the University of Adelaide
(South Australia) for the 2012 academic year were considered eligible for the study (n = 461). An open
source sample calculator was used to determine an appropriate target for the number of respondents from
this study population to obtain a survey error (type I) no higher than a 5% [14]. It was calculated that to
be within a 95% confidence interval 214 respondents were required, and to be within a 99% confidence
interval 279 respondents were required [14].

An anonymous retrospective questionnaire was created consisting of 33 questions in three sections:
(1) background demographic information, (2) qualitative and quantitative data regarding attitudes and
experiences of students prior to and during their program of education, and (3) incidence of horse-related
injury, reporting and management. Background demographic information collected included gender,
age, educational program and year level, hours of horse exposure in practical equine courses completed
on-campus, and length of time spent at equine work experience placements outside of the university
campus. Student attitudes and experiences were solicited and semi-quantitative data was obtained using
rating scale questions in which the scale range was from 0 to 100. These questions surveyed the students’
interest and prior contact with horses, and perceptions of safety procedures.
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Finally, the incident report section of the survey was used to identify injury incidence, type,
mechanism, severity, and the various contributing factors as perceived by the students. To ensure
consistent interpretation of quantitative responses, where a range value was provided the mean of the
range was utilized for the purpose of analysis. For example if a respondent commented that they had
10–20 hours of contact with horses per month the mean value of 15 was utilized. Scaled questions offered
a semi quantitative range of responses from 0 (most negative or greatest magnitude of disagreement) to
100 (most positive or greatest magnitude of agreement), and results were interpreted at a minimum
interval of five units. Where only a year value was given in response to how much time the respondent
had spent with horses prior to the program, the respondent was conservatively estimated to have had
two hours of contact with horses for each day of the time indicated to generate a final approximation for
analysis. Alternatively, where insufficient information was provided to make such an assumption (e.g.,
“a lot”), the response was neither transcribed nor included in the data analysis.

2.3. Data Analysis

Associations between categorical variables including program type, program year, gender and the
occurrence of injury were evaluated by the Chi-squared test (considered significant at p < 0.05);
where the expected values were <5, Fishers exact test was performed. The distribution of values
for continuous variables (age in months, duration of equine experience before enrollment, and equine
contact time before and during enrollment) was evaluated by the Shapiro-Wilk test; none were normally
distributed. The effects of these continuous variables on the occurrence of injury were analyzed using
the Kruskal-Wallis test; differences were considered significant at p < 0.05.

3. Results

3.1. Safety Protocols-On Campus Safety and Teaching Horse Assessment

The review of safety protocols in use at the time of the survey found that horses acquired for
live animal teaching on the university campus were identified by the Teaching Services Technical
Manager, and examined by a registered staff equine veterinarian for health, temperament, and ease
of handling. Suitable horses were then transported to the campus for two to four weeks of handling
and further evaluation of temperament by equine teaching staff. Horses that failed to adapt to the
teaching environment, or showed evidence of recurrent intemperate behavior during teaching activities,
were removed from the teaching herd. Qualified staff supervised all equine-related teaching activities
on-campus. Formal qualifications held by the staff ranged from Australian equine industry certification
in equine handling and training, to graduation from an AnSci or veterinary degree program. The staff to
student ratio for classes with horses was ~1:6. All sessions involving horses required students to read and
understand standard operating procedures for basic handling and restraint, and the veterinary technical
procedures developed for the learning activities. Equine related teaching was delivered in purpose-built
yards, stalls, and crushes. All adverse incidents observed by staff or reported by students were noted and
forwarded to the campus HSO.
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3.2. Safety Protocols-Extramural Equine Safety

A designated staff member was assigned to coordinate student placement (work experience)
agreements with host-providers and manage extramural placements from the campus. Placement
hosts were required to provide relevant experiences (animal husbandry for AnSci and VetBio students;
veterinary clinical training for DVM students), to provide a local safety induction to students, and to
adhere to Australian legal requirements for work place health and safety. Feedback on extramural
placements was sought from hosts and students, and responded to directly by the coordinator.

3.3. Demographic and Background Data

Of 481 eligible AnSci and VS students, 260 (54.1%) returned surveys (Table 1). The resulting
calculated sampling error was 4.1% at the 95% confidence level [14]. Female students constituted 219 of
264 (83%) of respondents (compared to 81% in the eligible AnSci and VS student population), and males
constituted 45 of 264 (17%) respondents (compared to 19% in the eligible population). The median
age of the participants was 21.5 years (range 17.8 to 42.5). For background questions not related to
describing an incident, response rates per question ranged from 78 to 100%. Questions pertaining to an
incident (22 students; 23 of 27 incidents described) had a 100% response rate except for the date of the
incident (74% response rate).

Table 1. The number of respondents, demographic data, survey response rate for each year
level and program.

Animal Science Veterinary Bioscience
Doctor of Veterinary

Medicine
Total

Year of Program 1 2 3 1 2 3 1 2
2012 Enrolments 119 48 54 42 65 64 53 36 481
Number Surveyed 33 26 23 29 32 45 46 26 260

% of Class
Surveyed

27.7 54.2 42.6 61.9 49.2 70.3 86.8 72.2 54.1

Structured university courses with an equine practical component were compulsory and the duration
of on-campus equine contact was constant within each cohort (Figure 1). On-campus class contact
time with horses of AnSci and VetBio cohorts were approximately equivalent, whilst DVM students
had a significantly greater amount of on-campus class equine contact time in comparison (p < 0.05;
Figure 1). The time spent on extramural placements (a compulsory requirement of the VetBio after the
first year and the DVM programs) varied among veterinary students (Figure 1). A minimum two-week
extramural placement to gain experience in equine handling and husbandry was required of the VetBio
program respondents, and a minimum five-week extramural placement for equine clinical experience
was required of the DVM program respondents. Comparatively, there was no compulsory requirement
for an equine based extramural placement in the AnSci program; approved placements were elective.
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Figure 1. Contact time spent with horses during on-campus instruction (blue column) and 

extramural equine work experience placements (diamond = median; vertical bars indicate 

range) for Animal Science (AnSci), Veterinary Bioscience (VetBio) and Doctor of 

Veterinary Medicine (DVM) students at the University of Adelaide. Note, on-campus 

contact time was prescribed by the courses in which students were enrolled. 

Sixty percent (156 of 260) of respondents reported contact with horses prior to beginning their 

university program. The approximate duration of this experience varied widely (mean 340 ± 811 days). 

Only 41 (16%) of students indicated that working with horses strongly influenced their decision to enroll 

in their current program (indicated by a score >70/100). These values did not differ significantly between 

AnSci and VS students, or among year levels within programs. A significant difference between injured 

and non-injured students in the duration of equine experience before enrollment was not identified. 

3.4. Injury Data 

Of the 260 respondents, 8.5% (22) reported a total of 27 incidents resulting in injury (Table 2).  

Only details of 23 incidents (one per student in 21 cases, and one reported the details of the two most 

recent incidents) were provided for analysis. Only one incident was reported to the campus HSO during 

2010 to 2012; HSO records were not available for the three years prior to 2010. Most injured students 

were female (90.9%; 20/22), and 9.1% (2/22) were male (Table 2). There was no statistically significant 

gender association with the risk of injury. Students that had experienced a horse-related injury were 

Figure 1. Contact time spent with horses during on-campus instruction (blue column) and
extramural equine work experience placements (diamond = median; vertical bars indicate
range) for Animal Science (AnSci), Veterinary Bioscience (VetBio) and Doctor of Veterinary
Medicine (DVM) students at the University of Adelaide. Note, on-campus contact time was
prescribed by the courses in which students were enrolled.

Sixty percent (156 of 260) of respondents reported contact with horses prior to beginning their
university program. The approximate duration of this experience varied widely (mean 340 ˘ 811 days).
Only 41 (16%) of students indicated that working with horses strongly influenced their decision to enroll
in their current program (indicated by a score >70/100). These values did not differ significantly between
AnSci and VS students, or among year levels within programs. A significant difference between injured
and non-injured students in the duration of equine experience before enrollment was not identified.

3.4. Injury Data

Of the 260 respondents, 8.5% (22) reported a total of 27 incidents resulting in injury (Table 2).
Only details of 23 incidents (one per student in 21 cases, and one reported the details of the two
most recent incidents) were provided for analysis. Only one incident was reported to the campus HSO
during 2010 to 2012; HSO records were not available for the three years prior to 2010. Most injured
students were female (90.9%; 20/22), and 9.1% (2/22) were male (Table 2). There was no statistically
significant gender association with the risk of injury. Students that had experienced a horse-related injury
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were found to have a median age of 22 years, which was not significantly different than non-injured
respondents (21.5 years).

There was a significant association between student contact time (non-linear) with horses during
programmed educational activities, and an increased risk of injury (p = 0.016) that could not be
differentiated from associations with the program of study.

Table 2. The injury response rates and relative risk for each year level and program.

Animal Science Veterinary Bioscience
Doctor of Veterinary

Medicine
Total

Year of program 1 2 3 1 2 3 1 2
Number of injured

students
2 0 0 0 2 7 5 6 22

Number of incidents 2 0 0 0 2 7 5 7 23
Relative risk by year 0.06 0 0 0.07 0.16 0.02 0.11 0.04

Relative risk by program 0.02 0.14 1 0.12 2

1 The year in which the injury occurred was not reported in one case; 2 The year in which the injuries occurred
were not reported in four cases.

Of the 23 incidents described, AnSci students reported two (8.7%), the VetBio students reported nine
(39.1%), and the DVM students reported 12 (52.2%) (Table 2). The AnSci students were less likely to
sustain HRI than VetBio and DVM (p = 0.013), and the two AnSci incidents described involved riding
and colliding with a gate during their extramural placement on farms. The DVM students were associated
with a higher risk of HRI than the AnSci students (p = 0.038); the difference between VetBio and DVM
students was not statistically significant. In only 17 incidents did injured students report the year in
which the incident occurred, and the relative risk was highest in the second year of the VetBio and first
year of the DVM programs (Table 2).

The anatomic locations and nature of reported injuries sustained are summarized in Table 3.
Six respondents reported more than one type of tissue injury due to their HRI. The most common
mechanisms of injury were a horse trampling the foot or ankle, being kicked by a hind limb, or being
bitten. The most commonly reported types of injuries were bruises or an open wound; three students
reported concurrent bruising and a laceration.

Most injured students, (60.9%; 14) did not treat the injury and remaining injuries (39.1%; nine)
were self-treated. There were no incidents for which first aid treatment was sought, a doctor was seen,
or a student admitted to hospital. None of the injured respondents reported requiring time off from
university study or work following injury and only one student (4.3%) with a muscular lower back
injury of unreported duration, indicated that she had not fully recovered from the incident. A median of
14 days (range 0 to 60 days) was reported for the remaining students to fully recover from their injuries.
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Table 3. Description of the injuries sustained by students including bodily location,
mechanism of injury, and nature of injury.

Factor Number of Injuries Percentage of Incidents

Affected Bodily
Location

Foot/Ankle 9 39.1
Upper Leg/Knee 8 34.8

Hand 4 13.0
Lower Leg (Calf/Dorsal Tibia) 2 4.3

Head 1 4.3
Face 1 4.3

Forearm 1 4.3
Lower Back 1 4.3

Other 1 4.3
Eye 0 0

Upper Arm/Shoulder 0 0
Neck 0 0
Spine 0 0
Pelvis 0 0

Total injuries reported 28 -

Mechanism of Injury

Trampled 8 30.4
Kicked by hind limb 7 30.4

Bitten 3 13.0
Fall while riding 2 8.7

Struck by forelimb & Crushed
by body

1 4.3

Knocked over 1 4.3
Struck by horse’s head 1 4.3

Total mechanisms reported 23 -

Nature of Injury

Bruising/Soft Tissue Injury 20 91.3
Open Wound 4 17.4

Muscle or Tendon Injury 2 8.7
Rope Burn 2 8.7

Non-Specified Internal Injury 1 4.3
Crushed Tissue Injury 1 4.3

Muscular Strain 1 4.3
Fracture 0 0

Intracranial injury 0 0
Total injuries reported 31 -

Incidents occurred most frequently during extramural placements to obtain experience in equine
husbandry (56.5%; 13 of 23 incidents). All injuries to second-year VetBio students and first-year
AnSci students occurred during an extramural placement (Table 2), whereas for the DVM and other
VetBio program years injuries occurred in approximately equivalent numbers on and off campus.
No injuries associated with extramural placements at veterinary practice facilities were reported to the
HSO. Nine adverse horse-related incidents (39.1%; nine of 23 incidents) occurred on the premises of
the university during teaching activities, and one (4.3%) at an equine event unrelated to an educational
program. Specifically, nine (39.1%) HSI occurred in handling yards or a fenced enclosure, eight (34.8%)
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in a stable or barn, two (8.7%) in an open paddock, two in an arena (8.7%), one (4.3%) in a horse float
(trailer), and one in a non-specified location.

The activities or actions being undertaken by the students at the time of injury included standing
near a horse (26.1%; six incidents), performing a handling or husbandry procedure (21.7%; five cases;
e.g., moving horses or rounding up livestock on horseback), or performing a non-invasive physical
examination procedure (17.4%; four incidents; e.g., auscultation of the chest). Walking near a horse,
working with the horses’ limbs or feet, and catching a horse in a paddock were each associated with two
incidents. Leading a horse in an outside location and trailering (floating) horses were each associated
with a single incident. The activities for three incidents were not described. One or more factors were
believed by respondents to be associated with their injury including resistance by the horse to handling
(12 students; 52.2%), inexperience on their part (nine students; 39.1%), and seven admitted inattention
on their part (30.4%). Seven (30.4%) believed that the incident occurred because the horse was in distress
or fearful. Poor restraint and inattention by the handler were considered factors in four (17.4%) incidents,
and the horse evading capture or poor staffing levels were each believed to contribute to a single incident
each. For 12 (52.2%) incidents, respondents indicated that more than one factor might have contributed
to the incident (range 0 to 4 factors).

In four (17.4%) incidents, it was the student’s perception that no safety precautions other than
haltering or tying were being implemented at the time of the event. In the remaining 19 (82.6%)
incidents, 15 (65.2%) of the students used protective footwear, three (13.0%) reported the horse was
being restrained by an experienced staff member, two (8.7%) reported the horse was being restrained by
an inexperienced peer. Additionally, two students used a nose twitch, two used another form of safety
precaution outside of the defined categories, one (4.3%) stated the horse was sedated, and another used
a helmet.

4. Discussion

Regardless of their experience levels, backgrounds and attitudes towards horses, it is compulsory
for all American Veterinary Medical Association accredited university veterinary program students,
and many animal science program students, to work with horses for some length of time within their
educational programs. In comparison, qualified veterinarians exposed to horses have generally elected
to follow this career path. The findings of the current survey support our hypothesis that when compared
to reports for practicing veterinarians and others involved in the equine industry from similar cultural
backgrounds, injury rates differ [2,4–7,15]. In contrast to equine industry reports, there were no
severe injuries among students [3,4,15]. This result, to some degree, reflects favorably on the current
procedures, facilities, environment, and staff for on-campus learning, and the selection of host locations
for extramural experiences. However, HRI was reported, and the relatively lower rate should not be
cause for complacency. An opportunity for comparison of these data with those of other comparable
study populations is limited. However, given that attitudes and training with respect to animal safety
might reasonably be expected to influence future professional practice, the relationship between the
risk of HRI sustained by VS, and that of Australian qualified veterinarians warrants future study [13].
The overall prevalence of all HRI in university students was lower than the prevalence of 16.2% in 2800
qualified Australian veterinarians, but this might be expected as the exposure risk (time) for practicing
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veterinarians is higher [2]. The real difference in injury rates between the two groups may be greater if the
HRAV had accounted for all degrees of injury, not just those that were classified as severe [2]. The design
of the questionnaire used for the current study encouraged disclosure of all incidents irrespective of the
severity of injuries sustained. The authors contend that this approach may be a more useful one than
studies limited to only self-reported severe injuries or hospital admissions, to more accurately reflect the
risk of HRI in other settings.

Anecdotally underreporting of incidents is prevalent within the Australian veterinary profession and
other equine industries, resulting in underestimation of rates of injury [7]. In agreement with other
industry sector reports, formal incident reporting (to the HSO) by the current study population was
lacking despite clear policies requiring the documentation of such events [4,7,13]. Injured students also
failed to seek independent third party medical assessment. Such behaviors are of concern and may reflect
Australian cultural and professional norms related to work practice, lack of safety awareness, and poor
self-care [13,15]. It is recommended that greater emphasis be made within educational institutions to
develop and monitor a non-punitive and supportive culture of accurate incident and hazard reporting
among students and staff [16]. Based upon the data in this report, it is suggested that this process should
extend to those incidents that occur during off campus extramural placements. To this end the risk
assessment and injury reporting documentation should be provided to hosts and students required or
electing to engage in these activities. This would enable a more accurate assessment of the risk of HRI
so that evidence based hazard mitigation measures may be identified and taken.

In the current and HRAV study populations the rate of injury in males to females is proportionate to
the distribution of gender [2]. Accordingly, a greater net number of females had sustained horse-related
injuries in the current student population. In comparison a greater number of males sustain HRI in
the qualified veterinary population due to greater proportion of males in equine and mixed practice
at the time of the HRAV study [2]. This compares to a study of horse-related injury in Australian
riders in which young female riders and older males were found to have the greatest risk of injury [15].
This is likely to be due to the demographics of amateur female riders, and more aged professional
equestrians [15,16].

The significant relationship between contact time with horses within the university and the risk of HRI
seems intuitive. However, given the limited data available for multivariate analysis, and the relatively
uniform amount of equine contact time spent within each cohort, it was not possible to differentiate
exposure time from the program-associated risk. Injuries occurred despite the university’s current
measures to mitigate the risk of HRI. Nevertheless, most incidents occurred during extramural learning
activities, and similar safety precautions are less likely to be implemented uniformly. Focused feedback
following external placements that addresses these issues is required to evaluate this hypothesis. In lieu
of such data, a review of each of the approaches to extramural risk mitigation is necessary to reduce the
off campus exposure to HRI [17,18].

Student injuries were predominately sustained as a consequence of being trampled or being kicked by
the hind limb, and most commonly resulted in a bruise or open wound. The bodily locations that were
most commonly affected were the lower or upper limbs. In comparison, a larger proportion of serious
injuries in Australian veterinarians are a result of kicks or strikes (79%), and a smaller proportion from
being crushed or trampled (12.3%) [2]. They typically involve the lower extremities (33%); head and
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neck (26%), and upper extremities (20%), with fractures (27.8%) and bruising (27.6%) described as most
common [2]. The findings of the current study are in agreement with a small study of unmounted rider
HSI, with half of the riders also sustaining a contusion to the limbs [16]. In contrast facial injuries have
also been commonly documented in the riders, and the reasons for this difference are unclear [19,20].

Over half of the HSI occurred at off campus locations for training required by their educational
program, including all incidents for two cohorts that occurred during these extramural activities.
Insufficient data (incidents) were available to statistically conclude that external placement constitutes an
inherently high-risk situation for students. The comparative assessment of risk is confounded by the fact
that the nature of the interactions and type of activities with horses on external placements differ from the
exposure on-campus premises, as do facilities, and policies with respect to the incident review framework
used to formulate the survey. For example, students most commonly reported being situated in a handling
yard, stable, or barn at the time of injury. In comparison, qualified veterinarians were most likely to have
sustained horse-related injuries in handling yards (37.7%) and stables (15.7%), but additionally in open
paddocks (36.6%) [2]. It is possible that such differences arise from the limited or poorly maintained
handling yards/crushes on Australian properties often faced by qualified veterinarians, compared to the
recently purpose-built facilities at the university campus [7]. The most common safety precautions
used by Australian veterinarians are physical restraint of the horse (34%) or hand-held reliance only
(9%) [5]. Many large animal veterinarians are required to attend ambulatory visits alone and may
not have an adequately skilled person to assist them [7]. In contrast, all on-campus equine-related
teaching is supported by qualified staff [5,7]. However, students on external placements may face
similar risk conditions as those experienced by practicing veterinarians; these conditions require further
study. The authors agree with Jeyaretnam’s and others’ conclusions that a greater emphasis must be
placed on determining the true risk of injuries and thus generating effective strategies to mitigate the
hazards [5,21,22].

Currently Adelaide University students are required to wear protective boots during equine activities.
However, the data indicated that ~35% of students are not compliant with this policy. Therefore further
emphasis on ensuring that utilize sufficient protection against crushing injuries, and compliance with
university clothing safety policy is warranted both on and off campus. Consideration should be given to
the design and use of coveralls with protective padding over the thighs and knees such as that used for
other competitive and recreational pursuits. Stock handling gloves should be worn for horse handling
to prevent rope burn injuries. Whilst currently available safety equipment such as chest protection and
helmets have been suggested to decrease the likelihood of injury [5] the effectiveness of this equipment
for university students, or for personnel on the ground (unmounted) is unsupported by the evidence of
injury types presented in the current study and others [13,19,20]. However, the two incidents involving
horse riding as part of animal husbandry activities, indicates that their proactive use in this situation is
prudent. It is the authors’ view that in addition to relying upon protective equipment (where evidence
for its use exists), the emphasis placed on educating university students about occupational safety
requirements, and specific preventative measures relevant to horse handling and interaction should be
maintained [10,13,18].

Overall, these differences between the mechanism, bodily location, and nature of injuries between
the populations highlight the markedly different characteristics of injury risk and type for university
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students, and the need for focused study of the risks to this group [2,17]. Recommendations regarding
injury prevention therefore need to be specifically focused on addressing the risks faced by student
in university programs. Ideally these should encompass considerations of the specific interactions of
students with horses, rather than generally applying those of populations engaged in the equine industry
professionally or recreationally [15,16,18]. Not only does this refer to technical risk mitigation, but also
socio-cultural mitigation in relation to less tangible risks such as student-specific authority gradients that
may discourage students following safety protocol during extramural placements [13,17].

The sample response rate was considered representative of the study population. However caution
should be exercised in the broader application of these findings. The survey was retrospective and
self-reported, comprising stated attitudes and behaviors within an Australian cultural context, and
relied on the ability of the students to recall the details of incidents. Prospective data collection
using a standardized approach is recommended to evaluate incidents and near misses, as well as the
socio-cultural aspects of accident and safety culture [13], and attitudes among students across programs,
institutions and time.

5. Conclusions

Students engaged in university programs involving equine husbandry and veterinary education are
at risk of injury, particularly when specific cohorts are engaged in extramural activities. However,
injuries are generally not severe in nature, and students report that they normally recovered fully. Based
upon injury patterns reported, consideration should be given to the use of protective boots, gloves,
and possibly padded coveralls for on-campus and extramural equine-related learning activities. From
this report describing the types of HRI in students, it is evident that published data for the practicing
veterinarians, equine industry, or equestrian populations should not be relied upon make assumptions
about the incidence, nature, and risk of injury to this population. Further study of animal associated risks
to students during their education is warranted, and should acknowledge and address the social as well
as technical dimensions of safety and risk management [13].
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Abstract: Background: There is no comprehensive study of the costs of horse-related
workplace injuries to Australian Thoroughbred racing jockeys. Objectives: To analyse
the characteristics of insurance payments and horse-related workplace injuries to Australian
jockeys during Thoroughbred racing or training. Methods: Insurance payments to Australian
jockeys and apprentice jockeys as a result of claims for injury were reviewed. The
cause and nature of injuries, and the breakdown of payments associated with claims were
described. Results: The incidence of claims was 2.1/1000 race rides, with an average
cost of AUD 9 million/year. Race-day incidents were associated with 39% of claims, but
52% of the total cost. The mean cost of race-day incidents (AUD 33,756) was higher than
non-race day incidents (AUD 20,338). Weekly benefits and medical expenses made up the
majority of costs of claims. Fractures were the most common injury (29.5%), but head
injuries resulting from a fall from a horse had the highest mean cost/claim (AUD 127,127).
Conclusions: Costs of workplace injuries to the Australian Thoroughbred racing industry
have been greatly underestimated because the focus has historically been on incidents that
occur on race-days. These findings add to the evidence base for developing strategies to
reduce injuries and their associated costs.

Keywords: injury; jockey; horse; economic; costs; insurance
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1. Introduction

Thoroughbred racing is a popular sport and major industry, and makes a substantial contribution
to the Australian economy. In 2005–2006 the Thoroughbred racing industry provided over 64,000
full-time-equivalent jobs, generated more than 5 billion Australian dollars (AUD) and contributed more
than AUD 1 billion in government taxes to the Australian economy [1]. In the 2009–2010 race season,
Australia had 374 race clubs that conducted 2694 race meetings and 19,376 races, with 194,736 starters
vying for over AUD 427 million in prize money [2].

In Australia, approximately 1000 jockeys are licensed to ride in races annually [2], and for them, it
is a dangerous occupation. Jockeys in Australia experience an average of one fall every 240 rides in flat
racing, with a third of such falls resulting in injury [3]. A fall can be catastrophic, resulting in the end of
the jockeys’ career or even death [3–5] An Australian Jockeys’ Association survey conducted in 2010,
reported that, in the 12 months prior to the survey, at least 50% of jockeys who completed the survey
had sustained an injury and 40% had experienced a fall that prevented them from riding [6]. As 41%
also reported having no private health insurance and 22% no superannuation, many are dependent on
coverage from workers’ compensation [6].

As employees of their relevant Principal Racing Authority (PRA), jockeys unable to earn a living
because of work-related injury are provided with near-full income replacement for a defined period.
Although conditions and entitlements vary between jurisdictions, a lump sum or periodical payment
may be provided for permanent impairment, and where injuries result in death, funeral costs and
weekly payments for dependents are also provided [7]. The Personal Accident Insurance (PAI) cover
for all jockeys and apprentices, introduced in 2009 [8], funded by a 1% levy on the winnings of all
Thoroughbred races [9], is now an important safety net for jockeys with low earnings.

Despite the contribution that horse racing makes to the Australian economy, and not withstanding a
study of workers’ compensation costs from Victoria [10] and studies in Britain [4,5], there has been no
national study of the economic impact of injuries to Australian jockeys. This study of Australian workers
compensation authority (WorkCover) data, on claims for horse-related injuries to licensed Thoroughbred
racing jockeys, was undertaken to provide national data on this topic.

2. Methods

2.1. Sources of Data

The Australian Thoroughbred racing industry comprises eight PRAs representing each state or
territory of Australia: Racing Victoria Limited; Racing New South Wales; Thoroughbred Racing South
Australia Limited; Racing Queensland Limited; Racing and Wagering Western Australia; Tasracing;
Thoroughbred Racing Northern Territory and Canberra Racing Club.

With permission from the relevant PRA, a proforma spreadsheet, requesting information on all
workplace insurance claims by licensed Thoroughbred racing jockeys for the period 1 August 2002
to 31 July 2010, was sent to the WorkCover authority in each jurisdiction and the national PAI scheme.
Information requested included: the age, sex and experience of the jockey (apprentice/jockey/jumps);
the date and a description of the incident; the injury sustained, any absence from work and the (direct)
costs associated with the claim.
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Introduction of workers’ compensation for jockeys was piecemeal across the states and territories of
Australia. In Western Australia (WA) and the Northern Territory (NT), workers compensation cover for
jockeys was introduced in 2003 and 2004 respectively, while jockeys in Tasmania and South Australia
(SA) were not covered until 2007, therefore data for the whole study period were not available for all
jurisdictions. In addition, Queensland data for the period 1 July 2004 to 30 June 2005 were not available.

Ethics approval was granted by the Social Sciences Human Research Ethics Committee, University
of Tasmania (Reference H0011786).

2.2. Analysis

Descriptive analyses of the costs of claims for workplace injuries (WorkCover claims) to licensed
jockeys and apprentices were performed. Total costs, mean and standard deviations (SD) are reported.
In addition, because a few outliers had a great effect on mean values, median and interquartile
ranges (IQR) of distribution are also presented.

As only the cost of claims made to the jockeys’ PAI fund were provided for the 2009–2010 season,
more detailed analyses of these data were not possible.

The incidence and costs of WorkCover claims per race meeting and ride were calculated using
denominator data obtained from the Australian Racing Fact Book 2010 [2]. Claim incidence was
calculated using the relevant years’ denominators only where a full year of claim data were available.

Claims were stratified according to whether the corresponding incident occurred on a race-day or
elsewhere (grouped as “race-day” or “other”) and whether it was a consequence of a fall from a
horse (grouped as “fall” or “non-fall”). The nature and site of injuries were reviewed and in a subset of
claims with details available (WA, Queensland, Tasmania and Victoria); the costs associated with each
type of claim were reported.

Prior to analyses, payments were adjusted for inflation to 2011 values using the state and territory
specific average weekly earnings for full-time adult persons’ ordinary time earnings at August 2011 [11].

Differences between groups were determined using Wilcoxon rank sum test (for medians) and tests of
the equality of proportions and one sample students’ t-tests for comparison of means, where appropriate.
All analyses were conducted with STATA 12.0 (StataCorp, College Station, TX, USA) with statistical
significance at p < 0.05.

3. Results

3.1. Overview of Frequency and Cost of Claims

After exclusion of non-horse related claims (n = 43), claims with no cost attached (n = 193) or
where misclassification of jockey status was suspected, data from 2817 Australian jockeys’ workers
compensation claims and 115 PAI claims were available for the period 1 August 2002 to 31 July 2010.

The number, total annual cost, and mean and median cost of WorkCover claims in each state per year
are presented in Table 1. With the exception of WA, the cost of claims fluctuated considerably between
racing seasons. Overall, the costs of WorkCover claims for horse-related workplace injuries to jockeys
cost the Thoroughbred racing industry at least AUD 72.1 million for the eight year study period, an
average of AUD 8.6 million per annum based on the last three years where claims data were available
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for all states and territories. Furthermore, in the first year of the Jockeys’ PAI scheme (2009–2010), 100
claims amounting to AUD 3.3 million were made.

Overall, 39.3% of claims and 51.8% of the total cost of claims were associated with race-day
incidents. The mean (AUD 33,756; SD 200,543) and median (AUD 4365; IQR 1104–18,379) costs
of race-day incidents were higher than non-race day incidents (AUD 20,338; SD 77,160 and median
AUD 3172; IQR 855–12,273).

The incidence of claims according to the number of race meetings and rides in each state are presented
in Table 2. Based on the data available for the study period, the overall incidence of claims was around
2.1 per 1000 rides (range 1.43–3.13). The incidence of claims associated with race-day and non-race
day incidents was significantly lower than average in Victoria (p < 0.001), while SA and WA had a
significantly higher than average incidence of total (both p < 0.001) and race-day claims (p < 0.001 and
p = 0.020 respectively).

Overall, the mean costs of race-day and non-race day incidents over the years of the study were
similar. However, between states there were considerable differences in the costs associated with
race-day and other associated claims.

3.2. Causes of Claims

Where the status of the jockey was known, 21.9% (22.1% race-day, 21.8% other) of compensation
claims from Victoria and 17.4% (17.1% race-day and 17.5% other) from SA were made by jumps
jockeys. Overall the mean (AUD 45,831; SD 134,720) and median (AUD 6291; IQR 2137–25,156)
costs of the 128 claims by jumps racing jockeys was significantly higher (p < 0.001) than the 2659
claims by flat racing jockeys (mean AUD 24,672; SD 140,321; median AUD 3515; IQR 903–13,887).
Such claims accounted for AUD 5.7 million (19.6%; 15.2% of race-day associated and 25.1% of other
claims) and AUD 111,974 (11.3%; 26.8% of race-day associated and 4.5% of others) of the total cost of
claims for Victoria and SA respectively.

The proportion of claims associated with falls from a horse were similar for racing (76.4%) and other
riding activities (80.2%) however only 846 (30%) of 1976 claims associated with a jockey fall from a
horse only were race-day falls (Figure 1). The mean costs of a race-day fall (AUD 29,250; SD 92,879)
was significantly higher (p < 0.001) than falls sustained during other riding activities (AUD 16,519;
SD 57,082), but there were no significant differences between the median costs (race-day median
AUD 5343 and IQR 1060–22,214; other riding median AUD 2811 and IQR 707–10,841). For incidents
that did not result in a fall from a horse, there was no statistically significant difference between the
mean (AUD 10,399; SD 22,025) or median (AUD 1968; IQR 494–9032) costs of race-day incidents or
those occurring during other horse-related activities (mean AUD 10,074; SD 27,290; median AUD 2014;
IQR 470–7773).
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Figure 1. Breakdown of total costs of claims, by jurisdiction, according to whether the claim
was a consequence of a fall or non-fall.

3.3. Injuries Associated with Claims

Where information was available, there were some differences in the causes of injury between
race-day and other incidents. Jockey and or horse falls (74.1% vs. 67.9%), hitting the barriers or running
rail (11.7% vs. 4.5%), being kicked or struck (2.7% vs. 9.6%), or trampled (1.2% vs. 5.4%) by a
horse respectively.
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A similar proportion of race-day and other claims were associated with strain injuries (4.4% and
5.8%), being crushed or rolled on by a horse (1.7% and 2.1%), being bitten (0.2% and 0.2%), struck by
the horses’ head (3.1% and 4.0%) and being dragged by the foot (0.3 and 0.4%), respectively. Where no
fall was indicated, three quarters of claims were attributed to jockeys hitting fences or barriers (29.3%),
being kicked or struck by a horse (20.1%), strain injuries (20.3%) or being hit by the horses’
head (15.0%). The latter was the main contributor to a significantly greater proportion of claims for facial
injuries being associated with non-falls compared to falls (15.0 vs. 6.8%, p < 0.001). Lower limb injuries
were also more frequently associated with incidents where no fall was reported (35.7% vs. 26.4%,
p < 0.001), while falls were associated with more intracranial injuries (5.5% vs. 1.8%, p < 0.001), neck
or shoulder injuries (4.9% vs. 2.5%, p = 0.001), and multiple injuries (8.2% vs. 2.9%, p < 0.001).
Otherwise, the distribution of other injuries associated with falls and non-falls was comparable: back,
8.0% and 9.9%; chest and trunk, 7.6% and 7.5%; and upper limbs, 30.2% and 24.7%, respectively.
Overall, fractures were the most common injury. When further investigated, the proportion of claims
attributable to fractures was significantly higher in Victoria (37.3%) and the NT (35.7%) than elsewhere
(NSW, 28.4%; QLD, 26.5%; SA, 22.7%; TAS, 14.8% and WA 16.7%). In addition, compared to flat
racing jockeys, a greater proportion of jumps racing jockeys’ claims were for fractures (26.1% vs. 44.5%,
p < 0.005).

With the exception of intracranial injuries, where there was a disproportionate high cost for the
number of incidents associated with a fall (p < 0.001), the distribution of injuries associated with fall
and non-fall claims were similar (Table 3) and the median cost of injury claims were of a similar order
of magnitude.

3.4. Indirect Costs of Injury

Three claims were associated with a fatal injury. Amongst those with non-fatal injuries, the mean
absence from work was 45 days (SD 119) and this was greater for jumps racing than flat racing jockeys
regardless of whether the incident resulted in a fall (78 days, SD 172 vs. 56 days, SD 139 p < 0.001)
or not (112 days, SD 252 vs. 36 days, SD 81, p < 0.001). Vertebral fractures and intracranial injuries
secondary to a fall were associated with the greatest number of days off work (Table 3).

3.5. Breakdown of Direct Costs

Excepting race-day falls in Victoria and WA, which accounted for 44% and 36% of the claims
respectively, the majority of the total costs of compensation were for weekly benefits, regardless of the
venue or cause of the claim. When documented, around 10% of the total costs of insurance claims were
attributed to lump sum payments and 20% to payments for medical services (medical professionals and
hospital expenses). Other miscellaneous costs including legal fees, common law payment, investigation
costs varied considerably between states. In Victoria, 51% of the total cost of WorkCover claims is a
Statistical Case Estimate (SCE). The SCE is attributed to each claim to take account of the long-term
implications of compensation. After exclusion of SCE from the analysis, the distribution of costs
associated with Victorian claims was comparable to other states.

198



A
ni

m
al

s
20

15
,5

90
5

Ta
bl

e
3.

T
he

nu
m

be
ro

fn
on

-f
at

al
in

ju
ri

es
,a

nd
to

ta
l,

m
ea

n
an

d
m

ed
ia

n
co

st
s(

A
U

D
10

00
s)

,a
ss

oc
ia

te
d

w
ith

w
or

ke
rs

’c
om

pe
ns

at
io

n
cl

ai
m

s
ac

co
rd

in
g

to
w

he
th

er
or

no
tt

he
in

ju
ry

w
as

su
st

ai
ne

d
as

a
re

su
lt

of
a

fa
ll

fr
om

a
ho

rs
e

or
w

he
re

no
fa

ll
w

as
in

di
ca

te
d.

Ty
pe

of
In

ju
ry

a
In

ci
de

nt
sA

ss
oc

ia
te

d
w

ith
a

Fa
ll

N
o

Fa
ll

In
di

ca
te

d
N

(%
To

ta
l)

To
ta

lC
os

t
(%

O
ve

ra
ll

C
os

t)
M

ea
n

C
os

t
(S

D
)

M
ed

ia
n

C
os

t
(I

Q
R

)
D

ay
sL

os
ta

(S
D

)
N

(%
To

ta
l)

To
ta

lC
os

ts
(%

O
ve

ra
ll

C
os

t)
M

ea
n

C
os

t
(S

D
)

M
ed

ia
n

C
os

t
(I

Q
R

)
D

ay
sL

os
te

(S
D

)

Fr
ac

tu
re

s
b

57
4

(2
9.

1)
20

,6
74

(3
5.

2)
36

.0
(7

6.
1)

14
.1

(6
.0

,3
3.

6)
74

(1
09

)
19

4
(2

3.
1)

51
37

(3
8.

5)
26

.5
(1

11
.5

)
8.

4
(2

.6
,2

0.
3)

50
(8

7)
Sp

ra
in

s,
St

ra
in

s
39

9
(2

0.
2)

58
43

(9
.9

)
14

.6
(4

1.
0)

2.
2

(0
.7

,9
.4

)
29

(8
8)

13
6

(1
6.

2)
14

24
(1

0.
7)

10
.5

(2
4.

3)
2.

0
(0

.4
,1

0.
5)

26
(7

1)
C

on
tu

si
on

&
cr

us
hi

ng
34

8
(1

7.
6)

47
81

(8
.1

)
13

.7
(9

2.
8)

1.
3

(0
.4

,4
.0

)
24

(1
41

)
14

2
(1

6.
9)

10
24

(7
.7

)
7.

2
(2

6.
4)

1.
0

(0
.3

,3
.2

)
22

(9
0)

M
us

cl
e/

te
nd

on
in

ju
ry

27
7

(1
4.

0)
42

53
(7

.2
)

15
.4

(5
4.

9)
2.

6
(0

.8
,6

.9
)

37
(8

9)
16

5
(1

9.
6)

28
17

(2
1.

1)
17

.1
(5

9.
5)

1.
9

(0
.7

,8
.8

)
50

(1
23

)
In

tr
ac

ra
ni

al
in

ju
ry

c
10

5
(5

.3
)

13
,3

48
(2

5.
0)

12
7.

1
(6

11
.2

)
3.

0
(1

.0
,8

.5
)

82
(2

95
)

23
(2

.7
)

10
5

(0
.8

)
4.

6
(7

.1
)

1.
2

(0
.2

,4
.4

)
14

(3
3)

Su
pe

rfi
ci

al
in

ju
ry

39
(2

.0
)

28
1

(0
.5

)
7.

2
(2

2.
9)

0.
9

(0
.3

,2
.8

)
17

(5
4)

19
(2

.3
)

97
(0

.7
)

5.
1

(8
.0

)
0.

4
(0

.2
,1

2.
2)

23
(4

7)
V

er
te

br
al

fr
ac

tu
re

/s
pi

na
li

nj
ur

y
d

52
(2

.6
)

36
76

(6
.3

)
70

.7
(1

17
.3

)
18

.2
(6

.8
,8

6.
6)

11
6

(1
53

)
11

(1
.3

)
11

05
(8

.3
)

10
0.

5
(1

92
.3

)
18

.0
(4

.1
,1

78
.8

)
16

8
(2

56
)

O
pe

n
W

ou
nd

,n
o

am
pu

ta
tio

n
26

(1
.3

)
15

4
(0

.5
)

5.
9

(1
0.

6)
3.

3
(0

.8
,5

.5
)

21
(5

7)
43

(5
.1

)
19

7
(1

.5
)

4.
6

(1
2.

5)
1.

3
(0

.5
,4

.1
)

9
(3

7)
D

is
lo

ca
tio

n
43

(2
.2

)
10

89
(1

.9
)

25
.3

(3
6.

4)
12

.2
(3

.0
,3

1.
4)

73
(1

13
)

19
(2

.3
)

49
7

(3
.7

)
26

.2
(3

1.
3)

9.
8

(8
.3

,5
0.

1)
63

(1
09

)
M

ul
tip

le
in

ju
ri

es
31

(1
.6

)
10

42
(1

.8
)

33
.6

(6
2.

4)
14

.1
(2

.9
,3

7.
8)

74
(1

18
)

10
(1

.2
)

94
(0

.7
)

9.
4

(7
.7

)
8.

2
(3

.0
,1

2.
6)

25
(2

8)
O

th
er

an
d

un
sp

ec
ifi

ed
in

ju
ri

es
78

(3
.9

)
23

23
(4

.0
)

29
.8

(1
15

.0
)

2.
1

(0
.6

,8
.8

)
35

(1
01

)
79

(9
.4

)
83

5
(6

.3
)

10
.6

(4
5.

0)
2.

3
(0

.4
,8

.2
)

9
(2

1)
O

ve
ra

ll
19

72
(1

00
)

58
,7

99
(1

00
%

)
29

.8
(1

60
.4

)
4.

2
(1

.1
,1

7.
1)

49
(1

28
)

84
1

(1
00

)
13

,3
33

(1
00

%
)

15
.9

(6
7.

6)
2.

7
(0

.7
,1

0.
2)

35
(9

7)

a
E

xc
lu

de
s

id
en

tifi
ed

fa
ta

lit
ie

s
(3

In
tr

a
cr

an
ia

li
nj

ur
ie

s,
to

ta
lc

os
tA

U
D

1,
33

5,
65

9
av

er
ag

e
co

st
pe

rc
la

im
A

U
D

44
5,

21
9

SD
39

0,
25

3)
an

d
on

e
cl

ai
m

fo
rr

ep
la

ce
m

en
t

of
a

pe
rs

on
al

ai
d;

b
D

oe
s

no
ti

nc
lu

de
ve

rt
eb

ra
lf

ra
ct

ur
es

;c
In

cl
ud

es
co

nc
us

si
on

;d
In

cl
ud

es
2

sp
in

al
in

ju
ri

es
:1

as
so

ci
at

ed
w

ith
a

fa
ll,

1
w

ith
no

fa
ll

in
di

ca
te

d;
e

D
ay

s
lo

st
ba

se
d

on
18

84
fa

lls
an

d
76

5
no

n
fa

lls
w

ith
da

ta
av

ai
la

bl
e;

A
ll

co
st

s
ex

pr
es

se
d

as
A

U
D

ˆ
10

00
,i

n
20

11
va

lu
es

.

199



Animals 2015, 5 906

4. Discussion

Between 1 August 2002 and 31 July 2010, the direct cost of workplace injuries to jockeys and
apprentice jockeys was at least AUD 9 million per annum. Less than half (41%) of the WorkCover
claims made by jockeys were the result of an incident at a race meeting.

As individual claims had a large effect on the total cost (particularly in smaller jurisdictions), and
because of missing data from some jurisdictions, we were unable to evaluate any trends in the costs
of insurance claims over time. Differences observed in the incidence and costs of claims between
jurisdictions may be related to the different types of racing in each jurisdiction. Only three states
conducted jumps racing during the study period (VIC, SA and TAS), and the overall mean cost of
claims by jumps jockeys was higher than for flat racing jockeys. This may reflect the severity of injuries
experienced by jumps jockeys, and is apparent in the higher cost per claim in Victoria, where most jumps
races are held. These findings are consistent with other studies which have found that, although jumps
racing jockeys have a higher incidence of falls, and a lower rate of injury per fall [12–14], their injuries
tend to be more severe. A study of insurance payments to injured jockeys in Great Britain reported that
compensation for jumps jockeys was almost twice that of flat racing jockeys [5].

Previous studies of the safety of Victorian race tracks [15,16] identified a number of risk factors for
injury and made recommendations on how the incidence of workplace incidents might be reduced. The
lower incidence of claims in Victoria relative to other states may be a reflection of the increased focus
on injury prevention in that state.

The mean costs of claims resulting from a race-day fall or other incident were higher than those
that did not occur on race-day. However, as there were a greater number of non-race day incidents,
the overall costs of claims from race-day and non-race day incidents were comparable. This indicates
that any estimation of the costs of jockeys’ compensation claims based solely on race-day claims would
underestimate the financial burden to the racing industry of injuries to jockeys. This result is in agreement
with two other recent investigations of the Victorian Thoroughbred racing industry where about one third
of jockey falls were associated with training activities [10,17]. The higher overall incidence of non-race
day related claims compared to other studies [10,17] is a new finding. It is possible that that there may
have been some misclassification of employment status in our data (70% of insurance claims made to
the Victorian WorkCover Authority have previously been identified as being made by track riders and
stable assistants) [10]. However, our conclusions were unchanged when the analysis was restricted to
jurisdictions where jockey status was well characterised (WA).

As observed by others [3,10,17], regardless of whether the incident occurred on a race-day or involved
a fall, the most common sites of injury to jockeys were the lower and upper limbs (>49%). Head injuries
were less common but they were associated with a higher mean claim costs and more days off work. For
incidents that did not result in a fall, facial injuries were also common. As most epidemiological studies
of injuries to jockeys concentrate on falls, facial injuries as a consequence of being hit in the head by the
horse have not received much attention to date. However, although the costs associated with them might
be low, it may be pertinent to consider incorporating facial protection into helmet design in addition to
maximizing protection from the impact of a fall.

Of concern are the results from a questionnaire completed by jockeys that indicated that many
experience workplace injuries but do not report or make a WorkCover claim because a certain amount

200



Animals 2015, 5 907

of injury is accepted as part of the job [17]. In the same questionnaire jockeys reported that they had
at least 5 weeks per year off as a consequence of workplace injury [17]. This is comparable with the
average absence observed in these data (6.4 weeks) if we assume that each jockey makes only one claim
per year.

One of the main limitations to this study of costs is data quality. Inconsistencies in scheme funding,
incident documentation, coding methodology and the breakdown of costs associated with claims,
apparent in this study, could result in misclassification of incidents.

In response to previous studies highlighting the scarcity of comprehensive data on jockey accidents in
Australia [17], an industry database was developed to facilitate standardised documentation of injuries
to workers, and horses, at any horse racing facility and improve ascertainment of injury incidence and
to identify potential risk factors. When the web-based Australian Racing Injury Database (ARID) was
piloted in Victoria and NSW, 115 ARID incident reports were received for the 2008–2009 season [17].
The proportion of these that were race-day events (73%) was in agreement with the number of jockeys
in the AJFD in these states (n = 84) who were declared unfit to ride or were taken to hospital after a
fall. Combining information from ARID with insurance claims may provide a clearer and consistent
picture of the incidence and costs of horse-related injuries to jockey (and other industry workers)
throughout Australia.

5. Conclusions

Considerable interest and emphasis on the human, equine and monetary costs associated with
incidents occurring during races highlights the need to improve safety measures in the horse-racing
industry. However, in this study, less than half of the compensation claims were associated with race-day
injury. The ARID reporting system may help determine the true incidence of workplace injury in this
industry, but monitoring costs associated with workplace injury may provide an additional means of
assessing the effectiveness of interventions aimed at risk reduction [15,17].
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Simple Summary: Riding horses on roads can be dangerous, but little is known about
accidents and near misses. To explore road safety issues amongst Australian equestrians, we
conducted an online survey. More than half of all riders (52%) reported having experienced
at least one accident or near miss in the 12 months prior to the survey, mostly attributed to
speed. Whilst our findings confirmed factors identified overseas, we also identified issues
around road rules, hand signals and road rage. This paper suggests strategies for improving
the safety of horses, riders and other road users.

Abstract: Horse riding and horse-related interactions are inherently dangerous. When they
occur on public roads, the risk profile of equestrian activities is complicated by interactions
with other road users. Research has identified speed, proximity, visibility, conspicuity and
mutual misunderstanding as factors contributing to accidents and near misses. However,
little is known about their significance or incidence in Australia. To explore road safety
issues amongst Australian equestrians, we conducted an online survey. More than half of all
riders (52%) reported having experienced at least one accident or near miss in the 12 months
prior to the survey. Whilst our findings confirm the factors identified overseas, we also
identified issues around rider misunderstanding of road rules and driver misunderstanding
of rider hand signals. Of particular concern, we also found reports of potentially dangerous
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rider-directed road rage. We identify several areas for potential safety intervention including
(1) identifying equestrians as vulnerable road users and horses as sentient decision-making
vehicles; (2) harmonising laws regarding passing horses; (3) mandating personal protective
equipment; (4) improving road signage; (5) comprehensive data collection; (6) developing
mutual understanding amongst road-users; (7) safer road design and alternative riding
spaces; and (8) increasing investment in horse-related safety initiatives.

Keywords: horse-rider; road safety; decision-making vehicle; risk; Australia

1. Introduction

The equine industry is essential to the social and economic wellbeing of Australia. “It is estimated to
generate approximately AUS $9 billion each year and employ tens of thousands of people” [1]. About
one third of this contribution is attributed to the non-racing sector [2], in which a quarter of a million
Australians participate [3]. As well as contributing to the Australian economy, horse ownership and
interactions provide numerous benefits for physical, psychological and social health [4]. However, these
benefits come at tragic human cost. Approximately 20 Australians die from horse-related accidents per
year [5]. “One worker is hospitalised each day in Australia due to a horse related injury. For every worker
injured another nine non workers are injured” [6] (p. 2). The repercussions can be tragic: “between July
2000 to June 2012, 98 horse-related deaths occurred” (NCIS [6], p. 25).

Horse riding is undoubtedly a “high risk interspecies sport” [7] and any interaction with horses is
dangerous [8]. From the ground, horses can injure humans through biting, kicking and crushing. Even
when riding in company, riders can be kicked by other horses. Riders can be transported at speeds of up
to 60 km/h with their heads raised three metres above the ground. Upon falling, they may be crushed
by their half tonne mount or trampled by other horses (as is common amongst jockeys). It is no surprise
that recent calls have been made for a greater understanding of the objective and subjective elements of
horse-related risk and equestrian risk-perception [9].

When riders and horses interact on public roads shared with other road users, their vulnerability to
injury or death is magnified. Unlike passengers in vehicles, riders are unrestrained. They can be hit by
vehicles moving at high speeds, and/or thrown into oncoming traffic, jeopardising the safety of other
road users. Although the definition of vulnerable road user (VRU) specifically mentions “pedestrians,
pedal cyclists and motorcyclists”, a horse/rider could easily be included due to their lack of a “hard metal
shell” and their sensitivity to injury in the event of a collision or incident. VRUs are thought to be the
“most sensitive to road injury” [10] (p. 1). Five interrelated factors contribute to VRU near misses and
accidents: speed, proximity, visibility, conspicuity and mutual misunderstanding.

The sudden or close passing of a vehicle may trigger a horse’s dangerous flight response, causing
them to bolt blindly forward or veer into traffic [11]. The main causes of 17 horses being killed in the
United Kingdom in 2011 following collisions with cars were the “vehicle travelling too close/at speed
or the horse becoming spooked” [12]. Sometimes the cause of a near miss or accident arises from a
lack of visibility, referring to a drivers’ “range of unobstructed vision” [13]. This may be due to a driver
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rounding a blind corner on the road and quickly coming upon a horse rider. A lack of conspicuity can
also be a problem, referring to horse and rider being “clearly discernible” [13]. A driver may not see
the horse/rider due to shadows, glare, clothing/coat colour of the horse and rider or other factors. Whilst
research in the UK found no significant relationship between the wearing of fluorescent or reflective
clothing and the number of near misses experienced by a rider, it did find a significant relationship
between riders wearing lights and the incidence of near misses [14]. Riders wearing some form of
lights experienced significantly less near-misses than other riders, whether wearing fluorescent/reflective
clothing or not. A study from the UK suggests that the root cause of accidents between horse-riders and
other road-users may be due to differences in hazard and risk perception, attributed to a lack of empathy.
The researchers found that “drivers with horse riding experience or those with family or close friends
who rode horses, showed greater ability to consider the scene from both perspectives” [15].

Whilst a UK survey of horse riders found that 60.3% of participants (n = 257) had experienced at least
one near miss or accident in the year prior [14], data on the incidence of horse-related road accidents in
Australia is limited. One reason for this is variable detail in admissions data from hospitals, although
one study estimated that at least 8% of the 20 horse-related deaths each year in Australia occurred
on roads (Cripps 2000) [5]; another is the inconsistent recording of large animal rescues by emergency
services [16,17], especially those involving extricating horses from vehicle wrecks. Where police records
are kept, European research has highlighted massive underreporting of VRU injury in police reports,
sometimes as low as 12% [13]. However, the issue of horse-related road accidents is of increasing
concern as peri-urban development in Australia could lead to a rise in the frequency of interactions
between equestrians and other road users. This is particularly concerning given that data collected by
the Victorian Injury Surveillance System two decades ago suggested that 16% of horse riding injuries
occurred on public roads [18]. The risk is not only to equestrians. The implications for drivers can also
be tragic [19].

One area of potential conflict between equestrians and other road users relates to inconsistencies in the
application of national road rules, and legacy issues related to times when horses were more commonly
ridden or driven on public roads and eight different sets of road rules prior to the Australian Road
Rules being first published in 1999 [20]. Whilst horses are not mentioned specifically in the Australian
Road rules (1999), Part 18, Division 2 comprises three “rules for people in charge of animals”. Across
Australia, horses are allowed on footpaths and nature strips (subject to some conditions), may be ridden
two abreast (under some conditions) and must keep left when using a roundabout while giving way to all
exiting traffic. The road rules refer to horses indirectly as an animal, with the following two exceptions.
The Victorian Road Rules stipulate that any rider under the age of 18 riding a horse on a road must wear
a helmet while the Queensland Road Rules require that, on receiving a signal from the person in charge
of a restive horse on the road, a driver must keep as far left as practicable, stop the vehicles engine and
“not move the vehicle until there is no reasonable likelihood that the noise of the motor, or the movement
of the vehicle, will aggravate the restiveness of the horse” [21].

Whilst the piecemeal research overviewed here provides some information on horse-riders as
vulnerable road users, little is known about incidence and contributing factors for accidents and near
misses to horse riders on Australian roads. Moreover, little is known about rider understanding of road
rules. To provide a preliminary overview, horse riders were invited to take part in a pilot survey.
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2. Experimental Section

2.1. Materials and Methods

An online survey was conducted in consultation with the Executive Officer of the South Australian
Horse Federation who commissioned the research. Surveys were designed to elicit information
specifically regarding the roads that the rider frequented with their horse, any near misses or accidents in
the preceding 12 months and the cause of the incidents as well as any suggestions for improving safety.
The survey was open for 13 days in May 2014 and included the following six open-ended questions:

(1) Do you ride or lead horses on public roads or road related areas?
(2) Please name the roads and area in which you do the majority of your riding.
(3) Have you had any accidents or near misses on these roads in the last 12 months? If so, please

describe what happened and include any suggestions for road design or rule improvement that
may have helped prevent this from happening.

(4) Have you got any suggestions for updates to the Australian Road Rules you would like to see in
relation to the riding or driving of horses? If so, please explain.

(5) Do you have any suggestions for road related infrastructure design or signage that would make
roads more horse rider friendly?

(6) Any other suggestions you have to improve general road safety for horse riders on roads?

The survey was digitized using Survey Monkey and the link posted to the “Sa-Horse Federation”
Facebook page (approximately 5000 “likes”). It was also made available on the Horse SA website with
a link to the page posted in the Horse SA newsletter (approximately 1600 primary recipients).

2.2. Participants

One hundred and forty seven equestrians who ride or lead horses on public roads or road related areas
responded to the survey. Almost half (48%) were from South Australia, 28% were from Victoria, 12%
were from New South Wales, 4% were from both Queensland and Tasmania, 2% were from Western
Australia, 1% were from both the Northern Territory and England while the final 1% did not specify.
Participants were not asked to provide their age or gender.

2.3. Analysis

This paper reports on the responses to all questions except Question 2, which is most relevant to
a local audience and the results of which could jeopardise the anonymity of respondents. Although
questions 4–6 specifically asked for road rule change suggestions, signage change suggestions and
any other suggestions in separate questions, respondents did not, on the whole, distinguish between
these categories in their responses. These responses were therefore collated for ease of analysis
and interpretation.

Whilst respondents were restricted in the amount of open-text responses they could provide, there
was sufficient data to apply a modified qualitative data analysis approach based on systematic reading
of the data, recording of issues and basic organization of findings around the research questions [22].
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Issues identified in open text fields were subject to descriptive statistical analyses for ease of reporting.
Where informative, these statistics are illustrated and expanded upon with selected quotations reproduced
verbatim from open-text response fields.

3. Results

3.1. Rider-Reported Contributory Factors and Suggestions

Just over half of all riders (52%) reported being involved in at least one near-miss or accident
within the 12 months prior to the survey. They were able to specify multiple causes for their
accident(s)/near-misses. Speed was the most often cited contributor to near-misses or accidents (72%),
operationalized in analysis as a vehicle passing a horse and rider at a greater speed than the rider felt
safe/comfortable with. For example,

My horse spooked at a ute [utility vehicle] that was flying towards us on a dirt road, even
though I was signaling for him to slow down [an arm extended to the left and moved up and
down]. He didn’t stop until my horse stepped out in front of him

Vehicles move to other side of the road but continue to do same speed (80–100 kph)
even when I’m wearing hi vis [high visability clothing] and signaling for [the] driver to
slow down.

Some riders attributed a lack of speed reduction by a driver to their lack of understanding of the
unpredictably nature of horses:

A horse can spook and put the driver is a precarious position if the horse kicks out or worse
jumps on the car. Most drivers have not a clue the danger they put themselves in by passing
a horse at speed

There seems to be a lack of understanding by the average driver about the athleticism
and unpredictable nature of horses. Simply overtaking on a country road and continuing
sometimes at 80+ ks is a serious risk which I experience with some regularity

Most drivers are not aware of how to behave around a horse and assume that if the horse is
on the road that it is completely bombproof to traffic.

Other rider-reported factors contributing to near misses were loud noises (17%), including beeping
horns, revving engines, yelling; and “close” proximity (18%), defined as passing a horse and rider at a
smaller distance than the rider felt safe/comfortable with. For example,

[A] driver tried to pass me, very close, as my horse was baulking at something on the road.
Fortunately she was going very slowly and although my horse backed into her car there was
no major damage to either party.

Eleven per cent of riders cited a lack of visibility, where they did not believe they were seen, due to
local geography or driver inattention. Fourteen per cent cited a lack of space, where they felt forced to
ride on the road due to the lack, or unsuitability, of the nature strip. Eight per cent cited noncompliance
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with road rules, where they believed drivers were not obeying the road rules (excluding speeding).
Four per cent cited bicycles, where a bicycle approached the horse and rider from behind and passed
without warning where the horse and rider were unaware of its presence, and five per cent cited the
horse spooking at an animal/object not associated with the traffic. One per cent cited “other” without
further specification.

As illustrated in the quotation below and throughout many of the quotations in this paper, many rider
respondents reported failed attempts to signal to drivers to slow down:

When I signal to drivers to slow down they sometimes completely ignore me even if I am
clearly having trouble with my horse.

This quotation demonstrates the ways in which some riders can assume that other road-users can
interpret their horse’s behavior as not totally under control and be aware of the implications.

Some rider respondents had been explicitly or implicitly made to feel as if they were trespassers on
the road:

... We ended up down the ditch, at which point he slammed brakes on, and abused me for
being on the road on a horse, and both drivers told me horses are not allowed on the road
. . .

Most drivers don’t think horses and riders have a right to utilise the road and I have often
been abused for being on the road.

Had people toot, rev engines, yell out windows causing my horse to react. Never been hit
but I always try to stay well off the road edge if cars are coming.

Seventeen per cent of rider respondents involved in near-misses or accidents reported being abused
by the driver of a car. Abuse of a horse and rider was defined as the rider being yelled or cursed at,
intentionally chased, having objects thrown at them or being “beeped” repeatedly.

3X the same guy has driven at me deliberately & pulled out at the last second. 1/2 full beer
bottles thrown at me & the horse, while crossing the bridge, along with having a bicycle
pass me on the inside, a car sit no more than 15cms behind the horses back legs, horns
tooted, abuse yelled to get off the road, all while crossing the bridge. A learner driver pass
me missing my right foot by mere cms, cars speed up when over taking & or drop down a
gear for more power & revved engines. So it goes on.

One responded recalled receiving abuse from a motorcycle rider:

Have had deliberate attempts to frighten my horse (Harley Davidsons revving their motors
while stationary beside me! Passengers waving and yelling as they drive past)

Another noted the difficulty of reporting offenders to police:

If there is an incident/accident the rider is usually trying to control their horse or is on
the ground after falling and there is no opportunity to get rego [registration] numbers of
drivers. No point reporting the incident to the police as the driver can’t be identified. Could
be worthwhile to have a study on where these incidents tend to happen though—riders might
report at least locations if they knew someone/police were collating data for a study.

210



Animals 2015, 5 598

3.2. Rider Understanding of Road Rules

Not all rider respondents knew the rules that applied to them when riding on the road. Such riders
either incorrectly stated that horses have right of way or described the Queensland law where a driver
must pull over and turn off their engine when a horse becomes restive. For example:

I believe a very old but valid law exists. i.e., if a motorist sees a horse fractious/frightened
he should pull over and turn off his engine (South Australian rider)

As noted above, this law exists only in Queensland. Even so, some variation of it was specifically
mentioned by nine other non-Queenslander respondents who ride horses on roads:

Drivers must give way and slow down and even stop if requested. The problem is our ability,
or lack thereof, to enforce these rules (Victorian rider)

. . . need better publishing of the existing laws—most drivers don’t know they are required
to slow down or stop if signaled (South Australian rider)

A Tasmanian respondent was under the false impression that:

a driver only has to do what a rider says if a horse becomes “Restive” meaning unsettled.
By then it’s too late!!!! The law needs to state: keep a minimum of 5 m away from the back
of a horse & a minimum of 2 m away from a horse when overtaking & a speed limit of 30 km
maximum when passing a horse . . . the law needs to be the same in all states of Australia.

As none of the questions specifically asked respondents if they believed horses had some form of right
of way on roads or if some variation of the Queensland law existed in their state, it could be surmised
that at least six per cent of rider respondents not residing in Queensland or overseas demonstrated an
incorrect perception about how the road rules relate to horses.

3.3. Rider Suggestions for Improving Safety

The survey returned a total of 295 suggestions for making roads safer for horses and riders. They
were allocated to one of the following seven categories derived inductively from the data: education
(cited by 50% of respondents), better/different signage (45%), more room for horses off roads (34%),
road rule changes (27%) helmets or high visibility equipment (22%), awareness (15%) and miscellaneous
other (8%).

Suggestions attributed to the category “education” related to having more information in the official
drivers’ handbook, more training and “better” information more readily available. The category
“awareness” refers more to raising awareness in the general population that horses are allowed to ride
on roads as well as scare campaigns. These responses were clearly aimed at television, perhaps similar
to the “Ride to Live” Campaign as mentioned by one respondent.

With regard to suggesting that riders should be encouraged to wear, or have to wear by law, high
visibility and safety clothing of some kind, some riders believed that their experience riding on the road
was more positive while they were wearing high visibility clothing.
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I believe if riders ride on the road they should wear a high vision (sic) vest. I have recently
started doing this every time I leave my property gates and I feel it makes a HUGE difference
to my safety.

Possibly consider riders wearing safety vest and/or hi viz for their horses make them more
visible. I have done this a few times now and found drivers acknowledge the risk and
slow down.

Regarding better/different signage, riders reinforced a perceived lack of understanding amongst
drivers about the nature and behaviour of horses. That is, they considered the current signage inefficient
and meaningless (see Figure 1).
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slow down.  

Regarding better/different signage, riders reinforced a perceived lack of understanding 

amongst drivers about the nature and behaviour of horses. That is, they considered the current 

signage inefficient and meaningless (see Figure 1).  

 

Figure 1. Image of sign taken at the intersection of Dressage Avenue and Pimpala Road in 

South Australia. Note the absence of a helmet from the visual image and a lack of any 

informative text. Photo Credit: Chelsea Matthews, 2015. 

Some riders recommended the addition of specific instructions to signage: 

I think a “slow when passing” or something similar in addition to the picture would be helpful. 

I think it could help to include 'Pass Slow & Wide' with the pictured horse & rider sign 

commonly used. Just telling people there are horses about doesn't help them know what  

to do. 

Maybe the yellow signs with horse pics [pictures] on them could include lower speed limit 

or state ‘reduce speed’.  

Figure 1. Image of sign taken at the intersection of Dressage Avenue and Pimpala Road
in South Australia. Note the absence of a helmet from the visual image and a lack of any
informative text. Photo Credit: Chelsea Matthews, 2015.

Some riders recommended the addition of specific instructions to signage:

I think a “slow when passing” or something similar in addition to the picture
would be helpful.

I think it could help to include “Pass Slow & Wide” with the pictured horse & rider
sign commonly used. Just telling people there are horses about doesn’t help them know
what to do.

Maybe the yellow signs with horse pics [pictures] on them could include lower speed limit
or state “reduce speed”.

One respondent provided a passionate rationale for why any changes or improvements would be
fortified by a public education campaign (caps in original):
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. . . I think the best way to achieve this is a major . . . road safety campaign that is put in
newspapers and on the television, something particularly graphic that highlights that many
of these people out there riding are young girls, mothers, daughters, brothers, sisters, uncles
etc. They are PEOPLE. And they can and will die from people doing stupid things past them.
There are numerous road safety campaigns for horses but they are all online and will only
be seen by those people looking for them, which is mainly other horse riders. This campaign
needs to reach the people who aren’t looking for it, hence suggesting mass media. A recent
Facebook post regarding a tabard with a built in camera has attracted numerous comments
from people saying they get annoyed by horse riders and deliberately speed up to teach them
a lesson and hopefully they won’t ride on the roads anymore. They need to learn that this is
ILLEGAL and could not only kill the rider but kill them too. A nice image of a driver being
taken to hospital and dying while a horses legs stick out his windscreen might go some way
to doing the trick.

This quotation demonstrates a riders’ awareness of the interdependence of rider, horse and driver
safety. Whilst riders and drivers may seem at odds when sharing roads, they have a shared responsibility
for each other’s safety.

4. Discussion

4.1. Incidents and Contributing Factors

The data suggest an incidence rate similar to the 60% reported for riders in the UK [15]. More than
half (52%) of riders had experienced at least one accident or near miss within the 12 months prior to
the survey. Based on this figure, and using a conservative estimate of 50% of the 226,100 Australians
participating in horse-riding (ABS, 2000) [3], this would suggest that around one hundred thousand horse
riders and handlers are at risk of an accident or near-miss whilst riding their horse on an Australian road.

Our findings also confirm the factors contributing to near misses and accidents identified in other
countries [15], namely speed, proximity, low visibility, low conspicuity and mutual misunderstanding.
Speed was cited as a contributing factor in just over half of all rider-reported near misses and accidents.
In addition to these five factors, we also found evidence of rider misunderstanding of road rules and
driver misunderstanding of rider hand signals. The latter is unsurprising given that hand signals used by
riders to request a driver to take an action are not included in the South Australian Drivers Handbook [23]
(p. 33) or the road rules of any Australian state or territory.

Of particular concern were the experiences of road rage reported by riders. Although it may be a result
of mutual misunderstanding or rider misunderstanding of road rules, it is illegal. The South Australian
Drivers Handbook specifically mentions that drivers should not accelerate or rev their engine near a
horse, sound their horn or make unnecessary noise and not throw objects or shout at a horse or rider [23]
(p. 33). Directing road rage at horse riders can also have fatal results. By frightening horses and riders,
abuse itself could contribute to an (additional) accident or near miss. For example, one incident of driver
road rage directed at a horse-rider resulted in the death of a horse and the injury of a rider in Florida,
America [24].
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The contributing factors of speed, proximity, visibility, conspicuity and mutual misunderstanding
are discussed in this paper from the perspective of VRUs. However, it should be noted that riders,
other road users and horses can all contribute to, or mitigate, risks. For example, when riders
ride at speed, they restrict a driver’s ability to safely reduce speed when passing. Similarly, when
there is “mutual misunderstanding” between rider and horse, they are less predictable to other road
users. Following research considering risk and safety as emergent properties of socio-technical
networks [25], further research should consider the ways in which risk factors are distributed across
the horse-rider-road-driver-car network. It is also important to recognize the perspective of each actor
in the network. For horses, the visibility and conspicuity of other road users is particularly aural. This
raises important concerns for electric vehicles and bicycles that are less audible and may “spook” horses
more easily.

4.2. Research Limitations

Findings in this paper are biased towards self-selection and the experiences of South Australian
riders. Almost half (48%) of respondents resided/rode in South Australia while data from the Australian
Bureau of Statistics 2000 suggests that South Australia had one of the lowest participation rates in horse
activities of all states and territories in Australia at 1.4%. The Australian Capital Territory had the highest
participation rate of 2.4% followed by Queensland and New South Wales at 2%. Victoria and Western
Australia had participation rates of 1.8% followed by Tasmania at 1.5% while the Northern Territory
was equal with South Australia at 1.4% [3]. Despite the Horse Federation of South Australia being
active nationally, it is unsurprising that the majority of participants were located in South Australia.
This is consistent with other national surveys promoted primarily by the Horse Federation of South
Australia [26,27]. To validate the findings in this exploratory research, and determine if there are any
statewide differences, further research should recruit participants from across Australia.

Further research will need to distinguish between a near miss and an actual accident, and collect
demographic data including age, gender, riding experience. As these are all important factors [28], this
data should be collected in future research with a more representative sample size.

4.3. Potential Safety Interventions

Based on the findings from the survey and following suggestions made by riders themselves, we have
identified several areas for potential safety intervention

4.3.1. Identifying Equestrians on Roads as VRUs and their Horses as Sentient
Decision-Making Vehicles

Terminology matters. Although riders are “vulnerable road users”, the term is not defined in
Australian law, nor are VRUs referred to in any legislation with respect to road or traffic laws. The legal
definition of horse riders, horse drivers (i.e., cars, carriages and racing harnesses) or horse handlers at a
national level as vulnerable road users could change driver perceptions, promote research and provide a
rationale for funding.

Terminology also has implications for animals, including the ways in which they are valued and
prioritized relative to other lives and things [29]. This has been noted by White in relation to natural
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disaster response where he refers to a “strict legal categorisation of companion animals as personal
property, or things, rather than legal persons” [30] (p. 381). Emergency services personnel risk
their lives to save human life, property and the environment—in that order. Animals such as horses
may be considered “property” or “environment”. The choice affects where attention is placed in
preventing horse-related road accidents and prioritizing resources when attending callouts or making
triage decisions for people and animals. From a perspective of psychological first aid, considering the
horse “just a vehicle” may trivialize the trauma suffered by those at the scene and even compound the
distress reported by some responders attending accidents involving horses [17]. “Vehicalising” horses
also ignores the extent to which horses are not just “things” to their humans. Consistent with Belk’s use of
the term “extended self” [31,32], horses are extensions of their riders’ selves. As such, the behaviour and
controllability of each individual horse is at least as diverse as that of every individual rider, driver and
handler. From an actor-network theory perspective, horse-riders are sentient assemblages generated by
the interactions of human, technology and animal being, who often share roads with other assemblages,
such as driver-cars [33].

Terminology is particularly important in incident analysis and accident reporting. In determining
causal factors, investigators may consider road, vehicle or human factors. However, the interaction
of human and vehicle factors is more straightforward when the vehicle is a car or motorbike, and
much less so when the vehicle is a horse (or a donkey, mule, bullock, yak or camel). This has been
demonstrated in research on horse-rider relations where subjective experiences of trust have been found
to have objective consequences for riders’ risk-taking behaviours [7] and the degrees of “control” sought
over their horses [34].

At worst, horses can be viewed as decision-making vehicles. They are like vehicles in that they
transport humans and goods and are subject to road rules, but they are unlike vehicles in that they
are sentient creatures capable of making their own decisions and subject to their own instincts and
training. Horses (at least, well trained ones) have even been proposed as a useful metaphor for designing
automated vehicles [35]. Defining horses in road rules as something more specific and sentient than
just a vehicle may strengthen efforts to educate other road users about the “risky” nature and behaviour
of horses—especially in relation to how horses respond to stressors. The essential differences between
horse-riders, cyclists and motor vehicles could be emphasized in the development of specific road rule
terminology for horses other than “vehicle” or “animal”. As there are multiple alternatives (if not
just “horse”), each with different implications for the perception of horse-riders by other road-users,
discursive and empirical research is required to identify and evaluate the terminology most likely to
reduce horse-related near misses and accidents on public roads.

4.3.2. Harmonising Laws Regarding Passing Horses

The implementation of a law that stipulates the manner in which a driver must pass a horse being
ridden, driven or led on a road may make roads safer for horse riders, drivers and handlers. One possible
remedy would be to implement the Queensland law that drivers must pull over and turn off their engine
if a horse becomes restive. Another option could be a law requiring drivers to pull over and turn off
their engine. Although the respondent quoted above was incorrect about the existence of such a law in
Tasmania, they raise a valid point; By the time a horse becomes “restive”, both the horse and rider have
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already been placed in danger. Her suggestions for keeping a 5 m buffer behind a horse and 2 m to the
side with a speed limit of 30 km/h for overtaking could prove quite effective for reducing the instances
of near misses due to horses being frightened or spooked by fast passing or close vehicles but may prove
impractical in some cases. However, reducing speed may not always be a possible or safe option, such
as when a vehicle on a blind corner sees a horse after entering a turn at speed, or on the rare occasion
that there are horses on both sides of a road.

One practical solution with respect to law changes could be to require that drivers slow down when
passing a horse and give the horse a lateral buffer where possible when passing. Further research is
needed to determine a buffer distance and safe and practical speed. They may differ for large vehicles
and trucks that can scare horses if they pass too slowly and/or if air brakes are applied. Harmonising road
rules across Australia’s states and territories may also reduce general misunderstanding or confusion
about the legal specifications for the interactions of horses and other road users. Riders could be
kept informed of road rules through a test similar to the British Horse Society’s “Riding and Road
Safety Test”.

4.3.3. Mandating Personal Protective Equipment

Horse riding helmets are one form of “shell” that horse riders drivers and handlers can wear as
a proven form of protection whilst riding, driving or leading horses. A 1995 draft of the Proposed
Australian Road Rules included “requirements that all horse riders wear a helmet, reflectors when riding
at night and be allowed to use footpaths and nature strips” [36]. However, with the exception of riders
18 years and under on Victorian roads, wearing helmets whilst riding on private property or public roads
is still voluntary in Australia. Whilst wearing appropriate footwear when riding is a widespread practice,
the low use of helmets when riding is alarming. For instance, a study of fall related injuries in Australian
agriculture reported that 79% of hospital presentations “did not report use of a safety device at the time of
injury” and “only 18% of injury presentations resulting from a height-related fall reported wearing head
protection” [37]. Twenty years ago, researchers suspected that “[t]he promotion of equestrian helmets in
Australia is likely to need a similar approach to that used to promote and effectively introduce mandatory
helmet wearing” [36]. Given the multiple psychological, social and cultural barriers to increasing the
voluntary use of helmets amongst horse riders [38], compulsory use and appropriate enforcement of
wearing helmets on public roads should be seriously considered in Australia.

Despite research finding no relationship between the use of high visibility clothing and reduced
risk [14], some respondents in this Australian survey recalled more positive road riding experiences
while wearing high visibility clothing. Their perception requires further investigation; especially as those
who wear high visibility clothing may be more predisposed to “safer” riding practices in general. The
use of “GoPro” style camcorders should also be considered as a form of personal protective equipment.
Research is required to determine their impact on discouraging drivers from dangerous behavior such as
road-rage, as well as their usefulness in recording number plates of dangerous drivers.

4.3.4. Improving Road Signage

Forty seven per cent of respondents recommended more or improved road signage. Road signage
in Australia with respect to horse riders is fairly limited and usually consists simply of a yellow sign
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with a black horse and rider silhouette (Figure 1, above). Reviewing the current signage for horses on
roads and making it more informative for drivers could be a very positive step forward for horse and
rider safety. By providing some indication of how the horse needs to be treated when approaching and
passing, drivers should be better able to react appropriately when they see a horse. One very simple
addition to current horse signage could be the phrase “pass wide and slow”, as is currently available on
some specialty high visibility rider clothing. Similarly, a diagram showing the dimensions of a buffer
zone around the horse for passing drivers could inform drivers about how to pass horses more safely.

The location of signage also needs to be reviewed as many respondents reported that there were
not enough signs in their area or that they had asked for some/more signage and it had not been
provided. Councils could be encouraged to provide signage for riders, particularly in areas with a higher
concentration of horse traffic.

4.3.5. Data Collection

There is no comprehensive data on horse-related injury in Australia, let alone that occurring on roads.
More rigorous data collection is required to:

(a) Determine the distribution, frequency and consequence of horse-related near-misses and accidents
(b) Identify at-risk rider and driver groups, or high risk locations
(c) Justify and prioritise interventions
(d) Evaluate interventions

The implementation of a mapping system over a number of years could be of assistance, similar to
that used by the British Horse Society. In 2010, they launched a website dedicated solely to equestrian
safety where riders can report incidents including the location and the type of incident as well as find
further advice and information on road safety. Data obtained from this reporting system is intended to
“lobby those in power to make the changes that are required to ensure riding is safer for all” [39].

4.3.6. Developing Mutual Understanding amongst Road-Users

As noted above, drivers often misperceive the amount of control that riders have over their horses [15],
and riders assume that other road users can interpret horse behaviour. The present study reinforces the
existence of a general mutual misunderstanding between riders and drivers that in some instances leads to
road rage. We also identified a lack of rider understanding of road rules. Although clarified or additional
laws and signage changes may assist with reducing horse-related road incidents, these legal and technical
interventions would be more successful in combination with social, educational and behaviour change
interventions. Formalising and effectively communicating protocols for safely interacting with horses
on roads will require engagement with all relevant stakeholders and end-users. Focus group research
similar to that conducted in the UK [15], may enable the identification of important barriers and enablers
to mutual understanding and the adoption of safer behaviours by all road users, for the benefit of
all road users. Findings could be used to design fact sheets, infographics or other information-based
safety interventions.

Interventions could draw from and enhance social connectedness rather than reinforce division and
competition amongst road users. Thompson proposed the “pet as protective factor” principle to engage
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pet owners in activities that can increase their chances of surviving a natural disaster [40]. The principle
aims to reconfigure pet ownership from a risk factor for survival to a protective factor by leveraging
from people’s desire to save their pets. As the preparations required to improve an animal’s chance
of surviving a natural disaster are almost always the same ones that improve human survival, this
provides an opportunity for engaging with those members of the population who wouldn’t make natural
disaster preparations for themselves. And for those pet guardians who wouldn’t deliberately seek
information on natural disaster preparedness, animal-related social networks may provide a conduit for
the dissemination of that information [41]. More recently, the pet as protective factor has been refined
through “who depends on you?” messaging and extended from a premise of “save your pets and you
might save yourself too” to one of “save yourself so you can take care of your pets now and after a
disaster or emergency” [42].

Research on the risk perception of riders in high-risk equestrian sports found that riders were more
likely to worry about their horses being injured than themselves [7]. This suggests that horse riders,
handlers, drivers and guardians could be motivated to engage in personal injury prevention measures
on public roads for the benefit of their horses. Due to the taken for granted riding relationship in
human-horse relationships [8], the “pets as protective factor” principle and “who depends on you?”
message [42] take on multiple meanings. First, riders could be more likely to engage in precautionary
behaviours if the benefits to their horses are emphasized. Second, precautionary and “personal protective
behaviour” could include improved horse training and education to increase rider control and/or reduce
horse unpredictability [43]. In this regard, a well trained and understood horse could in certain
circumstances be a literal form of rider protections. Third, horses depend on riders to keep them safe
on the roads, and they depend on riders keeping themselves safe so that they can continue to care for
their horses. Finally, road users depend on one another. Emphasizing the ways in which horses and their
riders depend on drivers of cars, and vice versa, could create a platform of care rather than conflict.

4.3.7. Safer Road Design and Alternative Riding Spaces

Increasing population growth, urban densification and peri-urban development could increase
interactions between multiple road users. In addition to improving the safety of those interactions on
public roads, there is a need to consider the provision of alternative spaces for horses. These could range
from specially marked laneways or “bridleways” for horses in high horse-traffic areas to open spaces
including ovals, trails, stock routes, parks and forests. Where open spaces are shared with other users
such as cyclists, motorised trail bikes, walkers and people with dogs, there is still a need to promote
mutual understanding, respect and rules of engagement. In a previous survey of horse owners in South
Australia, rider access to national parks was raised as a safety control to keep riders away from roads [44].
However, sharing parks with off-road motorbike users was also noted as risky for horse riders, suggesting
the same need for protocols around multiple user interactions on trails and in parks as identified for public
roadways. Furthermore, alternative riding spaces require horse-friendly design, regular maintenance and
possible biosecurity controls where horse hooves and manure may introduce germs or weeds (as do
walking shoes, bicycle tyres and dog faeces). The issue of horse access to parks and other public spaces
should also be seen as a safety issue.

218



Animals 2015, 5 606

4.3.8. Increasing Investment in Horse-Related Safety Initiatives

All of the aforementioned measures require resources. Despite an average of 20 deaths per year in
Australia’s equestrian sector being a figure that would be completely unacceptable in any other industry
or activity, there is currently little financial support of horse-related safety research or interventions.
By contrast, an average of 1.7 people die each year in Australia from shark-related injury [45], yet
the State Government of Western Australia invested AUS $22 million in its Shark Hazard Mitigation
Program [46]. To secure much-needed funding, the Australian equestrian industry must draw attention
to the scale, severity and consequence of horse-related accident and injury. Whilst effective technical
interventions such as helmets, back protectors and high visibility clothing are freely available and
affordable, they lack equally effective legal and behaviour change interventions to mandate or increase
their adoption. One avenue for acquiring funds to safeguard the people sustaining Australia’s $9 billion
equestrian industry [1] could be the introduction of a national horse registration system. This could also
help to address the lack of important data noted above.

5. Conclusions

Insufficient action is being taken to improve the safety of around a quarter of a million horse people
in Australia in general, let alone their safety whilst sharing public roads. This places other road users
and pedestrians at risk of serious injury or worse. By reporting findings from an exploratory study of
147 equestrians who ride or lead their horses on public roads or road-related areas, we were able to
identify that just over half of those riders had experienced a near miss or accident in the 12 months
preceding the survey, and that speed was identified as a contributing factor in almost three quarters of
those cases. As road incidents involving horses can put the lives of all road users at risk, there is an urgent
need for more research to mitigate horse-related road accidents and near misses. This paper identified
several areas for potential risk management spanning technical, social, legal, informational, behavioural
and environmental interventions. The safety of Australia’s horse people and those around them would be
well supported by the establishment of a national task force on equestrian safety with a working group
on road safety. To address the complexity of the issue collaborations should be established between
safety scientists, horse behaviourists, behaviour change experts, social marketers, civil engineers, town
planners, police and emergency services, large animal rescuers and relevant motor accident authorities,
not to mention horse riders, drivers and handlers themselves.
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Simple Summary: Epidemiological research details a high rate of horse-related injury,
despite technical countermeasures being widely available and largely affordable. Whilst
barriers to engaging in preventative behavior such as helmet-use have been identified, less
attention has been given to enabling factors. These factors could contribute to the design of
more effective injury prevention interventions. To identify barriers as well as enablers in an
Australian context, we explored how riders discussed helmet use amongst one another in an
online setting. Our analysis revealed that social relations heavily influenced safety behavior.
In particular, we identified three attitudes that affected helmet use: “I Can Control Risk”,
“It Does Not Feel Right” and “Accidents Happen”.

Abstract: Equestrian activities pose significant head injury risks to participants. Yet, helmet
use is not mandatory in Australia outside of selected competitions. Awareness of technical
countermeasures and the dangers of equestrian activities has not resulted in widespread
adoption of simple precautionary behaviors like helmet use. Until the use of helmets whilst
riding horses is legislated in Australia, there is an urgent need to improve voluntary use. To
design effective injury prevention interventions, the factors affecting helmet use must first be
understood. To add to current understandings of these factors, we examined the ways horse
riders discussed helmet use by analyzing 103 posts on two helmet use related threads from
two different Australian equestrian forums. We found evidence of social influence on helmet
use behaviors as well as three attitudes that contributed towards stated helmet use that we
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termed: “I Can Control Risk”, “It Does Not Feel Right” and “Accidents Happen”. Whilst
we confirm barriers identified in previous literature, we also identify their ability to support
helmet use. This suggests challenging but potentially useful complexity in the relationship
between risk perception, protective knowledge, attitudes, decision-making and behavior.
Whilst this complexity is largely due to the involvement of interspecies relationships through
which safety, risk and trust are distributed; our findings about harnessing the potential of
barriers could be extended to other high risk activities.

Keywords: equestrian; horse; injury; helmet; safety; risk; online forum; barriers; enablers;
behavior change; injury prevention

1. Introduction

Involvement in sport and physical recreation has a positive impact on health and quality of life,
providing socio-economic benefits to wider public health [1]. Despite this, the potential risk and
occurrence of injury associated with physical activity can act as a barrier to continued participation [1].
This has prompted researchers to advocate for the incorporation of injury prevention strategies into
sport promotion [1–4]. Horse riding and related activities are particularly dangerous [5–8]. Equestrian
activities pose injury risks to an estimated quarter of a million Australians [9]. “The rider is unrestrained
and is travelling on a largely unpredictable animal capable of speeds of up to 70 kph and of kicking with
a force of up to 1 ton” [5] (p. 5). Not only are horses large, fast and strong, they are decision-making
animals of prey with a heightened flight response [10].

There is a sophisticated body of work documenting injury statistics, identifying horse-related injury
risk factors and determining high-risk groups [5,8,11–18]. Both Australian and International research
into horse related injury highlight the importance of encouraging the use of safety standard helmets
to be consistently adopted by riders [19–22]. This is further demonstrated by research that charts
the positive impact of safety helmet use [23,24]. Indeed, Safe Work Australia [25] advocate the use
of Australian standard safety helmets alongside the development of skills and confidence in horse
interaction. Yet, despite awareness of the critical importance of helmet use in preventing head injury,
adoption by equestrians still lacks consistency [11,19,26–28]. Until the use of helmets whilst riding
horses is legislated in Australia, there is an urgent need to improve voluntary use.

Recommendations to increase helmet use and improve overall safety typically include training,
education, and awareness-raising activities such as wider dissemination of injury statistics [12,19,25,27].
However, increasing the levels of risk literacy amongst equestrians may not necessarily lead to safer
equestrian practices [29]. This is largely because the ways in which people perceive and respond to risk
are not straightforward. They are subject to psychological and cultural contextualization [30], as are the
values, attitudes, beliefs and practices of equestrians towards issues of horse-related risk and safety. As
such, equestrian injury statistics and risk factors can be considered a product of individual, social and
cultural attitudes and behaviors.
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Unlike helmet use amongst cyclists and motorcyclists on Australian public roads [31,32], helmet use
is not mandatory for horse riders. Helmet use amongst equestrians therefore provides an illuminating
case study of voluntary helmet use. Whilst voluntary helmet use has been discussed in detail in relation
to cycling [33,34], motorcycling [35,36] and alpine sports [37–39], those activities do not involve
human interaction with another sentient, decision-making being such as the horse [10]. Indeed, previous
research on human and horse relations demonstrates the ways in which riders’ risk and safety decisions
depend on how they perceive the quality of their human–horse relationship [40,41].

Moreover, there is a particular need to understand and address the ways in which equestrians perceive,
respond to and talk about risk and safety amongst themselves. These can be inferred from “everyday
talk” [42] in discussions and conversations where beliefs and behaviors are often advocated, justified
and challenged. For example previous research [28,29] demonstrates the impact that negative attitudes,
altered risk perception and physical discomfort has had on the inconsistent uptake of helmet use. As
that research was biased towards barriers, there is a need to identify enablers and consider their value in
behavior change campaigns.

2. Method

To identify attitudes and beliefs surrounding helmet use, we analyzed two public-access forums
on Australian equestrian websites. This provided an unobtrusive means of exploring the “everyday
talk” [42] of equestrians, driven by their own concerns. The construction of forum-as-field-site has
been successfully utilized by health researchers looking into discourses surrounding topics such as
breastfeeding, early onset dementia and disordered eating habits [42–44].

A sampling strategy was devised to select equestrian-based discussion forums, following Callaghan
and Lazard [42]. An Internet search was conducted using the terms “Australia”, “Forum” and “Horse”
or “Equestrian”. The inclusion criterion for forum selection was: high variety of topics; high level
of posting activity; ability to search the forums; publically accessible content and, containing a “.au”
identifier. The two forums selected were accessed publicly, without the need for payment or membership.
They contained a broad variety of topics (from horse health to training) but also had differing target
audiences (one was noted to be a “junior rider” forum while the other was a general equestrian discussion
forum). The forums were initially searched using terms: “Helmets” and “Helmet use”. Inclusion criteria
for threads included: relevance of the topic to the research aims; high level of response/posting activity
and variance of posters. Both threads commenced with a forum member enquiring about, or commenting
on, the helmet wearing behaviors of fellow forum members. Thread 1 contained 50 posts from
37 members, with discussion taking place within the time span of a month in 2013. Thread 2 contained
53 posts from 43 members, taking place over a weeklong period in 2004. Neither of the authors were
involved in thread instigation or participation.

Data collection followed a protocol used by Rodriquez [43], who only analyzed posts from publically
published and accessible forum posts, and devised pseudonyms for the already generally anonymous
posters’ nicknames. This study was approved by the CQUni Human Research Ethics Committee.

The method can be summarized in the flowchart below:

225



Animals 2015, 5 579
Animals 2015, 5 579 

 

 

 

Flow Chart 1. Six steps comprising the research methodology. 

Discourse analysis enabled the identification of factors affecting helmet use. The 103 separate posts 

were analyzed. First, they were read and re-read before being inductively analyzed as whole statements. 

Each post, or “statement”, was broken down and analyzed sentence by sentence with particular focus on 

discursive attitudes expressed towards helmet use. Following Green and colleagues [45], relationships 

between these codes were explored. Patterns between factors, risk perception and different stated safety 

behaviors were documented, as were differing values associated with various equestrian activities within 

the posts. To identify attitudes or factors that enabled helmet use, we focused attention on discourse 

surrounding stated consistent helmet use or stated opposition to non-use. Analysis was conducted 

primarily by Haigh in conjunction with Thompson whose personal involvement in equestrian activities 

allowed for a nuanced interpretation of horse-specific terminology and concepts. 

3. Results 

In the “everyday talk” [42] of forum users, we identified numerous social and attitudinal factors 

significantly affecting helmet use, risk perception and injury mitigation behaviors. Overall, they were 

deeply entrenched in the social relations of their “eque-cultures” [46]. Three attitudes that affected 

helmet use have been selected for discussion in this paper, based on their overarching representation 

across both forums: 

(1) “I Can Control Risk”; 

(2) “It Does Not Feel Right”; 

(3) “Accidents Happen”. 

3.1. The Impact of Social Relations on Helmet Use 

In forum threads, what was often perceived as a “personal” choice to wear or not wear a helmet was 

socially influenced. Indeed, a large number of forum posters justified their helmet (non)use through 

stories of peer behaviors. Social influence was seen to act negatively on some forumites, who both 
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Identification of three attitudes towards helmet use across the two forums/threads

Situate findings within literature and identify signfiicance

Figure 1. Six steps comprising the research methodology.

Discourse analysis enabled the identification of factors affecting helmet use. The 103 separate posts
were analyzed. First, they were read and re-read before being inductively analyzed as whole statements.
Each post, or “statement”, was broken down and analyzed sentence by sentence with particular focus on
discursive attitudes expressed towards helmet use. Following Green and colleagues [45], relationships
between these codes were explored. Patterns between factors, risk perception and different stated safety
behaviors were documented, as were differing values associated with various equestrian activities within
the posts. To identify attitudes or factors that enabled helmet use, we focused attention on discourse
surrounding stated consistent helmet use or stated opposition to non-use. Analysis was conducted
primarily by Haigh in conjunction with Thompson whose personal involvement in equestrian activities
allowed for a nuanced interpretation of horse-specific terminology and concepts.

3. Results

In the “everyday talk” [42] of forum users, we identified numerous social and attitudinal factors
significantly affecting helmet use, risk perception and injury mitigation behaviors. Overall, they were
deeply entrenched in the social relations of their “eque-cultures” [46]. Three attitudes that affected
helmet use have been selected for discussion in this paper, based on their overarching representation
across both forums:

(1) “I Can Control Risk”;
(2) “It Does Not Feel Right”;
(3) “Accidents Happen”.

3.1. The Impact of Social Relations on Helmet Use

In forum threads, what was often perceived as a “personal” choice to wear or not wear a helmet was
socially influenced. Indeed, a large number of forum posters justified their helmet (non)use through
stories of peer behaviors. Social influence was seen to act negatively on some forumites, who both
explicitly and implicitly linked their helmet use to the riding culture or social environment they were
within. For example:
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‚ One rider openly claimed to be inconsistent with helmets, asserted this as a personal choice, but
justified their actions with the claim that: “I know people that don’t even own one”.

‚ A decision to not wear a helmet was stated as supported by family.
‚ The influence of experienced riding peers altered the helmet use of one rider, who noted that “I

spent a few months training with a well-known showjumper in NSW, basically nobody wears a
helmet there and I just got used to it”. This same rider made an exception and noted that they
would wear a helmet “If kids are watching”.

This last example highlights that while social influence and peer behavior operated on occasion as a
negative force on helmet use, it also had the potential to enable and support helmet use. This can be seen
in the following examples:

‚ One rider justified their helmet use by suggesting that non-helmeted riders “are being a bit selfish.
Not because they are doing a sport where there are safety measures that may limit the damage
done but because they aren’t considering their families”.

‚ Another rider stated that being injured while not wearing a helmet “is not fair to those left behind”.
‚ Helmet use was positioned as something you do for “those who love you”.
‚ One rider linked their helmet use to being raised in a family involved in racing (Racing

Australia [47] mandates helmet use at any competition).

In these examples, attitudes and behaviors towards helmet use were overtly influenced by perceived
social responsibility and “care” for some riders, and more subtly formed by social influences and norms
for other riders. This gave rise to a judgmental rhetoric. Alongside this pervasive social dimension,
three attitudes were found to influence helmet use: “I Can Control Risk”, “It Does Not Feel Right” and
“Accidents Happen”. These attitudes are outlined below.

3.2. Attitudes Influencing Helmet Use

3.2.1. “I Can Control Risk”

Most riders were generally positive about helmet use. Despite this, when an attitude of “I Can Control
Risk” was present, the necessity of helmet use was affected by varying risk mitigation strategies. The
extent of risk was perceived as depending on the type of riding activity, the age and training of the horse
and importantly, the relationship between horse and rider. Risk mitigation strategies available to these
riders included: the rider’s own skill set and experience; knowledge of horse behavior; strength of horse
and human relationship, and helmet use. Interplay between these factors affected helmet use even for
those who stated to be generally consistent in wearing. For example:

‚ One rider noted: I very rarely ride without one. In fact the only time I ride without one, is when I
bring them up from the paddock or I ride (my own horse-name removed) tackless (without a saddle
and bridle) for a few minutes’.

‚ Another discussed riding helmetless on a few occasions while bringing the horse they trust “110%”
up from their own paddock. This rider also noted that they would only ever walk their horse up
(travelling at a slower and safer pace) and would not risk it if their horse were having a “hyper” day.
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‚ Another suggested that the “1%” of the time they would not ride with a helmet would only be
when “jumping on” their old horse to bring them up to their gate.

‚ The attitude that “safer” situations could potentially negate the need to wear a helmet was even
held by one member who claimed quite strongly that riding without a helmet “made zero sense”,
as it was later noted that the reason why they did not ride without a helmet was they knew their
horse to be “unpredictable”.

These situations suggest that trusting and being able to read equine behavior are factors favored
above and potentially instead of wearing a safety helmet, although a rider’s ability to read behavior was
taken for granted as ethologically accurate. The attitude that risk could be avoided by other mitigation
strategies, above and potentially instead of helmet use, was particularly evident in comments by those
who openly declared non-consistent helmet use:

‚ One rider explained that, “I don’t usually ride with a helmet at home doing flat work but if I go out,
ride an un-educated horse or new horse or do any jumping at all I’ll pop one on”. Only situations
self-categorized as unsafe and unpredictable required a helmet, and this rider later noted that they
saw helmet use as dependent on knowing a horse and the level of rider experience.

‚ Similarly, another rider noted that they usually rode without a helmet, unless riding a “new or
young” horse.

‚ One rider stated that they did not wear a helmet while training for dressage but would do so if they
were riding a young horse, jumping or riding on the roads.

‚ While listing a number of situations in which they did wear a helmet, one rider mentioned being
a “culprit for not wearing a helmet when schooling dressage at home”, but only while riding their
or their mothers “very experienced” horses as they “know damn well they won’t do anything”.

‚ Surprisingly, one rider attributed their head injury not to failure to wear a helmet, but a failure to
correctly interpret the horse’s behavior.

When risk was present as uncontrollable and outside of the horse/human dyad, then helmet use was
considered necessary:

‚ An openly helmet resistant rider stated that horse riding is “dangerous as hell” but that they were
not consistent in wearing a helmet. Despite this, they stressed that “I will however, always wear
one on the road!”

In these examples, the risks involved in equestrian activity were perceived and understood in varying
ways by forum members. Helmet use was seen as a tool to mitigate some risks, but other risk
limitation strategies, such as trusting and knowing horses, familiarity with riding situations and locations,
relationship between the horse and human and levels of rider and horse experience/expertise were often
valued over, and often instead of, the use of a safety helmet.

3.2.2. “It Does Not Feel Right . . . ”

While some riders found helmets uncomfortable, others found not wearing a helmet more
uncomfortable. In this, the attitude that “It Does Not Feel Right” had an unpredictable and bi-directional
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affect on helmet use behavior. Further, in some cases the strength of social influence meant that the
perceived physical discomfort of helmets did not always prevent use.

“ . . . to wear a helmet”
A few riders commented that wearing a helmet did not feel right. In some cases, this attitude resulted

in non-use, but in others helmets were still worn:

‚ Justifying their general lack of helmet use, one rider noted “My usual place of residence is in the
tropics and I prefer to wear something that shades my face etc. and allows for airflow”.

‚ Similarly, another exclaimed “All I can say is once you try riding without a helmet it is really hard
to go back!” After training in an environment that non-wearing was encouraged they stated to
“much more able to concentrate without that heat, sweat and constriction”.

In some cases, the discomfort of wearing a helmet was not a barrier to use, as other factors that
encouraged the use of helmets had more behavioral impact:

‚ One rider commented that they did not grow up wearing helmets, “hates” them as they are hot and
uncomfortable, but started to wear once their kids started riding as you “can’t really expect them to
wear one if your not”. For this rider, being a positive role model for their family was valued more
than the perceived negative sensation of helmet use.

‚ Another rider stated simply that they “always have and always will wear a helmet” despite hating
the red lines they leave on their forehead.

‚ Despite the negative sensation associated with helmet use, another associated the decision to wear
with wanting to be around to see their grandchildren.

‚ Another stated that they never wore a helmet when younger but had got used to wearing one after
the rules changed at their agistment/livery to mandate helmet use and despite still hating them they
would feel odd getting onto their horse without one. Though, they noted that they would still wear
an Akubra (an iconic Australian cowboy style hat) on long rides for sun protection.

“ . . . to not wear a helmet”
While some equestrians viewed the helmet as hot and uncomfortable, presenting a barrier to use

(although, as seen, not always), our findings suggest that the physicality of the helmet was not always
seen as a negative:

‚ Wearing a helmet was likened on a number of occasions to putting on clothes everyday, with one
rider stating they would feel “naked” without their helmet, and another noting that “not wearing a
helmet to me feels like not wearing a bra”.

‚ For three riders, wearing a helmet was such a habit that they joked they felt weird not wearing it
in other “risky” situations such as driving a car.

‚ One rider noted wearing their helmet added to their comfort levels as it warmed their head on
cold days.

‚ Three riders simply stated that wearing a helmet was “second nature” and not wearing feels “odd”.

These findings suggest that helmet use was not always considered uncomfortable, that discomfort
was not always a barrier to use and helmet wearing had the potential to become a physically comforting
habit, enabling use.
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3.2.3. “Accidents Happen”

Similar to the attitude “I Can Control Risk”, those expressing the attitude that “Accidents Happen”
perceived risk on a scale, and valued a range of risk mitigation strategies. However, for a majority of
those who held this attitude, nothing negated the need to wear a safety helmet. Forum members with
this attitude stressed that “accidents happened”, even to the most experienced riders, and that a helmet
provides an easy method of injury prevention in these random circumstances:

‚ One rider noted that in their experience, the only injury incidents they had experienced were from
“accidents” such as the horse tripping.

‚ Another stated that wearing a helmet is a “very basic” precaution that could change the severity of
injury in an accident event.

‚ Another noted wearing a helmet on their “quiet horse” during equestrian sports as it meant
they could focus on their/their horse’s performance instead of worrying that the “unexpected”
might happen.

‚ One stressed that they always wore a helmet, as “even ‘bomb proof’ horses can trip. A friend of
mine broke her neck riding a bomb proof school horse that tripped in the paddock at home (she is
a professional rider)”.

‚ The view that even quiet and trusted horses can fault and experienced riders can have accidents
was also held by another rider who noted a few occasions where a helmet had saved them in an
accident with a quiet, known and trusted horse.

‚ One rider told the story of a professional dressage rider who had sustained an injury to stress that
“ANYONE can come off, no one is invincible”.

‚ Another shared a similar story of a fatal accident in which a very experienced rider fell off, stating,
“experienced people do fall off too”.

The attitude of “Accidents Happen” provided protection for some riders against the association of
experience with a reduced need to wear a helmet. It allowed these riders to present themselves as
experienced equestrians while still choosing to wear a helmet.

The attitude that experience negates the need for helmet use is challenged by (self-stated) experienced
riders through tales of “accidents that really did happen”. Here, understanding the importance of wearing
a helmet had come about through the personal experience of being involved in, or knowing of someone
involved in, an accident:

‚ While admitting not liking helmets when younger one rider stated that they would never “dream
of getting on a horse without one these days”, sharing the story of being involved in an accident
where they had luckily decided to wear a helmet which had lessened the severity of injury.

‚ Similarly, another highlighted that after witnessing a horrific accident of a non-helmeted rider, they
“would not consider wearing a helmet these days” despite previously being a bit “hit and miss”.

‚ Another equestrian wrote that they have never ridden without a helmet since being in an accident
as “I shudder when I think back that I had tossed up whether I should wear the helmet before I got
on him that fateful day”.
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Riders such as those represented above demonstrated a positive attitude towards helmet use and injury
mitigation; they valued risk limitation strategies such as knowing and trusting horses, rider experience
and knowing how to read equine behavior on top of the added safety measure of safety helmet use. For
this group, safety helmets were stated as consistently used because, despite best intentions, “Accidents
Happen”.

4. Discussion

Through discourse analysis of discussions on two Australian based public-access online forums we
found that helmet use was intrinsically linked to the social worlds of equestrians, despite often being
viewed as a “personal choice”. Further, we found two attitudes that demonstrated a bidirectional affect
on helmet use: “I Can Control Risk” and “It Does Not Feel Right . . . ” and one that enabled helmet use:
“Accidents Happen”. We have summarized these attitudes in the table below.

Table 1. Barriers and enablers to helmet usage.

Attitude Encourages Helmet Use When Discourages Helmet Use When

“I Can Control Risk” Helmet use seen as part of risk control

Helmet use seen as extemporaneous to other
controls such as being a good rider, having a
good horse, and having a good relationship
with that horse

“It Does Not Feel
Right . . . ”

Wearing a helmet becomes a habitual
sensation of riding, even if that
sensation is discomfort

Wearing a helmet is considered intolerable

Accidents Happen

Accidents accepted as beyond control,
and unrelated to rider skill, horse
temperament or the quality of their
human–horse relationship

The rider has a fatalistic risk perception

The social worlds of the equestrian cohort had a significant influence on helmet use attitudes and
behaviors. Attitudes and behaviors towards helmet use were overtly influenced by perceived social
responsibility and “care” as well as social regulation in particular riding contexts for some riders,
and more subtly formed through social influence and behavioral norms for others. The latter point
is consistent with previous research that has demonstrated the negative influence of peer pressure and
cultural norms of particular riding styles on helmet use [27–29]. The influence of riding peers as a
barrier to helmet use was exemplified by one rider who noted that “I spent a few months training with
a well-known show jumper in NSW, basically nobody wears a helmet there and I just got used to it”.
Yet, peer behavior and perceived social responsibility also supported helmet use. For example, one rider
noted that wearing a helmet is something one does for “those who love you” and another wore a helmet
particularly to be a good role for their children, as you “can’t really expect them to wear one if you’re
not”. This strength could be targeted in injury prevention campaigns. Indeed, research specifically
into the adoption of other types of safety helmets has highlighted the significant positive influence peer
behavior and social norms could have on consistent use. In an Austrian study, it was found that the
positive effect on youth ski helmet adoption that mandatory youth ski helmet laws had in one province
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was mirrored in another province without mandatory laws [48]. This was attributed to the high ski helmet
use by adults and parental figures, which acted to model appropriate and safe behavior [48]. The potential
of adults acting as behavioral role models towards helmet use was seen as well in an observational study
of bicycle riders in the USA [49], which found that helmet use was higher in pairs of cyclists than in
solo riders, and particularly child adult pairs where the adult wore a helmet [49], supporting the strength
of companionship as a potential enabler in the promotion of public health interventions. The suggestion
of using role modeling to promote desired safety behaviors is stressed in a US study of factors affecting
children’s bicycle helmet use which found that regardless of the presence or absence of mandatory laws,
use of helmet was associated with beliefs of social consequences and peer use [50]. The researchers
suggest communication targeting the social desirability of helmets alongside helmet use by parents to
model appropriate behavior for children [50].

The adoption of safety helmets by those in equestrian “role model” positions could also act to break
down the association between helmet use and inexperience. Moves by prominent horse media magazines
or websites (such as Dressage Today) to only publish images of helmeted riders are excellent initiatives
in this regard. In this, we suggest investigating and trialing avenues for the promotion of helmet use as
a normalized and social activity, no matter what the level of perceived risk, or ability to mitigate risks
through skill is held by the rider. This might include petitioning for widespread horse media adoption of
helmet only image publication policy as well as injury prevention campaigns that leverage off the helmet
use enabler presented by those riders who saw helmet wearing as an action of responsible horse owners
and family/community members.

The attitude “I can control risk” demonstrated that the risks involved in equestrian activities were
perceived and understood in varying ways. Positively, helmet use was seen as a tool to mitigate risks, but
worryingly other risk mitigation strategies were often valued over and above the use of safety helmets.
This finding is consistent with that of Reed and colleagues [28] and Condie and colleagues [29], who
identified differing risk perceptions in different equestrian contexts as potential barriers to the use of
helmets. Moreover, the relationship between risk perception and prevention is not straightforward. Some
riders may (more or less consciously) not want to acknowledge risk by taking precaution.

Further, the construction of horse riding, and horses in general as dangerous and unpredictable
animals could unintentionally reduce the energy that riders invest in building a “strong” relationship
with their horses [40,51,52]. Challenging this relationship might prove difficult, especially as riders
rarely described their own horses as dangerous or unpredictable. Knowing a horse, and being able to
read equine behavior was favored strongly as a risk mitigation strategy as part of the attitude that “I can
control risk”. This was exemplified in the comment by one equestrian that they ride their family’s “very
experienced” horses without helmets, as they “know damn well they won’t do anything”.

In a similar light, our findings demonstrated some of the factors contributing to risk (mis)perception
were possibly inflated self-perceptions of the equine knowledge, skills and experience that are
preventative factors for equestrian injuries and have positive consequences for equine welfare [53–56].
There is a particular challenge in removing any stigma attached to helmet use that riders may interpret
as an indicator of a rider’s poor equestrian skills, a horse’s bad temperament or their weak horse-rider
relationship. However, our research suggests risk-reduction value in injury prevention campaigns that
leverage off the attitude “Accidents Happen” and also normalize helmet use by increasing usage amongst
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equestrian role models. There may also be value in creating an association between helmet use and
being a “good carer” for the horses that depend on riders [57], and an equestrian sector that could be
jeopardized by increasing injury statistics.

The finding that physical sensation, comfort and habit influenced helmet use behavior is consistent
with Condie and colleagues’ [29] study that found that the perception of helmets as uncomfortable
presented a barrier to use. This was also highlighted in studies of English-style riders [58], farm
youth [28] and roughstock rodeo athletes [27]. Yet, while the perception that a helmet is uncomfortable
and “It Does Not Feel Right” was similarly observed in this data, some riders expressed an opposing
positive attitude of “It Does Not Feel Right . . . to not wear my helmet”. This suggests that the sensation
of helmet wearing can be viewed positively and has been effectively normalized by some riders. Further,
even when wearing helmets was seen as uncomfortable, this did not present a barrier for some riders,
as other values and attitudes exerted more influence on the decision to wear, Particularly strong was the
desiring to be a good role model or wanting to “be around” for family. This shows again the advantage of
utilizing and promoting valued social roles to encourage use and as a result normalize the helmet wearing
sensation. The view of equestrians who noted that wearing a helmet felt normal demonstrates there is
potential for supporting the idea that helmets can become “second nature” and that not wearing can also
become an uncomfortable sensation. Indeed, several horse riders likened not wearing their helmet to
being uncomfortably “naked”. While the physical sensation of helmets has previously been identified
as a barrier to use, our analysis suggests that this is not always the case. There is need for current
phenomenological and ergonomic research into the physicality of helmet wearing. Promotion of values
that override the negative side of the attitude of “It Does Not Feel Right”, particularly those focused on
the social would help contribute towards consistent helmet use. Supporting and promoting the attitude
that “It Does Not Feel Right . . . to not wear my helmet” could further work towards normalizing, for a
larger number of equestrians, the sensation of helmet wearing.

Interestingly, some forum members displayed attitudes of “Accidents Happen” and “I Can Control
Risk”. Whilst most saw the use of helmets as not negotiable, there were a few for whom the attitude
“Accidents Happen” was interpreted fatalistically to justify not wearing a helmet. Overall, the “Accidents
Happen” attitude was linked with the use of safety helmets. It also provided protection for riders against
the association between helmet use and inexperienced suggested in the attitude of “I Can Control Risk”.
By maintaining the attitude that “Accidents Happen”, riders could present the idea that their experience
did not detract from the need (or “choice”) to wear a helmet. Supporting and promoting this attitude
could help to alter the inconsistent helmet use of those who predominantly believe “I Can Control
Risk” but without threatening the positive injury mitigation strategies that this attitude also contains.
Harnessing this attitude could encourage holistic equestrian safety habits that understand the importance
of injury countermeasures such as the development of skills and confidence in equine interaction but
alongside the adoption of an Australian safety standard helmet.

In conclusion, our findings suggest that there is unharnessed potential in injury prevention approaches
that strengthen the enablers of equestrian helmet use. In this regard our research extends previous studies
of voluntary use of safety equipment in activities such as cycling [31,33,34,49,59], motorcycling [35,36]
and winter sports [38,39,48]. Previous studies on equestrian helmet use provide a valuable illustration of
the range of attitudes, beliefs and factors that result in helmet non-use [27–29,58]. Yet, through accessing
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naturalistic helmet use discussions between equestrians, we found that many of these factors can also
support helmet use. We also highlighted the added sensitivity required in the promotion of equestrian
safety equipment, due to the complexity of the horse and human relationship in not only creating [25], but
also mitigating, risks [40]. We have illustrated an unexplored and unrealized inroad for equestrian injury
prevention interventions by shifting the predominant research focus away from barriers to use, towards
working with already existing strengths and values held by “horse people” [60] that support and promote
voluntary helmet use [61]. Importantly, we identified an enabling attitude that “Accidents Happen”.
This attitude contained a holistic approach to injury prevention which valued increasing equestrian
skills, experience, confidence and positive horse/human interaction alongside the consistent use of
safety helmets because, despite best intentions, “Accidents Happen”. The findings suggest that values
important to equestrians already have the potential to assist mitigate risk. These included the importance
of a “strong” human and horse relationship, the influence of local “eque-cultural” communities, the
importance of acquiring knowledge of equine behavior as well as the impact of comfort and physical
sensation of riding. Injury prevention interventions might benefit from maintaining these important
values, and strengthening their influence on the desired behavior of helmet use.

5. Limitations and Further Research

The qualitative depth of this study exempts the findings from generalizability, but offers a unique
glimpse into the “everyday talk” [42] of equestrians about helmet use, providing a range of avenues for
further research. Whilst not immediately evident in the analytic phase, the data may have been affected
by differences in the target audiences of each forum (i.e., junior and adult, modern and traditional riding
styles, ‘English’ and ‘Western’ styles). Due to the online sampling, the lack of demographics available
about the authors of forum comments restricted larger conclusions that could link types of riders, form
of riding discipline, level of experience or population subgroups to particular helmet use attitudes. Given
that a rider’s ability to interpret horse behavior and body language could increase the predictability of
horses [62], it could also be beneficial to compare self-reported skills with objectively evaluated skills.
Such research should also determine the impact of high correlations on helmet use, as an ability to
correctly read and predict horse behavior is more likely to reduce the likelihood of an injury more than
its consequence. As with any piece of research, opinions expressed in the forums may have subsequently
changed. However, there have been no major environmental or legal changes in Australia since 2004 that
are considered to have significantly impacted helmet use or attitudes.

To determine the generalizability of these attitudes arising from a particular group of people using a
particular forum, further research could utilize surveys, interviews or focus groups with equestrians.
Doing so would provide the added bonus of gathering demographic information of riders, which
would add to a more detailed analysis of helmet use attitudes. Further research could also involve
quantitative research incorporating validated psychometric surveys of sensation seeking [63], as well
as evaluating self-efficacy or the physical and psychological impact of previous injuries on helmet use.
Focus groups could be particularly beneficial in relation to developing behavior change initiatives and
trialing public health messaging and communications. They would be particularly suited to evaluating
interventions leveraging from the attitude that “Accidents Happen” and the social implications for
individual helmet use decisions on the horses under riders’ care, their families and the broader equestrian
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community. Similarly, surveys and/or observational research methods could also be useful to extend
our understanding of the social influences on helmet use by considering using role models to promote
voluntary helmet use. Importantly, our research has shown that shifting the research focus away from
helmet use barriers has allowed the identification of already existing helmet use enablers. As a result,
behavior change may be acheivable not by challenging long-held and stubborn individual beliefs, but by
redirecting them into precautionary behaviors that benefit the whole community.
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Abstract: While the importance of improving horse-related safety seems self-evident, no
comprehensive study into understanding or reducing horse-related risk has been undertaken.
In this paper, we discuss four dimensions of horse-related risk: the risk itself, the horse,
the rider and the culture in which equestrian activities takes place. We identify how the
ways in which risk is constructed in each dimension affects the applicability of four basic
risk management options of avoidance, transference, mitigation and acceptance. We find
the acceptance and avoidance of horse-related risk is generally high, most likely due to a
common construction of horses as irrevocably unpredictable, fearful and dangerous. The
transference of risk management is also high, especially in the use of protective technologies
such as helmets. Of concern, the strategy least utilised is risk mitigation. We highlight
the potential benefit in developing mitigation strategies directed at: (a) improving the
predictability of horses (to and by humans), and (b) improving riders’ competence in the
physical skills that make them more resilient to injury and falls. We conclude with the
presentation of a multidisciplinary agenda for research that could reduce accident, injury
and death to horse-riders around the world.
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1. Background

Horse-riding is a hazardous activity. Each year, horse riders are injured, hospitalized or killed as a
result of horse-related accidents and injuries. Despite technological advancements in equestrian safety
equipment [1], horse riding continues to be found more dangerous than motorcycling, skiing, football,
and rugby [2,3]. Whilst injury can occur simply from handling horses [4–7], falling from a horse
constitutes a dangerous fall from height, possibly at speed. A rider’s head can be elevated up to 3 m
from the ground and horses can travel at speeds around 50 km/h. one study of children under 15 years
of age found that a ‘mean Modified Injury Severity Scale score of injured riders was exceeded only by
that of pedestrians struck by a car’ [8] (p. 487).

Improving safety for the millions of horse-riders around the globe is significant for moral, economic,
socio-cultural, and public health reasons. While the importance of improving horse-related safety seems
self-evident, no rigorous study into understanding or reducing horse-related risk has been undertaken
internationally in the academic literature. This may be due to a historical legacy of horse-riding being
a pre-modern sport with a robust culture that accepts the dangers of riding. It may also be due to the
difficulty of analyzing and mitigating the risks inherent in, and generated by, a complex socio-technical
network and interspecies interaction that is historically, socially and culturally constructed. Nonetheless,
complexity must be addressed to enhance the safety of millions of equestrians around the globe.

In this paper, we discuss four inter-related dimensions of horse-related risk: the risk itself, the horse,
the rider and the cultural context through which equestrian activities become meaningful. For each
dimension, we present an overview of current knowledge and offer a list of important questions that
remain. Moreover, we identify the repercussions of how risk has been constructed for each dimension.
Risk management strategies are commonly presented as four options: avoidance, transference (of
responsibility to a third party), mitigation and acceptance [9]. As argued throughout this paper, the
acceptance and avoidance of horse-related risk is high. Horses are frequently constructed as irrevocably
unpredictable and dangerous. As a result, most horse-related safety information concentrates on
avoiding injury by keeping out of horse-related danger. Risk transference is also high, in relation to a
reliance on insurance companies, professional trainers to manage difficult horses or the use of protective
technologies such as helmets, body protectors or even sedative substances. Lowest of all is mitigation,
particularly mitigation directed at: (a) improving the predictability of horses (through making horses
more predictable and making riders more able to predict their behavior); and (b) improving riders’
competence in the physical skills with the explicit intention of making them more resilient to injury
and falls.

To address the questions raised throughout the paper, we conclude with a list of recommended
methods for future data collection. Together, these questions and methods comprise a multidisciplinary
agenda for research that could reduce accident, injury and death to millions of horse-riders around
the world.
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2. Current Knowledge and Critical Questions

2.1. The Risk

As noted above, horses are dangerous and interacting with them is more or less risky. Horses are
often pushed to their physical and physiological limits in equestrian pursuits [10], resulting in risk to
both horses and riders. Research on horse-related risk is biased towards cross-sectional epidemiological
studies of injury type and severity [7], or the efficacy of technical interventions such as frangible pins on
jumping obstacles, helmets and back protectors [8,11–13]. With very little exception [13–15], a focus
on the causes and consequences of horse-related injury rather than prevention, could lead to researchers
being accused of ‘shutting the gate after the horse has bolted’.

Whilst risk analysis is an important aspect of risk research, especially for ranking risk, prioritizing
intervention and evaluating campaigns, risk-reduction requires changing the attitudes and behaviours of
participants in risky activities. Sandman’s model of risk communication is particularly useful in this
regard [16]. According to Sandman, ‘risk’ is most usefully understood not as the standard arithmetical
product of likelihood and consequence of an incident occurring (ISO 31000), but as the cultural sum
of ‘hazard + outrage’. Sandman discusses combinations of high/low risk/outrage on a 2X2 matrix and
their implications for crisis management. For example, the risk of autism being induced by childhood
immunization is a ‘low risk/high outrage’ concern. The cultural response of high outrage outweighs and
overshadows the objective risk but has had a significant impact on rates of failure to immunize.

Horse-related risk can be considered ‘high risk/low outrage’, suggesting a level of wide-spread
recognition of risk but a high degree of acceptance, complacency or inaction. The recommended strategy
for encouraging behaviours that reduce horse-related risk would then be to reduce the risks (see sections
on the rider and the horse below), whilst also increasing outrage (see ‘culture’, below). In particular,
outrage over horse-related injury needs to be increased amongst riders as well as the governments that
have the ability to financially support or legislate for change. As increasing outrage when there is no
available risk mitigation can lead to paralyzing fear and perpetuate complacency, there is a need to fortify
existing technical risk controls with behavioural, physical and cultural controls.

In relation to the risk dimension of horse-related risk, we therefore need to ask: How can horse-related
injuries be prevented?

(a) What contributes to complacency around horse-related risk?
(b) How can outrage over horse-related risk be usefully increased?
(c) What behavioural, physical and cultural controls can supplement existing technical controls?

2.2. The Horse

The risk of horse-related accidents and injury are well known and widely accepted. Risk is frequently
attributed to the ‘nature’ of horses as irrevocably unpredictable, fearful and flight-wired [17]. As
noted by Lawrence, even the most highly trained horses can be treated with suspicion, lest they go
‘feral’ and return to a state of unruly wildness [18]. This essentialist view of horses as more or
less ‘unchangeable’ could explain why horse-related risk intervention is largely technical, and risk
management is avoidance-based (as discussed in more detail below).
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In equestrianism, there has been a strong focus on using personal protective equipment (e.g., helmet,
boots, gloves and, more recently, body protectors) and maintaining horse equipment to safe standards
(e.g., checking stitching on saddlery). Whilst technical intervention has an undeniable role in reducing
the likelihood and consequence of an adverse equestrian event, the voluntary use of basic protective
equipment such as helmets use is low to inconsistent [11,12,15]. Technical intervention should therefore
not overshadow attention to horse behavior, or rider skill (discussed in more detail below).

Overall, there seems to have been more discussion about why horses are dangerous (e.g.,
unpredictable, large and flighty), rather than if, how and to what extent those risk factors can be
mitigated or even controlled. In fact, research suggests that the unpredictability of horses can be reduced
through behavioural interventions and approaches [19]. This is particularly encouraging, given that
a taken-for-granted assumption that horses are irrevocably unpredictable may contribute to a lack of
outrage about current levels of horse-related accident, injury and death. Even if horses are irrevocably
unpredictable based on the innate fears or a prey animal, there has been no consideration of the extent to
which their own need to feel safe could be reconfigured to reduce risk to humans. As noted by McGreevy
and colleagues, ‘the value of safety to animals is often overlooked by trainers and handlers’ [20]. This is
a firm reminder that feelings of risk, fear and safety are at least as important to horses as well as people.
As these equine desires may contribute to risks where their importance goes unrecognized, the corollary
is that they could be used to reduce risk where their importance is accommodated and addressed.

The unpredictability of horses suggests that risks may be higher amongst people with low levels of
knowledge of horse ethology and behaviour, since this can help to anticipate natural but undesirable
equine behaviours and responses. Evidence of breed differences in personality [21] and vision [22] has
been revealed, but there is little guidance on how to use this information to reduce the risks associated
with handling and riding certain horses. One exception is the recent ‘Guide to managing risks when
new and inexperienced persons interact with horses’ [23], that singles out Thoroughbred horses as
unsuitable for beginners. This seminal guide highlights the potential risk reduction benefits of applying
WHS principles to equestrian cultures. In workplaces, workers are given guidance and decision-making
support tools to safely operate dangerous plant, machinery or equipment through the identification and
control of hazards. However, professional, amateur or leisure riders are rarely given decision-making
tools for riding a given horse on a given occasion (i.e., the equivalent of a pre-flight safety check).
Although evidence of its adoption is lacking, the following seven point pre-ride equestrian checklist has
been suggested by Guyton et al. [24]:

(1) Am I wearing adequate protective gear?
(2) Is the tack durable and well-fit to the horse?
(3) Are the environmental conditions (weather, ground footing) safe for riding?
(4) Does the arena contain unfamiliar objects, animals, or people that may alarm the horse?
(5) Is the horse healthy and prepared for riding? Is the mood or behavior of the horse uncharacteristic

or concerning?
(6) Am I healthy and prepared for riding? Do I have an emotional or physical condition that may

impair my ability to safely ride this horse?
(7) Do the horse and I have a healthy relationship? Do I have concerns about my ability to assert

myself with this horse? [24]
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The list is entirely relevant, but can be significantly improved. The first two checks relate to
technology and are under direct control of the human. Checks Three and Four relate to the environment,
over which riders have less control, especially when riding in open spaces. Check Six relates to the rider
but ‘emotional or physical’ condition is rather broad, especially around the degree to which safety is
jeopardized. Checks Five and Seven relate to the horse, but require familiarity with individual horses or a
perceptive eye informed by knowledge of equine behavior. The idea of a ‘healthy relationship’ and being
‘assertive’ are both open to interpretation and relative to different equestrian disciplines. Moreover, being
able to interpret and predict equine behaviour may be a more useful risk-management tool than being
assertive. Check Six relates to the rider, but ‘emotional or physical’ condition is rather broad, especially
around the degree to which safety is jeopardized by particular conditions. Furthermore, Check Six does
not address specific physical skills essential for riding, such as those discussed in more detail below.

Overall, whilst the checklist comprises questions that are undoubtedly important to ask, most if not
all rely on a level of knowledge and expertise in their interpretation and assessment. There is particular
scope to incorporate objective checks of safety, quality of the human-horse relationship and resilience
to external or environmental stimuli. These can be undertaken first from the ground and then under
saddle in a confined area through testing basic responses such as deceleration, acceleration (sometimes
necessary to avoid hazards such as vehicles or other horses), reversing and turning.

Moreover, riders are not routinely given explicit advice on what to do if they assess a horse as unsafe,
i.e., additional controls, alternative (less dangerous) activities, strategies to improve the safety of a mount
(i.e., install robust deceleration responses and habituate the horses to common hazards). Whilst riders
may be given instruction that has the effect of improving safety, it may not be understood or framed
explicitly as a risk-management strategy. Rather, it may be seen as taken for granted tradition or
simply ‘just the way things are done’, as has been found in relation to risk management by volunteer
firefighters [25]. Riders too may already be engaging in risk-reduction practices that are tacit. The
explicit identification of practices that improve safety as risk-reduction strategies may encourage riders
not only to value, improve and maintain high standards of those practices and the horse’s response to
them, but to communicate those practices to other riders to create safer equestrian cultures.

It is tempting to construct the horse as an independent source of risk. Certainly, without a horse
there is no risk. However, from a safety systems perspective, there is a need to recognize the ways
in which risk is generated in, by and through socio-technical networks. Despite the importance of
matching riders with appropriate horses being acknowledged [24] and largely carried out on a basis of
experienced/inexperienced horse/rider [26], there is no widely accepted or validated means of assessing
experience for the purpose of determining safe horse-rider combinations. As environmental conditions
and stressors can impact the behavior of horses and riders, assessment needs to be undertaken in general
as well as on specific occasions, such as during competition, on return to work after an injury or in
unfamiliar surroundings.

In relation to the equine dimension of horse-related risk, we therefore need to ask:

(a) How well do riders understand horse behavior?
(b) How can increasing levels of knowledge about horse behavior improve safety?
(c) Which horses are most likely to be unpredictable for riders (e.g., age, breed, level of experience,

level of horse education, early preparation and history of unwelcome behaviour)
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(d) What physical and behavioural conditioning increases a horse’s predictability or make a horse
reasonably safe to ride?

(e) How might a horse’s preference for ‘safety’ be used to reduce risk?
(f) What benefits may be taken from OHS approaches to safety?
(g) How can a rider assess, train, maintain and improve a horse’s level of risk?

i From the ground
ii From the saddle

(h) What tacit practices do riders currently engage in without being aware of their risk-reduction
benefits, which could be emphasized?

(i) What tools could enable safer matching of horse and rider?

2.3. The Rider

Most—if not all—riders are aware of the risk of equestrian sports and mindful of their own safety [27].
Pony club manuals are replete with references to safe practices around horses [28–30] and the pony
club movement itself has a ‘safety first’ attitude. However, from a risk management perspective,
the most common strategies for improving safety around horses can be characterized as avoidance
strategies—keeping out of harm’s way. Aside from the safe use of safe equipment, being ‘horse safe’
usually refers to how to avoid being kicked, bitten, trampled or crushed. Once again, the reliance
on avoidance rather than control could be a repercussion of the construction of horses as irrevocably
unpredictable. As discussed above, there is very little overt discussion about how to manage or reduce
‘equinogenic’ risk.

Similarly, there is little overt discussion of the physical and postural skills that can increase a rider’s
resilience to injury or falls. Riders communicate to horses through ‘natural aids’; their hands (rein tension
increases for ‘stop’ and ‘turn’), legs (leg pressure increases for ‘go’), seat (classically conditioned weight
and balance cues for ‘stop’ or ‘go’), voice and various ‘artificial aids’ such as whips and spurs. The
self-awareness, timing and accuracy of the application of aids have been related to rider safety, especially
(1) rein pressure [tension and release], (2) leg stability and (3) balance and trunk stability [31]. When
these stimuli are applied incorrectly, inadvertently or simultaneously, they can cause miscommunication,
confusion, discomfort or pain for the horse. The horse may respond with evasive behaviour, resistance
or flight behaviour and anti-predator responses such as rearing, bucking or bolting, potentially leading
to rider injury or even death. Riders’ cues must be applied with awareness, accuracy, timing and
consistency to: (a) avoid or reduce the likelihood of a horse-related incident occurring; and (b) provide
the rider with the ability to safely respond to an untoward incident, thereby reducing the significance of
its consequences [32].

The mensuration of cues from riders’ hands and legs has commenced as part of equitation
science [33]. There may also be benefits in measuring levels of cognitive and somatic anxiety
in riders, as anxiety can impact horse-rider communication by affecting fine motor control and
decision-making [34,35]. High self-efficacy may reduce anxiety [36], although little is known about
riders’ subjective confidence in their proficiency in the application of those cues, based on self-report.
From a psychological perspective, high self-efficacy may mislead riders into over-estimating their safety
and/or taking increased risks [37,38].
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Furthermore, there is a need to know if and how riders associate their physical skills with safety,
especially in some of the more artistic equestrian disciplines such as dressage where a rider’s skills have
significant aesthetic value. There are several well established approaches to improving riding position
such as ‘centred riding’ [39] and ‘riding with your mind’ [40] that focus on riders developing better
feel, relating better with the horse, and becoming more effective as well as feeling and looking more
aesthetically pleasing. The simultaneous effect of these approaches on improving safety is largely taken
for granted and remains to be determined, as does the usefulness of ‘improved safety’ as a means to
motivate riders to adopt such approaches.

In relation to the rider dimension of horse-related risk, we therefore need to ask:

(a) How riders acquire and objectively perform skills related to horse safety?
(b) How riders subjectively self-evaluate the skills essential to horse safety?
(c) If and how riders and trainers associate physical ability with safety?
(d) What is the impact of existing rider position programmes on safety?

2.4. The Culture

As acknowledged by Sandman’s hazard/outrage model descried above, subjective perceptions of risk
do not always align with objective risk calculations [41], and not all strategies that reduce fear actually
reduce risk. Perceptions of risk can have a significant impact on the uptake of safety behaviours and
protective equipment. ‘Safety culture’ is a contested term that has been used in studies of organizational
culture to describe the ways in which workplaces do (or do not) value safety [42,43] or perform on
measures thought to indicate an organisation’s ‘safety climate’ [44]. The concept can be used to consider
the ways in which various equestrian cultures or ‘eque-cultures’ [45] impact on the safety of equestrians,
through cultural variation in risk perceptions, attitudes, beliefs and behaviours. In relation eque-culture
in general, safety is often poorly evaluated especially at the point of sale [14,46]. This is despite a
growing appreciation of the horse’s need to feel safe [20] and the range of responses a horse offers when
threatened [47]. In relation to racing eque-cultures, the common rehoming of racehorses to novice riders
is one example of a contemporary eque-cultural practice that presents risks to horses and humans. Whilst
the aim is often to reduce the risk of horses being unnecessarily euthanized, this practice may increase
the risk of a horse-related risk or injury to a human, and the potential mistreatment of a horse that is
subsequently labeled ‘dangerous’.

From a more socio-historical standpoint, the romantic cultural construction of horse riding as an
art can also conflict with practical considerations of risk. Since the Classical Greek period and
especially in the renaissance in Europe, equitation has been constructed as an art [48–50]. As with
any artistic endeavor, there is reverence for those who seem blessed with a natural affinity or ‘feel’ that
eludes explanation. In equestrian culture, there has always been an acceptance that some equestrians
have a natural ability to communicate seemingly telepathically with horses such that the two become
one [51,52]. These riders are said to have natural ‘feel’ [26]. However, equitation science is
helping to demystify many of the qualities that distinguish such individuals [32,53–55]. For example,
communication from rider to horse always relies upon at least some form of pressure cues, however
subtle [55]. These cues appear imperceptible in the best cases having been reduced from larger operant

245



Animals 2015, 5 568

cues [19] by a process of classical conditioning [56]. Different eque-cultures have different tolerances
for the ‘volume’ of cues to the horse and their visibility to bystanders.

Whilst equitation science has the potential to significantly reduce horse-related injury and death, it
would be disingenuous to present it as a panacea, at least uncritically. In any given population, there will
be varying levels of scientific literacy and diverse attitudes towards ‘scientific’ modes of thought, ranging
from supporters to skeptics. For some riders, the elusive experience of harmony is precisely what attracts
them to horse-riding [51]. For others, instruction from elite competitors is highly valued [26,27]. Some
resist a scientific framework of horse training, preferring leadership narratives that place them above
their horses in a perceived hierarchy [57]. Moreover, research has identified that the desire to achieve a
‘good’ human-horse relationship (or at least to ‘perform’ the achievement of a ‘good’ relationship) can
be a barrier to precautionary behaviour when such riders consider their ‘good’ relationship as evidence
of reduced risk and therefore a reduced need to wear protective equipment such as helmets [15].

This heterogeneity of styles of engagement with equestrianism, or ‘equestrian dispositions’, suggests
that safety information needs to be communicated in forms that resonate with riders of a multitude
of dispositions including scientific and artistic approaches to equitation. Understanding the cultural
specificity and generalizability of eque-cultures and equestrianism more broadly will be crucial to
effectively applying or adapting longstanding behavior change theories and models from health
psychology [58–61]; as well as theories of decision-making and threat and error management from
human factors and safety science [62]. Whilst different equestrian dispositions have been operationalized
from researcher experience [57] and through factor analysis [63], there remains a need to evaluate their
resonance with equestrians themselves. There is a particular need to understand what motivates the
behaviour of different equestrians to identify useful ‘irrelevant motivators’ [64] that could encourage the
adoption of protective behaviours in the short term and cultivate safety values in the medium to long
term. For example, signaling being fashionable or professional may be a powerful motivator for some
riders to wear helmets [65]. Others might be more motivated to wear helmets if they become a symbol of
the ‘toughness’ of their discipline, especially in traditional cowboy equestrian disciplines associated with
masculinity, bravery and resilience [66]. Regardless of the motivation, many riders will be influenced
by their peers, and could be engaged to replicate desired precautionary behaviours through ‘participant
modeling’ [36] by their role models.

In relation to the cultural dimension of horse-related risk, we therefore need to ask:

(a) How do riders perceive equestrianism in general and equitation science in particular?
(b) What are the different styles of engagement with equestrianism?
(c) What are the most powerful motivators for equestrians?
(d) How do riders consume safety-related information?
(e) How are the causes of horse-related injuries and deaths understood by riders?
(f) How is the use of horse safety equipment represented in the horse community?
(g) What are the socio-cultural dimensions and determinants of risk and safety?
(h) What are the socio-cultural barriers and enablers to improve rider safety?
(i) What are the elements of effective behavior change campaigns and programmes that increase

rider safety?
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3. Discussion

In this paper we critically reviewed four dimensions important to horse-related risks to horse riders.
Whilst they were presented discretely, they are mutually inclusive within a complex socio-technical
network and interspecies interaction that is historically, socially and culturally constructed. In relation to
the dimensions of risk, horses, riders and culture, we found that research on risk explains the intricacies
of what can go wrong, how often and what the consequences are. Research on horses is also problem
focused, arguing why horses are a source of risk. These biases favour risk-management options of
acceptance and avoidance. To take full advantage of risk-management strategies of mitigation, further
research is required on the extent to and ways in which the behavior of horses can be made more
predictable, and riders can be made more capable of predicting their behaviour. There is also a need
for research evaluating rider proficiency at performing and self-assessing the physical skills that increase
resilience to horse-related injury whilst riding. Finally, we considered the unavoidable and omnipotent
cultural context that affects riders’ behaviours, values, attitudes and beliefs regarding risk and safety.
Inconsistent levels of voluntary helmet use suggest that increasing the safety of eque-cultures and
equestrianism in general will require external legislation and internal transformation. Overall, we found
enormous potential for reducing horse-related risk through the risk management strategy of mitigation.

For each element of horse-related risk, we presented a list of research questions. Together, they
comprise a multidisciplinary agenda for further research that could significantly reduce accident, injury
and death to millions of horse-riders around the world. As these questions are multi-disciplinary, so too
do they require data from various sources, including but not limited to:

‚ Surveys and questionnaires—to obtain a wider perspective on a range of issues, and to generate
quantitative results for policy development and advocacy around horse and rider safety [67,68].

‚ Interviews and focus groups—to explore controversial subjects that pertain to risk and safety of
both the horse and rider [45,69].

‚ Ethnographic research—to study the actual practices of equestrians; and identify risk management
strategies consistent with the motivations, beliefs and values of eque-cultures [26,70–73].

‚ Media analysis—to identify how particular incidents and risks are reported (or not reported) and
relationships to the values, beliefs and practices of equestrians [15,67,74,75].

‚ Physiometry—to measure rider position and identify physical attributes positively correlated with
safety or resistance to being unseated [33,76–78].

‚ Psychometric research into fear [79], risk-taking propensity [80,81] and sensation seeking [82]
amongst riders and equestrian discipline—to identify target groups and tailor behavior change
interventions [38,83].

‚ Analysis of accident and injury reports (i.e., from inquests, insurance records and hospital
admission data)—to enable triangulation of objective and self-report data, especially around
risk [6,84,85].

‚ Inferential modeling - to determine predictors of risk and safety, animal attachment and target
group archetyping [86,87].
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To ensure that data are translated into effective safety intervention tools that can reduce numbers
of horse-related injury and death, researchers should focus on developing initiatives that (a) increase
outrage about preventable horse-related injury and death, and (b) reduce horse-related risk, such as:

‚ Ethical techniques and behavioral interventions to increase the predictability of horses
‚ Interventions to improve riders’ ability to predict horse behaviour
‚ Horse safety assessment and decision-making support tools
‚ Rider safety skills assessment tools
‚ Validated measure of horse training/riding style
‚ Behavior change for safe equestrian cultures

4. Conclusion: Horse/Human-Related Risk/Safety

As demonstrated throughout this paper, horse-related risk is generated through a complex
socio-technical network of risk, horses, humans and culture. Whilst these dimensions have
been recognized and in some cases researched, horse-related risk has typically been constructed
anthropocentrically; it originates in horses and it impacts humans. Moreover, safety is largely seen as a
concern for humans only, despite a desire for safety being a powerful driver of ‘unpredictable’ behavior
in horses (and an excellent reward for behavioural interventions). To overcome these biases, there is
apparent advantage in the widespread adoption of a more anthrozoological approach to horse-related
risk that includes human-related risk as well as human/horse-related safety. With human-horse safety
as the ultimate goal, this paper has identified unrealised opportunity to mitigate horse-related risk with
behavioural, physical and socio-cultural interventions that could make horses safer mounts, humans safer
riders, and equestrianism a safer culture.
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