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in their effects on the victim. This review of literature covering horse-related injuries to human beings
sought to identify rider and handler injury incidence and the relationships between antecedents and de-
mographics of incidents. Review and evaluation of previously recommended prevention strategies were
also undertaken.

There was evidence that recent technological advances in protective equipment may have mitigated
some injuries but the frequency of the incident has not changed. Despite several authors acknowledging
the important role the horse played in many of the incidents, there was little specific detail about this
role recorded. The emerging field of equitation science will contribute important insights that make
horse-use safer by reducing the ‘‘unpredictability’’ aspect of horse–human interactions.
� 2010 Elsevier Inc. All rights reserved.
Introduction

Despite millennia of horse domestication and training,
horse-riding and handling is still acknowledged as a
dangerous pastime (Nelson and Bixby-Hammett, 1992;
Abu-Zidan and Rao, 2003; Lim et al., 2003; Jagodzinski
and DeMuri, 2005; Seibenga et al., 2006; Ball et al.,
2007; Mayberry et al., 2007; Kiss et al., 2008; Bilaniuk
et al., 2009). Although injuries incurred in horse-related in-
cidents can be very serious and even fatal, recreational
equestrian activities continue to grow in popularity in
many parts of the world. Recent advances in learning the-
ory and ethology as applied to horses in the form of equi-
tation science are likely to reduce the injury risk to
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people involved with horses, for example, by clarifying
ethological challenges at the horse–human interface
(McGreevy et al., 2009). Demystifying horse-training
should make horse interactions with human beings more
predictable. Although the mechanisms that underpin effec-
tive training are being more broadly accepted, there is also
opportunity for exploration of the communication processes
between the 2 species (Feh and de Mazières, 1993;
McGreevy et al., 2004; Keeling et al., 2009; McGreevy
et al., 2009). To this end, we reviewed the data published
in English over the past 20 years to collate the data avail-
able on injuries to human beings in horse-related incidents.
We sought to identify any consistent trends in the demo-
graphics of those injured, causes of injury, risk factors for
injury, role of personal protective equipment, and recom-
mendations by authors of the articles for prevention of
injury. We were particularly interested in identifying
horse-related causes for human injuries.
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Materials and methods

A review of the articles cited was undertaken through the
Web of Knowledge and Scopus databases using ‘‘horse-
related injuries’’ and ‘‘equestrian injuries’’ as the search
terms. We excluded articles that specifically covered the
racing industry, as our aim was to target the sporting and
leisure horse industry. We clustered data into the following
4 broad categories:

� Adult and child riders and non-riders (19 articles)
� Adult-only riders and non-riders (4 articles)
� Child-only riders and non-riders (3 articles)
� Veterinarians (2 articles)

Non-riders included horse handlers and bystanders.
Veterinarians were included as a specific occupational
group to compare whether handling injuries differed from
handling injuries to owners. Because all articles reviewed
used different measures for evaluating incident rates and
injury severity, we tried to express as many of the variables
as was possible as simple percentages. We also reviewed
Australian Government statistics on horse-riding demo-
graphics using reports 4177.0 and 4901.0 downloaded from
the Australian Bureau of Statistics website.
Results

Demographics of horse-riders

In its analysis of participation in sports, the Australian
Bureau of Statistics (ABS, 2007) defines people aged .15
years as adults. It reports that the most populous cohort par-
ticipating in horse-riding among persons aged .15 years
was in the age group 35 to 44 years (27%), followed by
the 25 to 34 years age group (20.6%). The 45 to 54 years
age group made up 19.1% of horse-riding participants
and the 18 to 24 year age group made up 16.4%. The 15
to 17 and the 55 to 64 years age groups made up 9.7%
and 7.1% of the horse-riding participants, respectively.
There were no data available from this resource on the
age distribution of children involved in equestrian activi-
ties. Females made up 80% of adult (aged .15 years) par-
ticipants in equestrian activities (ABS, 2007) and 86.8% of
equestrian participants aged ,15 years (ABS, 2009).

Demographics of those injured

Studies of adults and child riders only (Table 1) reported
a bimodal pattern to injury frequency, with most injuries
occurring in the second and fifth decades of life (Loder,
2008). Females predominated in younger age groups but
males were more highly represented in older age groups.
Some authors reported that although fewer males appeared
in younger age groups, they often presented with more
severe injuries as compared with their female counterparts
(Jagodzinski and DeMuri, 2005; Cuenca et al., 2009). In the
non-veterinary adults-only studies (Table 2), average age
was reported to be within the fourth and fifth decades.
Bilaniuk et al. (2009) found that patients older than 50
years were more likely to sustain fractures of ribs and tho-
racolumbar vertebrae, whereas patients younger than 50
years were more likely to present with concussion and frac-
tures of the upper extremities. Upper extremity injuries also
figured prominently in studies of equestrian-related trauma
in children, with contusions, abrasions, and fractures
showing a broadly equal frequency.

Patients aged ,35 years were represented in greater
numbers as compared with other age groups (Tables 2 and
3). Females represented 20% and 26%, respectively, of
those injured in the veterinary studies (Table 4). No age-
related data were recorded in these 2 studies.

Causes of injuries

The most common mechanism of injury in the studies,
except for the veterinary-specific studies, was falling and/or
being thrown from the horse (range, 46%-83% of inci-
dents). Injuries among non-riders were most often caused
by kicks (range, 0.8%-41% for riders and handlers, 7%-
82% handler and bystanders). Veterinarians reported that
79% of injuries were caused by kicks (Lucas et al., 2009).
Bites did not figure highly as a cause of injury.
Risk factors for injury

Jagodzinski and De Mura (2005) found significant risk
factors for horse-related accidents included being female,
participating in English-style riding, and riding 15 to 24
hours per month. Kiss et al. (2008) found that children
who owned horses (or whose families owned horses)
were more likely to receive injuries during handling.

Most of the studies found that riding incidents typically
occurred within 3 years of the rider’s first horse-riding
experience. Clarke et al. (2008) showed that novice riders
(categorized as those with fewer than 100 hours riding ex-
perience) were more vulnerable to accidents than riders
with greater experience. In an earlier study, Ingemarson
et al. (1989) had found that young horses and horses whose
height was .148 cm were associated with an elevated risk
of injury. They also observed lower risk in trotting than the
galloping gaits.

Williams and Ashby (1995) reported that horse-related
accidents were more common in warmer than in the cooler
months. Accidents most often occurred in a field or pad-
dock. This study also found horse behavior to be the
most significant factor in horse-related incidents and that
the majority of case reports alluded to the horse showing
a fear response. Ball et al. (2007) also reported some factors
related directly to the horses involved in their data set. In



Table 1 Summary of articles that covered children and adults

Author(s) and

year of

publication

(Country

period

of data

collection)

Accident rate

per 100,000

people

Female

(%)

Most

frequent

injury

Most frequent

site of injury

Severity

(ISSa score)

Hospitalization-

related

statistics

Age group

features

(years)

Most common

mechanism

of injury Context

Rider-related

features

Horse-related

features

Abu-Zidan and

Rao, 2003

(prospective

hospital

records,

Australia,

1994-2000)

59 Fractures Head and face

27%,

neck 5%,

chest 8%,

abdomen 6%,

pelvis 8%,

back 13%,

upper limb

32%,

lower limb 30%

Mean 7.2 100% as cases

selected by

hospital

admission.

Those that had

more than one

mechanism of

injury stayed

longer

Mean age

females: 31

Mean age

males: 38

Falls 67%,

kicks 16%,

other 17%

Park or public

place 55%

of incidents

Amateurs:

66%

Bilaniuk et al.,

2009 (New

Jersey,

2004-2007)

84 .50 yrs, rib

fractures 23%,

T-L-S spine

fractures 18%

,50 yrs,

concussion 22%,

upper extremity

fracture 16%

Chitnavis

et al., 1996

(UK, 1991)

75 Head 6%, upper

limbs 42%,

lower limb 38%

24% 10-20 yrs,

26%;

20-30 yrs

23%

Riders (78%

of caseload):

Falls 83%,

crushed by

horse

falling 14%,

struck obstacles

55%,

entrapment

in reins 5%

Bystander/

handler

(22% of

caseload):

kicked or

stamped on

82%, bitten

10%, run into

by horse 8%

Amateurs:

75%

professional:

25%

Cripps, 2000

(Australia

Bureau of

Statistics

mortality

records

1979-1998)

0.13 deaths

per

100,000 people

(7.8 horse-

related

deaths per

100,000

participants)

15-24 yrs of

age: 54%

35-54 yrs

of age: 29%

15-24 yrs

(54%

female) and

35-54 yrs

(71% males)
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Cripps, 2000

(hospital

data Australia

Institute of

Health and

Welfare

1996-1997)

17 estimated

incident cases

of horse-

related

injury per

100,000

people

5-34 yrs of

age: 58%.

From age

of 35 on,

males have

a higher

accident

rate than

females

Fracture,

intracranial

injury

Upper

extremity,

head

Average

length of

stay 3

days

10-14 yrs, Falls or being

thrown

Exadaktylos et al.,

2002 (Bern,

Switzerland,

2000-2001)

65 Fractures

or deep

lacerations

Faceb Mean age,

female: 27

Mean age,

male: 31

21% of the 80

equestrian

accidents seen

at the hospital

were from

direct hoof

kick.

All unmounted;

standing next

to or behind

horse.

(Japan,

1985-1991)

Bruises

(38.7%),

fractures

(23.2%),

abrasions

and

lacerations

(21.4%)

Lower limb

23.7%,

shoulder

and upper

limb 20.4%,

chest 17.7%

565 patients 0-9,

16 patients 10

or greater

Kicks 39.2%,

falls 18.1%,

trampling

15.3%

Handlers

only

Ingemarson

et al., 1989

(Sweden,

1969-1982)

More females

than males

injured until

25 years of

age, then

females and

males same

rate of injury

until after 46

years of age

when males

have higher

injury rate

Fracture of

skull with

cerebral

contusion or

laceration

Head 72%,

chest 15%,

abdomen 11%

NA NA Riding schools:

11-15 yrs

Competition

riders:

16-20 yrs

Falls 49%,

kicks 16%,

trampling 4%,

horse

rolling over 9%,

miscellaneous

16%

68%

falls in

public places

59% had ,6 yrs

experience

Increased risk with

younger horses,

horses .148 cm,

Less risk trotting

(continued on next page)
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Table 1 (continued)

Author(s) and

year of

publication

(Country

period

of data

collection)

Accident rate

per 100,000

people

Female

(%)

Most

frequent

injury

Most frequent

site of injury

Severity

(ISSa score)

Hospitalization-

related

statistics

Age group

features

(years)

Most common

mechanism

of injury Context

Rider-related

features

Horse-related

features

Loder 2008

(retrospective

NEISS system

analysis USA

2002-2004)

66 Contusions/

abrasions

30.8%,

fractures

28.3%,

sprains/strains

17.6%, brain

injuries 11.6%,

lacerations

5.6%

Head and neck

28.9%, upper

extremities

29.7%, lower

extremities

16.4%, multiple

body locations

1.1%

Average

age 30.0 6

17 yrs

(33.8%

,18 yrs)

Fall 58.7%,

thrown or

bucked from

horse 22%,

riding 8.6%,

stepped or

rolled on by

horse 3.8%,

kicked by

horse 2.3%,

performing

ground care

1.9%, while

mounting

horse 1.8%,

dragged by

horse 0.4%,

horse vs. motor

vehicle 0.2%,

shoeing horse

0.1%, miscella-

neous 0.4%

At home 35.9%,

recreation/

sporting facility

30.4%, on farm

18.5%, public

property 12.3%,

street or high-

way 2.5%,

school 0.5%

Mayberry et al.,

2007

(Retrospective

survey of riders

USA, 2003)

84 Bruises/

lacerations

46%,

fractures

18%

Extremity 64%,

chest 18%, face/

scalp 16%, brain

9%, neck 9%,

spinal cord 3%,

abdomen 3%,

pelvis 2%

Median

age, 44

Riding skill level:

Novice 9.9%,

intermediate

40.4%, advanced

36.5%, instructor

or professional

12.4%

High incidence of

injury in first 18

hours of experi-

ence then abrupt

reduction by 80%

at 100 hours. Near

zero incidence at

5000 hours

Moss et al., 2002

(United

Kingdom,

Surrey,

2000-2001)

85 Fractures Upper limb

29.2%,

lower limb

22.3%,

head 17.3%,

multiple 11.2%,

thoracolumbar

10.8%,

pelvis 5%,

neck 3.1%,

abdomen 1.2%

Median

age: 26

Falls 78.5%,

kicks 11.1%,

bites 0.8%,

trodden on

5.4%,

injury while

leading horse

3.1%
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Nelson and Bixby-

Hammett, 1992

(Review of

English

language

literature 1966-

1991 mortality

and hospital

admission

reviews)

Females

predominate

in mortality

data (80% and

89%) and hospi-

tal admission

data 68%-85%.

Females suffer

more injuries

than males

52%-87%

Fractures

28%-48%

Upper

extremities

(30%-61%),

head

(10%-28%)

10-19 yrs Fallsc

Newton and

Nielsen, 2005

(Colorado,

2000-2003)

38 Fractures Average

8.5

Average

hospital

stay 72

hours

36-55 age

range highest

representation

Falls from

horse 74%,

stepped on

by horse 9%,

horse rolled

on person

11%, head

hit horse

2%, other 2%

70%

incidents

occurred

during

recreational

pursuits,

68% were

injured

riding or

tending

rental horses

80% incidents

due to loose

cinches and

saddle slip.

Rider

carelessness,

mismatching

horse to rider:

Beginners:

55%,

Novices: 10%,

Experienced

riders: 35%

Smartt and

Chalmers, 2009

(New Zealand,

2002-2003)

233 per 100,000

but when

include only

‘‘regular

ridersd’’, rate

rises to 469 per

100,000.

In 13-15 age

group rises to

900 per

100,000

66 Fractures/

dislocations

of limb and

girdle bones

followed by

skull, spine

and pelvic

bones

Head and neck

23%,

abdomen or

lower back

18%,

lower leg 17%.

Median age,

31 but female

cases younger

(median 28 yrs

vs. 38 yrs for

males)

10-14 yrs age

group highest

number of

incidents

Riders: Falls 70%

Bystander/

handlers:

Bitten/struck

by horse 20%

41% during sport

or leisure activ-

ities, 98.2% all

cases were

sustained dur-

ing horse riding

with ,2% at-

tributed to

horse racing,

polo and rodeo.

Place of

occurrence

unspecified

(32%), 24% on

farm, only 1%

were reported

in a school

Sorli, 2000 (Review

of health and

coroner

databases

British

Columbia,

Canada,

1991-1996)

62 Fractures Head 20%, upper

limb 19%, lower

limb, 18%, trunk

18%, spine 7%,

unspecified

makes up

remaindera

25%: ,10, 36%:

16-34, 37%:

35-83

(continued on next page)
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Table 1 (continued)

Author(s) and

year of

publication

(Country

period

of data

collection)

Accident rate

per 100,000

people

Female

(%)

Most

frequent

injury

Most frequent

site of injury

Severity

(ISSa score)

Hospitalization-

related

statistics

Age group

features

(years)

Most common

mechanism

of injury Context

Rider-related

features

Horse-related

features

Thomas et al.,

2006

(Review of

NEISS data USA

2001-2003)

35.7 per 100,000

population p.a.

59 Contusions/abra-

sions 31.4%,

fractures

25.2%,

strains/sprains

15.8%,

concussion/

internal head

injury 9.7%,

lacerations

7.7%,

haema-

toma1.8%,

dislocations

1.8%, other/

unknown 6.6%

Head/neck 22.3%,

upper trunk

17.7%, lower

trunk 14.6%,

upper extremi-

ties 21.5%,

lower extremi-

ties 22.2%,

other 0.9%

12% 10-14,

9.8% 15-19,

10.3% 35-39,

11.5% 40-44

Fall 78.9%, struck

by or against

24%, crush

13.2%, overex-

ertion 5.3%,

bite 1.7%,

other 0.7%

Williams and

Ashby,

1995 (Victoria,

Australia,

collection

periods varied

by hospital but

were in the

period

1988-1995)

16 (whole

state 5 18)

Of cases

involving

children: 77

Of cases

involving

adults: 59

Fractures

followed by

soft-tissue

injury.

Fractures

accounted for

43% of child

injuries and

30% of adult

injuries;

soft-tissue

injuries 335

child injuries

and 29%

adult injuries

Upper limbs (50%

children, 34%

adults), lower

limbs (17%

children, 27%

adults), head

and face (22%

children, 20%

adults), rib

fractures (4%

of adults only),

face and scalp

4%

27% (but 48%

in total

required

referral or

review after

initial

consultation

in ER)

10-19yrs Falls (77%

of all cases),

crushesdhorse

rolled on or

stood on

victim (7%),

kicks (4%),

rider being

dragged (2%)

Accidents

more common

in warmer

months, field/

paddock most

common site of

incident. Horse

behavior largest

factor in

accident

(39%)

97% of cases

occurred

when riding

the horse

Horse behavior

given as

factor in 61%

accidents

involving

children

(compared

with 39% of

those

involving

adults)

As above,

retrospective

study

1991-1993

56 Extremities, then

head or spine,

then trunk

24% Professional: 76%

Recreational:

24%

Bold entries include data on handler injuries.
aInjury Severity Score.
bAll patients reported wearing a helmet at the time of injury but, as noted by the authors, helmets do not protect the face.
cUnable to determine if some of these injuries occurred during handling rather than riding.
d‘‘Regular riders’’ being defined in this study as children over 5 years and adults who had ridden at any time in the last month.
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their study, horses had a median age of 7 years and between
0 to 60 months of training. Both Ball et al. (2007) and
Newton and Nielsen (2005) retrospectively interviewed pa-
tients about the accidents and therefore provided informa-
tion on the cause of those accidents. The causes they
listed included horse having ‘‘spooked,’’ horse not having
been trained for riders’ ‘‘input demands,’’ bad temperament
(presumably of the horse), equipment failure (including
loose girths/cinches), rider inexperience or carelessness,
and the rider ‘‘simply having fallen.’’

In a study by Ball et al. (2007), riders had a mean of 27
years experience. In contrast, Ng and Chung (2004) and
Abu-Zidan and Rao (2003) found no association between
rate of hospital admission and a rider’s status (leisure or
professional), previous riding or injury experiences, or
presence of supervision at the time of riding. Similarly,
Kriss and Kriss’s report (1997) also showed no correlation
between victims’ age, gender, or level of experience.
Common injuries

The areas of the body most vulnerable to horse-related
injury are the head, hand or wrist, foot or ankle, and spinal
cord or vertebral column. There is some evidence that older
riders may be more vulnerable to thoracic injury. Contu-
sions, abrasions, and fractures figure prominently. Concus-
sion and brain injury were reported commonly in studies in
which helmet usage was limited.
Effect of personal protective equipment

More recent articles found that improvements in helmet
design and greater acceptance of the need to wear helmets
when riding have helped to reduce the number of head
traumas arising from horse-related accidents (Chitnavis
et al., 1996; Moss et al., 2002; Abu-Zidan and Rao, 2003;
Lim et al., 2003; Mayberry et al., 2007). There was some
evidence that helmeted riders may sustain more facial in-
juries (Lim et al., 2003). Several articles predicted that
the advent and adoption of protective vests may contribute
to a drop in trunk injuries (Ball et al., 2007; Kiss et al.,
2008; Bilaniuk et al., 2009), but the effectiveness of these
vests has not been fully evaluated (Thomas et al., 2006).
Protective footwear that provides ankle support has also
been advocated to prevent ankle and foot injuries associ-
ated with horse-related incidents (Ceroni et al., 2007).
Injury-prevention strategies

A summary of prevention strategies proposed by the
authors of articles within the current review appears in
Table 5. Lucas et al. (2009) also suggested that personal
protective equipment, such as helmets and vests, may
prevent serious injury to veterinarians treating horses.
Discussion

Generally, the studies considered in the current review
agree that horse-riding and handling are dangerous activ-
ities. Factors contributing to the inherent dangers of contact
with horses include the size and unpredictable nature of
horses, elevation of riders on horseback well above the
ground, the kicking force of the horse, which is estimated to
be approximately 1,000 N, and the speed of horses (up to
65 km/hr).

There was agreement that horse-related incidents can
lead to a wide range of injuries, from mild contusions to
death. Kiss et al. (2008) noted that one quarter of all lethal
sport injuries in children are caused by horse-riding,
whereas Ceroni (2007) concurred with the previous re-
search, reporting that horse-riders can expect to be involved
in a serious accident once in every 350 hours of contact
time. In contrast, motor-cyclists have an expected rate of
1 serious accident every 7,000 hours. Furthermore, horse-
riding injuries were responsible for significant numbers of
hospital admittance days across the studies. Ten of the arti-
cles listed hospital admissions, with 5 specifying average
hospital stays of 3 days or more (Cripps, 2000; Newton
and Nielsen, 2005; Ball et al., 2007; Kiss et al., 2008;
Cuenca et al., 2009).

Several studies reported a horse-related accident rate
ranging from 16 to 233 per 100,000 people (Williams and
Ashby, 1995; Jagodzinski and DeMuri, 2005; Smartt and
Chalmers, 2009). When only ‘‘regular riders’’ were in-
cluded, the rate rose to 469 per 100,000 (Smartt and
Chalmers, 2009). This compares with a dog-related injury
rates of 12.1 per 100,000 for males and 10.4 per 100,000
for females (Renate and James, 2005). Despite the higher
injury rate associated with horses, there is a glaring omis-
sion of legislation covering horse-related activities in
many countries (Fleming et al., 2001; Thomas et al.,
2006), even though legislation designed to mitigate injury
exists for apparently less common motor-cycle or dog-
related incidents.

Demographics of those injured

The age- and gender-related distribution of horse-related
accidents may simply reflect the demographics of the riding
population. Figures from the Australian Bureau of Statistics
show that the highest percentage of adults riding horses
coincides with the highest frequency of adult injuries in the
fourth and fifth decades of life. The ratio of females to
males (6:1) aged ,15 years participating in horse-riding
activities, as reported in 4901.0 Children’s Participation in
Cultural and Leisure Activities (ABS, 2009) corresponds
broadly to the ratio of injuries to females and males found
in several of the articles covering this age group (Table 3).

Novice riders in their first 100 hours of riding appear to
be at more risk of horse-related injury (Mayberry et al.,
2007) and this would account for the high number of
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females in the 10 to 14 years age group represented in many
of the studies, as presumably many children are beginning
their riding careers in this period. It does not account for
handling and riding injuries being more common among
horse-owning human beings, or explain why males, espe-
cially those in their fourth or fifth decade, should be
more likely to suffer serious injury than females in the
same age group. Cuenca et al. (2009) noted that younger
males in their study were less likely to wear helmets or
other safety gear. Perhaps, older males take more risks or
ride the more unpredictable animals. Williams and Ashby
(1995) also suggest that higher representation of males in
the 40- to 49-year age group is a reflection of occupational
injury. Several studies found that experience did not neces-
sarily moderate the severity of injuries and that risk of se-
rious injury, including those among veterinarians, could be
a function of cumulative exposure (Ball et al., 2007; Loder,
2008; Lucas et al., 2009). Arguably, experience in itself
would not be preventative if new knowledge has not been
incorporated into practice. Alternatively, it would be useful
to identify if more experienced horse-riders and handlers
are exposed to more reactive horses as part of their cumu-
lative exposure.

If serious injury is a likely result of exposure to horses,
then the centuries of horse management, training, and
education to date appear to have done little to prevent
injuries to human beings in their interactions with equids.

McGreevy et al. (2009) argue that because riding horses
has no biological analogues in nature, riders and trainers
must use learning theory and novel interspecific signals to
control the horse under saddle. This underpins the impor-
tance of consistent and well-timed signals to elicit clear lo-
comotory responses in the horse and the need to minimize
horses’ autonomy when they are ridden or handled. Failure
to do so will result in ethologically predictable, but poten-
tially very dangerous, flight or fight responses to permeate
the ridden (and handled) horse’s behavior. Confusion
among horses can often result when novice riders, who
have yet to develop adequate skills, body control, or bal-
ance, apply pressure signals that are inconsistent and inde-
pendent of attempts to stay on-board. Furthermore, to be
safe when ridden, horses must be under the control of inter-
species signaling system rather than environmental stimuli.
The good news is that there appears to be only a small num-
ber of signals from human beings that are required to cue
even the most elaborate equine responses (e.g., in elite level
equestrian sport).

Causes of injuries

There are many reasons that a rider may fall from a
horse. Sometimes the rider simply loses balance. The
growing understanding of the influence of the rider on the
horse’s stability and balance (Peham et al., 2004; Lagarde
et al., 2005; Peham et al., 2008; Symes and Ellis, 2009)
has yet to be acknowledged in published data on horse-
related injury. There is no current reliable measure of
what constitutes a secure seat or how this can be evaluated.
Being physically capable of controlling reins does not nec-
essarily confer immediate control of the horse if the horse
has not been trained to respond to the negative reinforce-
ment mechanisms that rein pressure is intended to elicit.
Changes in the horse’s gait and direction unforeseen by
the rider can also unseat the rider.

Poor stimulus control of the horse by the rider and
activation of the flight response are two aspects of horse–
rider interactions that warrant further investigation as a
means of preventing or mitigating horse-related accidents
(McGreevy and McLean, 2007). Records of the type of ap-
paratus being used at the time of any injury may assist in
analyzing the controllable aspects of the horse–rider inter-
action. Avoidance of severe bits may at first glance seem to
reduce the rider’s control. However, it may also speak of
the need for stronger bits as a result of habituation to milder
ones. A more thorough understanding of bit mechanism and
its role in negative reinforcement reveals how habituation
to bit pressure actually makes the horse’s response more
unpredictable. Any move toward milder biting apparatus
must be accompanied by an improved understanding of
learning theory (Warren-Smith and McGreevy, 2008). In
the long-term, the use of modern materials, such as ‘‘smart
textiles’’ that are self-tightening (for cinches) or ‘‘memory
foam,’’ may lead to the development of safer equipment
than is currently available.

The finding that the ‘‘galloping gaits’’ are associated
with more accidents is not surprising; not only do they
involve higher velocity, but the biomechanics of these gaits
dictate that the rider experiences forces in the medial/lateral
as well as in the cranial/caudal plane (Johnston et al., 2004;
Lagarde et al., 2005; Lovett et al., 2005).

Handlers, including veterinarians, and bystanders are
most commonly injured by horse kicks. Kicking is a normal
part of the equid ethogram (McDonnell and Haviland,
1995) and one of the few active defense mechanisms that
the horse possesses to deter aversive stimuli. In very young
foals, the kick is a reflex response to pressure on the plantar
aspect of the hind limb (Waring, 2003). A kick is, therefore,
potentially the usual response to a stimulus that is uniden-
tified or alarming. Horses may have to actively learn to sup-
press this natural behavior through habituation or operant
conditioning when a human being is in close proximity to
their hind limbs. The behavior of the human being some-
times overrides this habituation (e.g., when administering
a needle or appearing suddenly behind a horse) so that
the horse becomes more likely to kick.

Effect of personal protective equipment

Personal protective equipment has reduced the severity
of some horse-related injuries among riders. Equipment,
such as helmets (particularly those with face guards) and
protective vests, could also reduce injuries to horse handlers



Table 2 Summary of articles covering adults only

Author(s) and

year of

publication

(Country

period

of data

collection)

Female

(%)

Death

rate

Most

frequent

injury

Most frequent

site of injury

Severity

(ISSa score) Hospitalization

Mean age

group

(years)

Most common

mechanism of

injury Context

Rider-

related

features

Horse-

related

features

Ball et al., 2007

(Canada

1995-2005)

40 7% Fractures,

pneumothoraces

and

hemothoraces

Chest 54%, head

48%, abdomen

22%, skull 18%,

extremity

fractures

17%, spinal

fractures 17%,

pelvic fractures

15%, spinal

cord 6%,

neck 1%

Mean 20

(required

a ISS .12 to be

admitted

to study)

13 days 47 60% falling from

horse, 16%

crushed by falling

horse, 8% kicked,

4% stepped on,

13% otherb

Outdoors 88%,

wide open spaces

45%, dry dirt

38%, uncultivated

land 37%, sunny

87%, summer

55%, afternoons

53%

Mean 27 yrs

experience,

rode Western

style. 6% riders

,1 yr experience,

47% riders had

been injured

previously

Horse median

age 7 yrs and

training range

0-60 months.

Horse ‘‘spooked’’

35%, not trained

for rider’s input

demands 27%,

bad temperament

15%, simply fell

12%, equipment

failure 6%, rider

inexperience 5%

Johns et al.,

2004

(retrospective

study hospital

admissions

Auckland, New

Zealand,

1994-2001)

76 Only

fatalities

studied

Soft tissue 29%

Upper extremities

25%, lower

extremities 24%,

head 19%

Mean 5 34 29% falling from

horse, 17%

thrown from horse,

23% crushed by

horse, 18% kickedb

Leisure

riders

predominate

Ng and Chung,

2004 (prospective

study Hong

Kong, 2002)

Minor injuries

60%, fractures

and dislocations

29.1%

Upper limb

injuries

23.6%

33 Riders: falling

from horse 60%,

non-riding 72%,

kicked or

trodden on 7%

No association

between rider’s

status, previous

riding or injury

experiences or

presence of

supervision at

time of riding

with rate of

admission

Clarke et al.,

2008 (Ohio,

1993-2004)

50 7% Orthopedics

19%,

neurosurgery

6%, general

surgery 5%,

urology/

vascular 8%

Head and face

38%, thoracic

26%, spinal

column or cord

22%, pelvis 21%,

extremity

injuries 21%

35 ± 8 in

non survivors

15.5 surgery

patients, 12.3

non-surgery

patients

42 Fall from horse

68%, crush 12%,

kicked 8%,

trampled on 5%

(interpreted

from graph)

Novice riders

(i.e., ,100 hours

riding) more

vulnerable to

accident

Bold entries include data on handler injuries.
aThere was trend for kick injuries to occur at work rather than in the leisure-riding environment.
bUnable to determine if some of these injuries occurred during handling rather than riding.
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Table 3 Summary of articles covering children only

Author(s) and

year of publication

(Country period of

data collection)

Female

(%)

Most

frequent

injury

Most frequent

site of injury Hospitalization

Age-

related

data

(years)

Most common

mechanism

of injury Context

Rider-related

features

Horse-related

features

Jagodzinski and

DeMuri, 2005

(USA 2002)

62 except

more males

in ,4 yrs

age group

Contusions/

abrasions

28.6%,

fractures

27.7%

Head and face

38%,

upper extremities

24%,

lower extremities

20%,

chest 9%,

abdomen 8%,

pelvis 4%,

neck/cervical

spine 4%,

back/thoracolumbar

spine 8%

Mounted:

Falls from horse

52%, fell off and

kicked 4%, fell

off and stepped

on 4%, fell off

and dragged,

entrapped or

other 5%

Unmounted:

kicked 29%,

stepped on by

horse 4%,

crushed or dragged

by horse 2%

Sporting

venues

most

common,

followed

by home

Risk factors:

Female OR (odds

ratio) 5 1.81,

English-style

riding OR 5 1.77,

riding 15-24

hours per month

OR 5 2.04

Kiss et al.,

2008 (Hungary,

Austria

1999-2003)

90 Contusions Riding:

Head/neck 24%,

upper arm 14%,

forearm 6%, wrist/

hand17%, trunk

22%,

lower leg 4%,

ankle foot 12%,

Handling: Head/neck

19%, upper arm 45%,

forearm 15%, wrist/

hand 19%, trunk

24%, lower leg 4%,

ankle foot 15%

Children with

familiar horse

average hospital stay

2.88 days

Children with

unfamiliar horse

average hospital

stay 7.33 days

Mean

age: 11

Falling from

horseback 70.5%,

falls with horse

6.3%, kicks 0.8%,

bites 4.5%,

collision 2.7%,

trampling 2.7%,

other 3.6%

Incidents

typically occur

3 yrs after first

horse-riding

experience

Ownership of

horse associated

with more injuries

during handling

but injuries

associated with

riding more

common if

children did not

own horse

Cuenca et al.,

2009 (Florida,

11-yr period)

82, although

boys more

likely to have

polytrauma

Lacerations

and contusions

58%,

orthopedic 31%

Orthopedic 34%, Head

23%,

Abdominal 21%, Chest

11%,

Multiple 13%

50% required

admission

(64% without

helmets vs. 39%,

with helmets).

Average stay

4 days

Median

age: 12

82% falling or

thrown, 6%

kicked, trampled

or trapped under

animala

12% during

competition

Bold entries include data on handler injuries.
aUnable to determine whether some of these injuries occurred during handling rather than riding.
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and bystanders. However, it should be noted that even
current ‘‘gold-standard’’ helmets are not designed to with-
stand the focused force within a direct blow from a horse
kick. Despite the undeniable evidence that wearing per-
sonal protective equipment does reduce the severity of
horse-related injury, some authors noted a resistance to do
so among certain riders (Ball et al., 2007). It is unclear
whether this resistance is cultural or based on factors
such as personal comfort. Extremity injuries may be re-
duced through the use of protective equipment, such as
pads and gloves, similar to those designed for motorcycle
racing. That said, personal protective equipment is effective
only in mitigating the damage that can be incurred. Of
course, it does not prevent the dangerous situation arising
in the first place.

Preventative strategies

The ‘‘unpredictable’’ nature of horses is commonly cited
as a cause of human injury. Recent advances in ethology
and equitation science may make horse behavior more
predictable (McLean and McGreevy, 2010). A clear under-
standing of the probable behavior patterns a horse can ex-
hibit in a given context would help riders and handlers to
predict and manage such behaviors. Horse trainers may
be able to address this aspect of horse behavior through a
more thorough application of current advances in learning
theory (McLean, 2008; McLean and McLean, 2008).

We question the practicality of some of the preventative
suggestions listed in Table 5. The concept of close supervi-
sion is laudable but, in practice, a horse that is shying,
bucking, rearing, or bolting, (i.e., displaying flight re-
sponses) will not respond safely to indirect instruction or
intervention by even the most experienced supervisor.
The only supervisors who could be effective in these cir-
cumstances would have some control of the horse through
a long rein or lead and would need considerable knowledge
and skill. Similarly, indoor facilities are not always avail-
able and it seems impractical to ask riders to stay indoors
and avoid ‘‘unsuitable’’ terrain until they have accrued 3
years of experience. Finally, it is obviously impossible to
‘‘avoid hind legs of horses at all times.’’

As horse behavior figures so prominently as a precipi-
tating factor in as many as 61% of incidents (Williams and
Ashby, 1995), consideration of variables associated with
the horses must form the foundation of effective injury pre-
vention and mitigation. We agree with Nelson and Bixby-
Hammett (1992) that further research for data on safety
around the breed and training of the horse are needed. Ap-
plication of recently developed knowledge on breed-typical
behavior (Lloyd et al., 2008) could help horse-riders and
trainers make informed choices on the suitability of certain
breeds for work requirements. Breeds that score lower on
anxiousness and excitability presumably make better
mounts for novice (and therefore unpredictable) riders.
Ingemarson et al. (1989) observed that young horses are



Table 5 Accident-prevention strategies identified by authors in articles on horse-related injuries in humans

Horse-related factors Rider-/handler-related factors Parental/instructor factors Equipment factors Environmental factors

Horse fed and watered Children to be developmentally

capable of a secure seat and to

control extremities in order to

control horse through reins

Close parental supervision of

children

Regular thorough checking of

tack. Saddle fit should be snug

and stirrup size

appropriate for rider

Avoid excessively soft or muddy

ground and ditches, holes, and

uneven terrain with rocks or

exercise caution if these sur-

faces are unavoidable

Smaller horses, temperament

of horse

Training in horse safety (e.g.,

horse behavior, falling

techniques, banning

wrapping reins or leads around

limbs or neck)

Good knowledge of horses and

their behavior

Safety stirrups should be used Riders to be limited to indoor

schools until greater than 3 yrs’

experience

Avoid hindlegs of horses at

all times

Rider’s skill level matched to ap-

propriate horse (e.g.,

novice riders on horses older

than 5 yrs)

Parental training schemes in

horse behavior and risks

involved

Avoid bareback riding

Children to be warned of horse

‘‘danger zones’’

Personal protective

equipment to be used when

riding and handling horses

(e.g., mouth-guards,

face-shields, non-stick

protective gloves),

appropriate footwear (e.g.,

support the ankle, smooth

soles, definite heel), safety

vests/chest protectors,

approved helmets, adoption of

wrist protectors

Senior riders should take steps to

prevent osteoporosis

Avoid alcohol consumption before

and during horse activities
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more commonly associated with accidents, implying that
older horses behave differently. In learning theory terms,
it would be appropriate to conclude that older horses are
more habituated to their environment or in optimal practice
have well-consolidated and reliable responses and are
therefore less reactive. This would be perceived as their be-
havior being more predictable. Alternatively, horses that
have behaved too unpredictably (as perceived by their hu-
man handlers) may have been culled from the riding popu-
lation over time. This possibility is reflected in Ödberg and
Bouissou’s (1999) study showing that wastage in young
horses is often because of perceived behavioral problems.
We can only speculate that taller horses are associated
more with serious injury (Ingemarson et al., 1989) because
there is farther to fall.

Recent advances in applying learning theory to horses
contradict Mayberry et al.’s (2007) view that horses cannot
be fully tamed. Horses with poorly trained acceleration and
deceleration responses, both in-hand and under-saddle,
show a positive correlation with unpredictable hyper-
reactive and conflict behaviors (especially elements of the
flight response). Retraining of basic operant responses
must form part of everyday horse–human interactions to re-
inforce obedient and predictable equine behavior (McLean,
2005). An understanding by riders, instructors, and parents
of the role of learning theory and desensitization in horse-
training (Christensen et al., 2006; McLean, 2008) would
also reduce conflict and confusion in the horse and rider/
handler dyad. The same can be said for practical applica-
tion of knowledge about the action and effect of equipment
on horses (Quick and Warren-Smith, 2009; Meschan et al.,
2007). Keeling et al.’s (2009) recent study showed that
horses appear to be affected by the arousal state of their
riders or handlers. The rider also influences a horse’s gaits
(Peham et al., 2004) and may play an underestimated role
in disturbing the horse’s centre of balance causing the horse
to stumble or become less predictable in its gaits. Many of
the preventative strategies suggested by the articles re-
viewed here call for more training in horse behavior for
horse-riders and handlers. This should include evidence-
based explanations of learning theory and equine ethology
(McGreevy et al., 2009). Just as horses and riders cannot be
considered as separate entities when assessing perfor-
mance, strategies for preventing injuries must always
include the equine member of the dyad.

Conclusions

Horse-related injuries to human beings are relatively com-
mon, and unfortunately, can have a profound effect on the
quality of life of the injured human being. Numerous
studies over the past 2 decades have reported factors as
recorded by medical staff that may have contributed to
incidents involving horses. However, generally collation of
horse-related factors is only limited in these studies and
verification of the horse’s behavior and the specific stimuli
to which it was responding in the context of the incident is
virtually absent. We propose that, in light of the increasing
body of knowledge related to horse behavior, emphasis
should be placed on the epidemiology of horse behavior in
horse-related accidents so that more effective preventative
strategies can be implemented. Such strategies should
include incorporating learning theory principles into horse
and rider training to reduce flight and defense responses in
horses (particularly in those destined for novice and child
riders and handlers), and the generation of effective,
verified, safety protocols when riding and handling horses.
Legislation requiring the mandatory wearing of approved
helmets and footwear should be encouraged. As equitation
science gains currency as a way to study and improve horse
welfare and performance, it is important to acknowledge
the roles of equine ethology and learning theory in
enhancing rider safety.
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