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Abstract

Purpose The purpose of this study was to estimate the effect of the mechanism of trauma (fall versus kick), rider demograph-
ics, equestrian experience, protective equipment, and whether or not a horse was shod on the anatomic site of a horse-related
maxillofacial fracture, operating time, postoperative complication rate, and length of hospital stay.

Methods We retrospectively reviewed the medical records of patients treated for horse-related maxillofacial fractures at
a single institution in Germany between January 2000 and March 2015. We used linear and logistic regression to test the
above-mentioned variables for statistical correlations.

Results During the study period, we treated 138 horse-related facial fractures in 71 patients. The mean patient age was
34.5 years, and 80.3% of the injuries occurred in women. Most of the maxillofacial fractures were the result of a horse kick
(71.8%) when unmounted and the majority occurred in more experienced riders (70.4%). There was a significant association
of wearing of protective equipment with a shorter hospital stay and lower risk of postoperative complications.

Conclusion More education is needed in the equestrian community regarding the use of protective equipment when
unmounted. Safety helmets should be redesigned to include a faceguard and be worn at all times.

Keywords Horse - Maxillofacial fractures - Protective equipment - Complications - Equestrian experience - Trauma
mechanism

Introduction

In 2014, nearly 400,000 people in Germany required medical
treatment for maxillofacial trauma [1]. Sports-related acci-
dents are a common cause of facial injuries in Europe [2].
Equestrian sport is a popular recreational and competitive
activity in European countries [3]. The reported incidence
of horse-related injuries is higher than that in automobile

P< Simon Spalthoff
spalthoff.simon@mh-hannover.de

Department of Facial Surgery, Catholic Children’s Hospital,
Wilhelmstift, Liliencronstrasse 130, 22149 Hamburg,
Germany

Department of Oral and Maxillofacial Surgery, Hannover
Medical School, Carl-Neuberg Strasse 1, 30625 Hannover,
Germany

Department of Biometry and Environmental System
Analysis, Faculty of Environment and Natural Resources,
University of Freiburg, Freiburg, Germany

racing, motorcycle riding, football, and skiing, and is at least
as high as that in rugby. Therefore, equestrian sport is con-
sidered relatively dangerous, and the injuries sustained are
often more severe than those that occur in other sporting
activities. Head injuries in particular are disproportionately
represented in horse-related accidents and are also cited as
the major cause of mortality [4-8]. Twenty percent of all
horse riders suffer serious injuries resulting in hospitaliza-
tion, surgery, and/or long-term disability during their life-
time, which impose high financial burdens on the health care
system. The risk of these injuries is even higher in non-
professional riders [9, 10]. Nevertheless, the popularity of
equestrian sport is continuing to increase with every passing
year.

Previously used as a work animal, horses are now used
primarily for recreational and sports activities [11]. The head
of a mounted rider is approximately 3 m above the ground,
which contributes to horse riding being a high-risk sport.
Horse-related injuries can occur while the rider is mounted
(caused by a fall from the horse) or unmounted (usually due
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to being crushed, trodden on, or kicked). The risk of a maxil-
lofacial injury is particularly high in the unmounted situation
for the simple reason that the face is the most vulnerable
anatomic site when an equestrian is in close proximity to a
horse on the ground [8, 11-14].

In recent years, there has been a steady campaign to
raise awareness about safety when horse riding. Wearing
a safety helmet and back protector is recommended in Ger-
many, depending on the type of equestrian sport and skill
level. In the UK, Chitnavis et al. reported a 46% reduction in
horse-related injuries over a period of 20 years after safety
guidelines for riders were revised. The main reason for this
decrease was the reduction in number of head injuries due to
wearing of a helmet [6]. Nevertheless, many riders continue
to wear no protective equipment, regardless of whether they
are mounted or unmounted [15]. There is debate in the lit-
erature regarding the protective effect of helmets and the risk
factors for facial injuries [5, 6, 11, 14, 16, 17]. A particular
criticism against riding helmets is that they are designed to
withstand a force of only 80—100 J, whereas the force of a
kick from a horse is around 400 J [18]. Furthermore, the
face is left unprotected because normal safety helmets do
not include a faceguard.

The purpose of this study was to investigate the circum-
stances, mechanisms, and anatomic sites of horse-related
facial injuries as well as the use of protective equipment
in a German urban area in an effort to inform the devel-
opment of new strategies for injury prevention in equestri-
ans. We hypothesized that most horse-related maxillofacial
injuries would occur in less experienced equestrians when
unmounted on the basis that they would be less trained in
the handling of horses and less aware of the need to wear
protective equipment. The specific aims of the study were to
estimate the effects of the mechanism of trauma (fall versus
kick), rider demographics, equestrian experience, wearing of
protective equipment, and whether or not the horse was shod
on four response variables, i.e., postoperative complication
rates, operating time, length of hospital stay, and fracture
site.

Materials and methods
Study design and sample

This retrospective observational study included patients who
had undergone surgery for horse-related facial fractures in
the Department of Craniomaxillofacial Surgery at Hannover
Medical School between January 2000 and March 2015 and
for whom complete data were available. The patients were
identified by searching the hospital’s medical database for
ICD codes pertaining to facial fractures (Table 1) and filter-
ing for horse-related trauma. Patients with soft tissue injuries
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Table 1 ICD codes used to identify horse-related maxillofacial frac-
tures during the study period

ICD Diagnosis

S02.0 Skull roof fractures

S02.1 Skull base fractures

S02.2 Nose fractures

S02.3 Orbital fractures

S02.4 Fractures of the maxilla and zygoma

S02.5 Tooth fracture

S02.6 Mandibular fractures

S02.7 Multiple fractures of the skull and facial bones
S02.8 Fractures of other skull and facial bones

S02.9 Fractures of the skull and facial bones, parts not defined

only, patients who were crushed by horses, and those who
were treated conservatively were excluded. The study pro-
tocol was approved by the regional Ethical Review Board of
Hannover Medical School and was conducted in accordance
with the tenets of the Declaration of Helsinki. Informed con-
sent was not required for this study because all patients who
receive treatment at our institution consent to use of their
clinical data for research purposes as a part of their contract
with the hospital.

Study variables

The data set contained information on the mechanism of
injury (fall or hoof kick, whether or not the horse was shod),
fracture site (mandible, maxilla, zygoma, orbit, and/or nose),
patient demographics (age and sex), medical details on asso-
ciated injuries (brain, abdominal, thoracic, limb, and/or mul-
tiple trauma), self-reported experience of the rider (novice,
advanced, or professional), and use of protective equipment
(helmet and/or vest).

Statistical analysis

A descriptive analysis was performed for the demographic
data. We used linear and logistic regression to test the sig-
nificance of multiple dependent variables (Table 2) on the
four response variables, namely postoperative complication
rate, operating time, length of hospital stay, and fracture site.
We tested for collinearity between variables used in the same
model and excluded those that were problematic. The post-
operative complication rates were fitted to a generalized lin-
ear model with a binomial link and included explanatory fac-
tors (type of trauma, rider age and sex, level of experience,
whether or not protective equipment was worn, whether or
not the horse was shod, and other injuries). The effects of the
other above-mentioned variables on the logarithmized oper-
ating time and logarithmized length of hospital stay were
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Table 2 Statistical linear and logistic regression models used in this study

Outcome (response) variables Predictor variables

Interactions

Postoperative complication rate Type of trauma
Rider age and sex

Rider experience

Type of trauma and horse shoeing status,
type of trauma and wearing of safety
equipment

Wearing of protective equipment
Whether or not the horse was shod

Operating time Type of trauma
Rider age and sex

Rider experience

Wearing of protective equipment
Whether or not the horse was shod

Length of stay Type of trauma
Rider age and sex

Rider experience

Wearing of protective equipment
Whether or not the horse was shod

Fracture site Type of trauma
Rider age and sex

Rider experience

Wearing of protective equipment
Whether or not the horse was shod

tested in a linear regression model. Interactions between
trauma and whether or not the horse was shod and between
trauma and whether or not protective equipment was worn
at the time of injury were tested for significance in all the
models. The outcome at the fracture site was tested against
several potential explanatory factors using a generalized lin-
ear model with a multinomial link and a binomial link after
aggregating sites for the midface and mandible. Models that
included more than four predictors were selected by stepwise
regression analysis using a backward selection procedure
based on the Akaike information criterion value. All statis-
tical analyses were performed using R statistical software
(R Core Team [2018]. R: A language and environment for
statistical computing. R Foundation for Statistical Comput-
ing, Vienna, Austria) on a Linux machine. A p value <0.05
was considered statistically significant.

Results

Seventy-one patients had undergone surgical treatment for
138 horse-related maxillofacial fractures during the 15-year
study period. Fifty-seven (80.3%) of the 71 patients were
female and 14 (19.7%) were male (giving a female-male
ratio of 4.1:1). The mean patient age was 34.5 years (range,
7-78 years; standard deviation, + 16.6). During the study
period, we treated approximately 200 patients with maxillo-
facial fractures per anno, resulting in a prevalence of horse-
related facial fractures of approximately 2.37%. More than
50% of the injuries occurred in the final 6 years of the study.
Table 3 shows the distribution of fracture type according

to patient demographics (age and sex), timing of the acci-
dent (season, day of the week, and time of day), associated
injuries (brain, abdominal, thoracic, limb, and/or multiple
trauma), self-reported equestrian experience of the rider
(novice, advanced, or professional), and use of protective
equipment (helmet and/or vest).

Most of the injuries occurred in patients who described
themselves as experienced or professional riders (70.4%;
unknown in 12). Protective clothing was worn in 34.5% of
cases. Helmets and vests were worn by 67% of beginners
but by only 44% of advanced riders and 33% of professional
riders. Consequently, experienced riders used protective
equipment significantly less often (beginners vs. advanced
riders, p=0.05; beginners vs. professional riders, p =0.03).

A kick was the most common cause of fracture at all
facial sites. Approximately two-thirds (67%) of fractures
caused by kicks were localized to the midface, with the
remainder being localized to the mandible. The majority
(85%) of fractures resulting from falls affected the midface.
No factors were significantly associated with the site of
fracture.

In 7 of the 51 cases caused by a hoof kick, the horse
involved was shod; in 31 cases, the horse was not shod (it
was unknown if the horse was shod or not in 13 cases). There
was no statistically significant difference in operating time
(p=0.39) or postoperative length of hospital stay (p=0.73)
according to whether or not the horse was shod. However,
when confounding factors such as rider age, sex, experi-
ence, and other injuries were accounted for when testing the
effects on operating time and length of hospital stay, only
age (p=0.03) and whether or not protective equipment was
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Table 3 Associations between the fracture site and other study variables
Total patients  Total fractures  Fractured orbit Fractured Fractured nose Fractured max-  Fractured
(n=171) (n=138) (n=37) zygoma (n=27) (n=23) illa (n=31) mandible
(n=20)
Age, years
Child< 13 6 10 3 2 1 2 2
Adolescent 13-17 5 10 3 3 3 1
Adult 1840 35 64 13 11 10 16 14
Adult 41-65 23 50 17 10 9 11 3
Adult> 66 2 4 1 1 0 1
Sex
Male 14 27 10 5 4 5 3
Female 57 111 27 22 19 26 17
Protective equipment
Helmet* 17 31 9 8 4 6 4
Helmet and vest 2 2 2 0 0 0
None 36 73 17 12 14 18 12
Associated injuries
Brain 28 63 20 16 10 13 4
Cervical spine 2 4 0 0 0 2 2
Thoracic 2 3 2 0 0 0
Extremity 2 6 2 2 0 1 1
Polytrauma 3 5 1 0 1 1 2
None 36 57 12 9 12 13 11
Skill level
Novice® 9 12 4 2 4
Advanced 30 61 17 14 9 14
Professional 20 38 8 6 8 8

*Numbers may not always add up because of missing information

worn (p=0.08) had marked effects on length of hospital stay
(Fig. 1). The older the patient, the longer the hospital stay.
Wearing of protective equipment at the time of the accident
decreased the average length of hospital stay by a factor of
0.75.

All riders kicked by a shod horse (n="7) developed compli-
cations after surgery. In all other cases, the likelihood of post-
operative complications was reduced if a helmet was worn;
29 (81%) of 36 patients who were not wearing a helmet at the
time of the accident developed complications; whereas, only 5
(29%) of 17 who were wearing a helmet developed complica-
tions (Fig. 2). Other factors tested, including sex, age, level of
experience, and whether or not other injuries were present, had
no significant effects on the complication rate either as a single
explanatory variable or in combination with other variables.
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Discussion

In this study, we investigated the circumstances, mecha-
nisms, and sites of horse-related facial injuries, as well as
the use of protective equipment in a German urban area.
Our hypothesis was that most of the maxillofacial injuries
occurring in equestrians would be sustained by less expe-
rienced riders when unmounted. This theory was based
on their relative lack of experience in handling horses and
their presumed lack of awareness of the need to wear pro-
tective equipment. The specific aims were to estimate the
effects of the mechanism of trauma (fall versus kick), rider
demographics, equestrian experience, wearing of protec-
tive equipment, and whether or not the horse was shod
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Fig.1 Effect of age and use of protective equipment on the length
of hospital stay after a horse-related maxillofacial fracture. The lines
refer to the predictions of a linear regression where length of hospital
stay was logarithmized (here the prediction is re-transformed) based
on a data set of 55 patients (16 patients gave no information on their
protective equipment), according to whether or not they were wearing
protective equipment at the time of the accident. The black solid line
indicates the patients who were not wearing protective equipment and
the red line indicates those who were wearing protective equipment.
The shaded gray areas represent the confidence interval (with stand-
ard error of the mean)

on four response variables, namely fracture site, operat-
ing time, postoperative complication rate, and length of
hospital stay.

The finding that most horse-related maxillofacial frac-
tures occurred when the rider was not mounted or wearing
protective equipment partially confirmed our hypothesis.
However, the finding that the majority of injuries were sus-
tained by professional riders rather than novices was unex-
pected. Moreover, experienced riders were less likely to have
been wearing a safety helmet or vest at the time of the injury.

Maxillofacial fractures are usually the result of inter-
personal violence, motor vehicle accidents, sports, or falls

Fig.2 Probability of postopera-
tive complications according to

and are mainly sustained by young men [2, 16]. Horse rid-
ing is unique in this regard, because it is the only sport in
which women are injured more often than men [5, 6, 10, 13].
Equestrians who sustain horse-related injuries are typically
young women aged around 30 years who ride for recrea-
tion and know their mounts well [14, 17]. Our finding that
80.3% of the injuries occurred in women is consistent with
most published reports [5, 6, 10, 13, 15]. More than 50% of
the injured equestrians in our study were aged 18—40 (mean
34.5) years, which is again similar to the data in the literature
[16]. In line with the increasing popularity of equestrian
sport and the greater number of riders [3], more than half
of the documented injuries occurred in the final 6 years of
our study.

Facial fractures have been reported to account for
195—-54% of all horse-related injuries [17, 19]. These inju-
ries are associated with lengthy hospitalization, need for
surgery, long-term disability, and a high financial burden to
the health care system [3, 9, 10]. We investigated 138 facial
fractures in 71 patients and found that in most cases, the
fracture occurred in the midface, particularly the orbit. This
finding is similar to that of a previous study, which reported
a midfacial fracture rate of 58% [20]. Similar results were
reported by Lee and Steenberg and by Antoun et al. [14, 16].
Statistically, no factors were significantly associated with
the site of fracture.

The high incidence of horse-related facial fractures can
be explained by the mechanism of trauma. In our study, most
(71.8%) of the injuries were caused by hoof kicks. A kick
from a horse can transfer a force of 10,000 N to the human
body, and the face is the most common site of injury [11,
14]. Meredith et al. investigated maxillofacial fractures in
unmounted equestrians and found that a hoof kick was the
mechanism in 69% of cases [12]. Similar results were found
in the study by Islam et al., in which 71% of all injuries were
caused by hoof kicks [20]. Weber et al. also found that horse
kicks were the leading cause of midfacial fractures [21], the

Probability of postoperative complications
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most common of which were orbital fractures. In a study by
Eckert et al., 66.7% of riders with facial injuries caused by
hoof kicks sustained fractures of the orbit, midface, and/or
mandible [22].

Surprisingly, there was no statistically significant effect
on the operation time concerning all the analyzed depend-
ent variables. We had expected increased operation times
when the horses were shod due to more severe facial trauma
caused by increased force transmission. However, this
assumption was not statistically proven.

Nevertheless, there was some influence on the overall
severity of horse-related trauma. Injuries resulting from
kicks by shod horses were always associated with postopera-
tive complications (e.g., an infection, nerve lesion, or blind-
ness), reflecting more severe, blunt-force trauma inflicted
by horses wearing metal shoes. Wearing of safety helmets
had no influence on the risk of postoperative complications
subsequent to kicks by shod horses but was associated with
decreased risk of complications subsequent to kicks from
unshod horses. Our findings support the recommenda-
tion that protective equipment should be worn at all times
whether the rider is mounted or unmounted.

Interestingly, the length of postoperative hospital stay was
longer not only for older patients, which is already a widely
known fact, but also for patients who were not wearing pro-
tective equipment at the time of injury, which suggests that
protective equipment may protect against more severe injury
patterns.

Despite horse riding being a high-risk sport, protec-
tive equipment is rarely used by equestrians, regardless of
whether they are mounted or unmounted. In our study, only
34.5% of the patients were wearing helmets and/or back
protectors at the time of injury. Other studies have reported
helmet compliance rates of 6-61% [9, 13, 20]. Since the
compliance rate does not seem to be time dependent, the
increase in horse-related injuries over recent years possi-
bly reflects the increasing popularity of equestrian sport.
The literature consistently shows that safety helmets have
a protective effect against brain injuries [6, 8, 22]. In the
UK, Chitnavis et al. reported a 46% reduction in horse-
related injuries over a period of 20 years because of the
revised safety guidelines for riders [6]. Only one study
has investigated the potential benefit of wearing a helmet
to protect the face, and its findings were negative [17].
Even with a helmet, the face is still vulnerable to a horse-
related injury, especially a hoof kick. Therefore, in our
opinion, a helmet cannot protect against facial injuries
unless it is fitted with a faceguard. The common reasons
cited by equestrians for not wearing a helmet are that they
are unnecessary (43.8%) or uncomfortable (29.9%) [23]. In
our study, we did not find a consistent relationship between
length of hospital stay and wearing protective equipment
in patients who had been kicked by shod horses, but the
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hospital stay was shorter in all other patients who had been
wearing helmets. This finding suggests that helmets offer
some protection against kicks by unshod horses, which are
known to cause less severe injuries than kicks by horses
wearing metal shoes.

It is estimated that 20% of all equestrians have an injury at
some point in their riding career, with the risk being highest
in novices [9]. However, in our study, 70.4% of the injuries
were sustained by riders who self-reported as advanced or
professional and only 12.7% by novices, which is contrary to
our hypothesis. Individuals who ride for a living have more
contact with horses, including horses that are excitable and
not necessarily well handled. Hence, their risk of injury may
be higher. Furthermore, many adult horse riders are women
who started riding for recreation at young ages and have
accumulated many years of experience around horses. It is
possible that their risk awareness decreases over time due to
constant contact with horses, especially when unmounted.
It has been reported that 18—-64% of horse-related injuries
could be avoided by more vigilance and experience on the
part of the rider, better training of horses, and routine use of
protective equipment [24]. Half of the injured equestrians
in our study had additional injuries. Islam et al. similarly
reported that about 33% of their patients had other inju-
ries [20]. This is important information for clinicians, and
hence, we recommend a multidisciplinary examination for
all patients with horse-related trauma.

We believe that more education and preventative meas-
ures are needed to prevent horse-related injuries in the
equestrian community. All equestrians need to be knowl-
edgeable about horsemanship and should have good han-
dling skills, especially when unmounted, and know the
situations in which an injury is more likely to occur. They
must recognize that experience does not protect against
injury. Ongoing training for novices combined with close
supervision by more experienced riders, and regular remind-
ers for industry professionals concerning safety measures
are needed. Helmets need to incorporate a face shield and
should be worn at all times.

This study had some limitations, which stem mainly from
its retrospective design, relatively small sample size, and
the collection of data from only one urban center. First, we
cannot be certain whether or not all patients’ experience in
terms of riding and handling horses was accurately recorded.
Second, we cannot be certain that all the patients in the study
who were injured whilst unmounted were actually horse
riders. The number of injuries that occurred in non-riding
individuals was unknown. Third, the study was inevitably
uncontrolled, so we were unable to assess the actual pro-
tective effect of a safety helmet. Worthwhile avenues of
research in the future could include establishing whether or
not the passing of legislation to ensure more safety training
and use of modified protective equipment at all times would
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alter the frequency and severity of horse-related maxillofa-
cial fractures.

In summary, horse-related maxillofacial fractures are
often the result of horse kicks and are more likely to occur
in experienced equestrians not wearing protective helmets
while handling horses on the ground. The hospitalization
time was longer not only in older patients, as expected but
also in those who were not wearing a protective helmet at the
time of injury. These findings underscore the importance of
more education and reminders in the equestrian community
regarding the use of protective equipment and safety proce-
dures, especially when unmounted.
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