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Abstract: This retrospective cross-sectional epidemiological study deals with sport-specific injury
patterns in show jumping. A total of 363 show jumpers of all levels (S) answered a retrospective
questionnaire about injuries and overuse damages which occurred in the course of their careers.
Demographic data and information on injuries in various body regions were collected. In addition
to descriptive analysis, significance tests were performed. For better statistical comparability with
other sports, exposure time was extrapolated with total career duration and weekly training hours,
and injuries per 1000 jumping hours were calculated. The study included 251 (69%) women and
112 (31%) men, who were on average 26.9 & 10.9 years old. The injury rate for the entire collective
was 3.7 per 1000 h of exposure. The most frequently affected body region was the head (31%).
Overuse complaints play a subordinate role and mainly affect the upper extremities (65%). The riders
of the professional lower performance levels are less likely to injure themselves per 1000 h than riders
of the higher performance levels. Riders who often or always wore a helmet suffered significantly
fewer head injuries (p = 0.008) and had a significantly lower total injury duration than riders who did
not wear a helmet (p = 0.006). Similarly, the study showed that riders who often or always wore a
safety vest suffered significantly fewer spinal injuries (p = 0.017) and had significantly fewer injuries
per 1000 riding hours (p = 0.031) than riders who did not wear a safety vest. Based on the present
results, there should be an extension of the general helmet requirement and a requirement to wear
safety vests in show jumping in general.

Keywords: epidemiology; equestrian sports; trauma; sports injuries; show jumping

1. Introduction

Show jumping is a discipline of equestrian sport in which various obstacles in a
marked area as a course must be overcome in a specified sequence and in a specified
time by horse and rider [1,2]. The height, type and distance of the various obstacles have
a significant influence on the level of difficulty. An obstacle can be set up as a single
obstacle or as a combination of different obstacles. Additionally, the difficulty level is
influenced by the distances of the obstacles. A good equestrian training and a high quality
and fitting material equipment is crucial. As “proper equipment for horse and rider” the
German Equestrian Federation gives the following basic equipment: Riding helmet, riding
breeches, riding boots, riding gloves, protective vest, saddle (with girth, stirrups, stirrup
leathers, stirrup lock and saddle pad), snaffle (with bit and halter), auxiliary reins and leg
protection [1,2]. Both sexes compete in the same category [2]. The performance level (S)
in show jumping divides the riders into different groups according to successes, special
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qualifications (e.g., horse manager, trainer qualifications) and riding badges taken. The
classification ranks from S7 (trial license) to the best performance level S1 in descending
order. In principle, all performance classes are permitted in competitions; however, the text
of the announcement of the respective competition is decisive [2,3].

Equestrian sport in general is associated with multiple possibilities for injury and the
competitive sport in particular can be classified as a risky sport. Show jumping ranks as
one of the most accident-prone disciplines [4,5]. Serious polytrauma results predominantly
from combination falls of horse and rider. An inversely proportional correlation between
equestrian experience and the frequency of equestrian accidents is described [5].

Since January 2021, a general helmet obligation has been introduced for almost all
equestrian disciplines [2]. According to data, only about 9—-40% of riders wear a helmet
during an accident, although the risk of head and neck injuries is reduced fivefold [6,7].

Research on current publications related to horseback riding revealed some general
research on horseback riding injuries of all riding disciplines. To date, there is hardly any
literature considering injuries specific to show jumping and different riding levels in show
jumping [8,9]. Lechler et al. observed an injury rate between 1.1 and 2.1 injuries per 1000 h
of riding [8].

The aim of this study is to record and evaluate sport-specific overuse and injury
patterns of all body regions and injured structures in show jumpers of all performance
levels, as well as differences between genders and protective equipment. The collected data
should lead to a further development of preventive as well as protective measures to make
the sport safer.

2. Materials and Methods

The retrospective cross-sectional epidemiological study was carried out using a ques-
tionnaire analogous to previous studies in accordance with the Helsinki Declaration and
after review by the responsible ethics committee of the University of Duisburg-Essen
(09-4123-BO) [10-12]. The questionnaires were distributed to 363 active show jumpers of
different performance levels and filled in straightaway under the supervision of medical
staff who were available to answer questions and explain ambiguities. The questionnaires
were filled out voluntarily and anonymously. Every rider in possession of a valid FN
annual competition license (riding license) with the performance level endorsement S6
to S1 could participate in the survey. Trial license holders (S7) were excluded for better
comparability. Participants were randomly selected at official show jumping competitions
in Germany. The age range of the participants was between 10 and 69 years. Demographic
data and information about injuries in eight different body regions were collected. In addi-
tion, for better statistical comparability with other sports, exposure time was extrapolated
with total career duration and weekly training hours, and injuries per 1000 jumping hours
were calculated.

Statistical Analysis

The statistical evaluation was carried out using IBM SPSS Statistics 25 software (IBM,
Armonk, NY, USA). Within the context of descriptive statistics, a calculation of the mean
value and the standard deviation (M £ SD) was performed. All values were tested for
normal distribution with the Kolmogorov-Smirnov test. In addition to the descriptive
evaluation of the number of injuries in the different body areas, the influence of the vari-
ables, gender and performance level, on the number of injuries per body area was also
investigated. For this purpose, the sum of the injuries was first calculated for each body
area from the number of injuries relevant to the body area in each case. Subsequently,
significance tests were performed with this sum variable. Due to the non-normal distribu-
tion of the sum variable, non-parametric tests were used. For the dichotomous variable
gender, a Mann-Whitney U test was used in each case. For the multilevel variables riding
experience and performance class, Kruskal-Wallis tests were performed first in each case. If
this revealed a significant difference between at least two groups, pairwise Mann—-Whitney
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U tests were then calculated to investigate between which groups there were significant
differences in the number of injuries. Values of p < 0.05 were considered as significant.

3. Results

A total of 363 riders participated in the study, divided into 251 (69.1%) female and
112 (30.9%) male riders. The mean age of all participating athletes was 26.9 £ 10.9 years,
that of the female participants 25 4= 8.5 years and that of the male participants 31.3 &= 14.2 years.
The mean body weight was 66.4 + 3.2 kg and the mean body mass index was 22.1 + 3.2 kg/m?.
The respondents practiced show jumping for a mean of 12.7 4= 9.9 years. In total, 1,832,558 riding
hours (=exposure time) were reported. The average exposure time per rider was 5048 h.
On all indicated variables an injury rate of 3.7 per 1000 riding hours can be found. The dis-
tribution of the study participants according to performance level is shown in Table 1. The
average reported training time is 5.5 £ 9.1 h per week. Study participants reported a total
of 15,215 falls. The average rider fell 41.9 & 110.9 times. The majority of these falls occurred
during training with 12,788 (84.1%) falls. On average, this resulted in 35.2 & 104.6 falls
and an average of 3.4 & 6.7 falls per horse jumping year. Per training year, each athlete
fell on average 2.8 & 6.2 times and on average 0.6 & 1.1 times at a competition. For every
1000 riding hours, 8.3 falls were reported in the study group. In the range of performance
level, there are significant differences of riding hours (p < 0.001). From S5 to S 2, the
number of riding hours increases significantly. S 1 rides significantly less than S 2 (Table 1).
The injury-related training breaks of all participants in total amount to 2418.1 weeks. On
average, each athlete had to take 6.7 &= 17.0 weeks of injury-related breaks in their career
to date and had to take an injury-related break of 0.5 &= 1.2 weeks per career year. Spinal
injuries led to the longest injury-related time off and account for 27.3% of total downtime.

Table 1. The distribution of the study participants according to performance level.

Performance Level Number of Study Age in Years Riding Hours Injuries/1000
Participants (Exposure Time) Riding Hours

S1 18 (5.0%) 299 +9.6 20,716.2 £ 23,546 2.1

S2 33 (9.1%) 3431+ 148 22,279.6 & 25,901.2 1.7

S3 69 (19.9%) 309 +13.5 5556.5 & 8289.3 3.6

S4 85 (23.4%) 255+ 82 1850.3 + 1755.8 11.1

S5 92 (25.3%) 262+9.6 1657.8 4+ 2586.8 6.9

S6 66 (18.2%) 211+ 6.7 473.5 4+ 407.1 17.6

3.1. Injury Location

The injury location and frequency showed that 326 (89.8%) athletes had been injured
at least once since they started practicing the sport. A total of 6768 injuries and overuse
injuries were reported in the entire collective. The most common location was the head,
followed by the trunk. Variables classified as overuse accounted for only 4.4% (296) of all
mentions. In the following, all injuries and overloads are considered by body region with
significance testing of the number of injuries per performance level. The consideration of
the mentioned variables regarding the total riding duration was carried out in advance.
With 11,648.5 £ 19,069.3 h on average, men rode significantly more hours than women
with 2103.3 £ 5125.4 h (p < 0.001).

3.1.1. Head

A total of 2073 head injuries were reported and 232 (63.9%) riders sustained at least
one head injury during their career. Based on the complete study collective, this results in
an average of 5.7 £ 11.3 head injuries. Figure 1 shows all recorded head injuries. Men have
significantly more head injuries than women in their riding careers (p < 0.05). There are
also significant differences in the number of head injuries ever in the performance level
(p < 0.001). Significantly more injuries are shown in S 1 than in S 3 to 6, significantly more
in S 2 than in S 5 and 6 and significantly more in each of S 3 and 4 than in S 6. Considering
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1000 h of exposure, no significant differences can be shown (p > 0.05). In summary, riders
in better performance levels have more head injuries (Figure 2).
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Figure 1. All recorded head injuries are shown.
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Figure 2. Number of head injuries by performance level ever (blue) and in 1000 h (red).

3.1.2. Trunk

A total of 1612 truncal injuries were reported and 247 (68%) athletes injured their
trunk at least once in their career. On average, every athlete sustains a truncal injury
4.4 + 7.6 times in his career. Figure 3 shows all recorded truncal injuries. Men suffer
significantly more trunk injuries in their career than women (p < 0.05). For every 1000 h of
exposure, women are significantly more likely to sustain truncal injuries (p < 0.05). Divided
into performance levels, there are significant differences regarding the number of truncal
injuries over the course of the entire career (p < 0.001). There were no significant differences
between S 1 to S 3 over the entire riding career and significantly fewer injuries in each case
compared to S 4-6. The S 4-6 do not differ significantly from each other. In summary, riders
in the lower performance levels sustain more truncal injuries than riders in the higher
performance levels (Figure 4).
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Figure 4. Number of trunk injuries by performance level ever (blue) and on 1000 h (red).

The number of injuries to the remaining body regions are shown in Table 2.

Table 2. All recorded injuries to the remaining body regions are shown.

Total Number of

Average Number of

Body Region Injuries/Overuse Nurr}ber O.f R.1ders Injuries/Careers Per
Damage with Injuries Rider
g
head 2073 (30.6%) 232 (63.9%) 5.7 +11.3
trunk 1612 (23.9%) 247 (68%) 44+76
shoulder 607 (9.0%) 150 (41.3%) 1.7+43
elbow 329 (4.9%) 88 (24.2%) 09+3
wrist/hand 883 (13.0%) 162 (44.6%) 2447
pelvis/thigh 328 (4.8%) 101 (27.8%) 09+24
knee 595 (8.8%) 122 (33.6%) 1.6 £10.8
lower leg 341 (5.0%) 99 (27.3%) 09+27

3.2. Types of Injuries

Contusions and skin injuries were the most common types of injuries in show jumping,
followed by distensions and distortions. All injury types are shown in Table 3. Overuse and
inflammation occurred in 20.4% (n = 74) of the samples. More than half were tendinitis of
the elbow (51.3%), followed by carpal tunnel syndrome (14.3%). Comparing genders, there
were no significant differences in neither complete career (p > 0.05) nor 1000 h of exposure
(p > 0.05). The same applies to the performance levels ever (p > 0.05). The age categories
differ significantly in the number of overloads in the entire career (p < 0.05), especially for
more overloads in the over 51-year-olds compared to all under 40-year-olds. For the whole
career, there were significant differences in riding experience (p < 0.05). Riders with a career
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of more than 20 years had significantly more overloads than riders with less than 10 years
of riding experience.

Table 3. Distribution of injury types in show jumping.

Average Number of

Injury Type Number of Injuries Injuries/Career of a Most Common Injury
Rider
bruises/skin injuries 3209 8.8 +£16.4 head abrasion (20.1%)
distensions/distortions 1885 52+9 cervical spine distortion (46.9%)
dislocations 275 0.8 +10.5 patellar dislocation (82.2%)
fractures 246 0.7+1.6 rib fractures (26%)
ruptures 196 05+19 hand tendon injuries (42.4%)

3.3. Injury Break

The injury-related training breaks for all participants in total amount to 2418.1 weeks.
On average, each athlete had to take a break of 6.7 & 17.0 weeks in their career due to
injuries. The longest downtime was 214 weeks. On average, each rider had to take an
injury-related break of 0.5 & 1.2 weeks per career year. Spinal injuries accounted for the
longest downtime, at 27.3% of total downtime. Lower leg and foot injuries at 15.6% and
knee injuries at 14.5% combine for about another third of all injury time off. In descending
order, shoulder injuries (11.4%), pelvic and thigh injuries (10%) and head injuries (9.2%) are
similarly likely to trigger riding breaks. Hand (7.4%) and elbow injuries (4.5%) accounted
for the lowest percentage of all injury-related breaks.

3.4. Protective Equipment

Of the 363 jumpers surveyed, 86 (24%) reported to never or occasionally wear a helmet
and 277 (76%) riders reported to often or always wear a helmet. In the present study
riders with helmets suffered 4.7 & 10.1 head injuries and riders without helmets suffered
9.1 &+ 14.1 head injuries. This indicates that riders who often or always wear a helmet
suffer significantly fewer head injuries than riders who do not or only occasionally wear a
helmet (p = 0.008). Similarly, the present study shows that riders with helmets reported a
significantly (p = 0.006) lower total injury duration (15.1 & 28.5 days) than riders without
helmets (26.2 & 32.8 days). No significant difference was seen in the number of days of
training lost due to head injuries for riders with or without helmets (p = 0.318). Regarding
to the total number of injuries per 1000 h of riding, no significant difference was shown
between the groups of riders with and without helmets (p = 0.744).

Always or often wearing a safety vest was reported by 50 (14%) riders and 313 (86%)
never or occasionally wear a safety vest. Riders with safety vests suffered a mean of
2.9 £ 4.3 and riders without safety vests suffered 4.7 & 7.9 spinal injuries. Thus, riders who
often or always wore a safety vest suffered significantly fewer spinal injuries than riders
who occasionally or never wore a safety vest (p = 0.017). In the total number of injuries
per 1000 riding hours, riders without a safety vest also had significantly more injuries than
riders with a safety vest (p = 0.031).

4. Discussion

Show jumping has become a popular sport. However, there is hardly any explicit
sports science data on injuries in show jumping in the literature, to date. Lechler et al.
describe a total of 636 injuries in show jumping in a cross-sectional survey of 264 show
jumpers [8]. The show jumping collective of Lechler et al. uncharacteristically consists
of 50.4% male riders [8]. In the present study, male participants account for 30.9% of
the participants which is more prevalent than other discipline-independent equestrian
studies at 12 to 13% [13,14]. In publications with larger athlete collectives, the average age
of the athletes is 25.7 to 26.6 years, very similar to the present study [13,14]. The show
jumping collective of Lechler et al. is also comparable with an average of 24.7 years [8].
The average riding career in the present study of 12.7 years is shorter than in Lechler et al.
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but slightly longer than in other general riding studies of 9.4 to 12 years [8,15]. The riding
training time of the total collective of 5.5 h per week is similar to the 5.7 to 6 h in the general
comparison studies but significantly lower than Lechler et al., who reported 10.6 h per week
for amateurs and 31.2 h per week for professional show jumpers [8,15]. In the present work,
a classification according to performance levels was made with the aim of a discriminatory
power between inexperienced and experienced riders. In the comparative literature, there
is often a distinction between amateur and professional or no survey of the riding levels [8].

4.1. Injury Frequency

For the most part, the injury rate in the present study is higher than that found
elsewhere in equestrian sports, at 3.7 per 1000 h of riding. Lechler et al. give an injury rate
in show jumping of 1.1 per 1000 h for professional riders and 2.1 per 1000 h for amateur
riders but with only 636 total injuries [8]. The lower injury rate in show jumping by more
professional riders was confirmed in the present study. A large retrospective study by
Mayberry et al. found that novice riders with less than three years of experience have a five
times higher risk of injury than advanced riders and eight times higher than professional
riders. A sharp decrease in injury frequency has been observed after only 18-100 h of
riding experience [16]. This suggests that riding experience has a preventive influence on
suffering a riding injury. This was confirmed in the present study.

However, while novice riders have been shown to have a higher overall risk of
injury, professional riders suffer more severe injuries. This is likely a result of the higher
level of difficulty at which they train and compete and are pushed to significantly higher
speeds and higher obstacles by competing in competition and also in training. There is
a tendency, especially among professionals, to ride and train less experienced or more
volatile horses [16,17]. Other comparative literature suggests that this can be explained by
the higher number of hours of loading in this group, which was confirmed in the present
study [8,18]. Performance level 1 and 2 riders ride approximately four times more hours
than performance level 3 riders and than the overall average. Performance level 6 riders
ride on average only 2.3% of the riding time compared to performance level 1. Professional
show jumpers presumably have more experience and can ride more safely [5]. In almost all
categories this results in the more professional riders having less injuries per 1000 exposure
hours. The present study confirms that professionalization leads to fewer injuries in terms
of exposure time. Injury severity and horse experience were not considered decisively in
the present study.

In equestrian sports, the incidence of injury is thought to be approximately 0.5 injuries
per 1000 h [19]. In race riding, Mc Crory et al. describe a fall incidence of 0.1% per ride
with 41.4% resulting injuries from the fall [20]. However, compared to other sports, the
injury rate is lower than, for example, contact sports. Injuries in equestrian sports must be
considered as particularly severe injuries compared to other sports and are comparable to
injuries in skating or cycling [21].

4.2. Injury Location

A total of 6768 injuries and overloads have been recorded in the total collective. Of
these, 5% were overloads. The most common injury location was the head (30.6%), followed
by injuries to the trunk (23.8%). The most commonly reported injury types are contusions
and skin injuries (47.4%). Minor injuries such as contusions and skin injuries are the leading
injury type in general equestrian sports and account for 44% to 51% of injuries [14,22]. In
the present study, 63.9% of all riders suffer head injuries and thus account for 30.6% of all
injuries. Different values on head injuries in equestrian sports are reported in the literature.
Lechler et al. describe about 20% of injuries in the area of the head in show jumping [8].

In the present study the trunk injuries were the second most frequently injured region
with 24% and lead to the longest injury break time. Compared to other studies, this injury
is underrepresented in our study [23-25].
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According to the literature, most injuries involve the upper extremity in equestrian
sports [5,13,26]. In summary, in this study, as in Lechler et al., upper extremity injuries
account for 26.9% of all injuries but are not leading [8]. The cause of many injuries in this
region is the attempt to catch oneself in a fall with outstretched arms or the handling of the
reins while riding [22,27].

4.3. Differences of the Collective

In the present study, significantly more men than women were injured in the head
region (p < 0.05). On the one hand, this could be related to the fact that men are presum-
ably more risk averse than women and that men are less likely to wear a helmet than
women [28,29]. This contradicts the findings of Havliks et al., who observed that women
were an independent risk factor for equestrian-related injuries. However, this could be
biased by the predominance of female riders, especially in recreational and amateur rid-
ing [17]. In terms of hours of exposure, women are probably more likely to be injured, but
this cannot be demonstrated in this study. In addition, a study by Krtiger et al. in which
retrospective data were collected from all equine-related accidents at a German Level I
Trauma Centre took place between 2004 and 2014. Of the 770 injured patients, 87.9% were
female [13]. Here, however, no distinction was made according to the injured body region.

The differentiated consideration of injuries per 1000 riding hours of the individual
performance levels shows fewer injuries in performance levels 1 and 2. This is comparable
to the known higher frequency of injuries in amateur riders in comparable studies. Here,
professional jumpers had more severe injuries than amateur athletes (see Section 4.1 injury
frequency) [5,8].

4.4. Types of Injuries

Literature data for fractures in general equestrian sports vary widely from 3 to
40% [14,22,30]. In the present study, only 3.6% fractures were recorded. The discrep-
ancies possibly result from the absence of very young riders with many fractures [22].
Comparison of dislocations as well as distensions and distortions with data from discipline-
independent studies yields similar frequencies [15]. Overuse injuries play a minor role
compared to injuries with 335 indications in only 20% of the riders. More than half of the
data refer to inflammations of the tendon sheaths at the elbow, which are mainly caused by
repetitive strain on the finger extensors [31].

4.5. Protective Equipment

The risk of injury can be relevantly reduced by wearing protectors in sports [6,7]. In
equestrian sports, this mainly concerns wearing riding helmets [6]. The literature shows
that 9 to 23% of riders in general equestrian sports wear a helmet [7,32]. In the present
study, 76% (277) of the riders reported to often or always wear a helmet. However, in the
literature, the number of injuries to the head remains unaffected by this [4]. We were able
to disprove this in the present work. Riders who often or always wore a helmet suffered
significantly fewer head injuries than riders who did not or only occasionally wore a helmet
(p = 0.008). Similarly, riders with helmets had a significantly lower total injury duration
than riders without helmets (p = 0.006). Regarding the total number of injuries per 1000 h of
riding, no significant difference was shown between the groups of riders with and without
helmets (p = 0.744). This is related to the fact that the protective equipment only protects
one body region at a time. In 2010, a general helmet requirement was introduced in almost
all equestrian sports [2].

Another form of protection is the safety vest. In this study, 86% (313) of the riders
reported to never or occasionally wear a safety vest. These figures are consistent with those
in the literature [4,25]. Reasons given for infrequent use included limited range of motion,
sweating and aesthetic reasons [25]. Evidence that protective vests have a protective
function has not been provided to date, and in the study by Hessler et al., riders wearing a
vest actually sustained more injuries to the thorax, abdomen and spine [4]. This could be
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References

disproved in the present study. Riders who often or always wore a safety vest sustained
significantly fewer spinal injuries than riders who occasionally or never wore a safety vest
(p = 0.017). Moreover, in the total number of injuries per 1000 riding hours, riders without
a safety vest had significantly more injuries than riders with a safety vest (p = 0.031). A
general recommendation to wear a vest has not yet been made. Authors should discuss the
results and how they can be interpreted from the perspective of previous studies and of
the working hypotheses. The findings and their implications should be discussed in the
broadest context possible. Future research directions may also be highlighted.

5. Conclusions

In the present study, we were able to obtain a good overview of injuries and overuse
injuries in show jumping. The injury rate for show jumping was higher than in comparable
studies on equestrian sports but lower than in other sports such as contact sports, with
3.7 injuries per 1000 h of riding. [19,21]. The most common injury location was the head
(30.6%), followed by injuries to the trunk (23.8%). Overuse complaints play a subordinate
role and mainly affect the upper extremities (65%). The riders of the professional lower
performance levels are less likely to injure themselves per 1000 h than riders of the higher
performance levels.

This study was able to show that riders who often or always wore a helmet suffered
significantly fewer head injuries (p = 0.008) and had a significantly lower total injury
duration than riders who did not wear a helmet (p = 0.006). Similarly, the study showed
that riders who often or always wore a safety vest suffered significantly fewer spinal
injuries (p = 0.017) and had significantly fewer injuries per 1000 riding hours (p = 0.031)
than riders who did not wear a safety vest. In general, these results confirm the introduction
of mandatory helmet use in show jumping competitions. However, based on the present
results, there should be an extension of the general helmet requirement and a requirement
to wear safety vests in show jumping in general. According to the present study, this could
prevent many injuries in show jumping.

Author Contributions: Conceptualization, H.-L.M., M.B. and P.S.; methodology, H.-L. M. and M.D.K,;
software, H.-L.M., P.S; validation, H.-L.M., M.B., P.B., B.M. and M.D.; formal analysis, M.D.K., M.B.,
M.D.; investigation, H.-L.M., P.S., M.D.K,; resources, H.-L. M., M.D.K,, P.S.; data curation, H.-L.M.,
PS., M.D.K. and M.B.; writing—original draft preparation, H.-L.M., P.S., M.D.K. and M.B.; writing—
review and editing, H.-L.M., C.P, PS,, B.M., PB.,, M.D.K,, M.D. and M.B.; visualization, H.-L.M., P.S.,
PB. and C.P; supervision, H.-L.M., M.B,, BM., M.D.K. and M.D.; project administration, H.-L.M.,
M.D.K., M.B,; funding acquisition, H.-L.M., C.P. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The presented study was performed in accordance with the
Declaration of Helsinki and after review by the responsible ethics committee of the University of
Duisburg-Burg-Essen (09-4123-BO).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We acknowledge support by the Open Access Publication Fund of the University
of Duisburg-Essen, Germany.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Spring-Reiter. Springreiter. Available online: https://www.spring-reiter.de/index.php/abwuerfe-fehler-und-regeln-im-
parcours/ (accessed on 23 November 2021).
2. FEIJumping Rules. Available online: https://inside.fei.org/fei/disc/jumping/rules (accessed on 23 November 2021).


https://www.spring-reiter.de/index.php/abwuerfe-fehler-und-regeln-im-parcours/
https://www.spring-reiter.de/index.php/abwuerfe-fehler-und-regeln-im-parcours/
https://inside.fei.org/fei/disc/jumping/rules

Int. |. Environ. Res. Public Health 2022, 19, 2305 10 of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.
31.

32.

Pferd-Aktuell. Deutsche Reiterliche Vereinigung: Leistungsklassen und Ranglistenpunkte im Pferdesport. Available online: https:
/ /www.pferd-aktuell.de/turniersport/turnierteilnehmer /leistungsklassen-und-ranglistenpunkte (accessed on 23 November 2021).
Hessler, C.; Eckert, V.; Meiners, |; Jiirgens, C.; Reicke, B.; Matthes, G.; Ekkernkamp, A.; Piischel, K. Causes, injuries, therapy and
possibilities of prevention of equine-related accidents. Results of a 2-center-study. Unfallchirurgie 2014, 117, 123-127. [CrossRef]
Rathfelder, FJ.; Klever, P.; Nachtkamp, J.; Paar, O. Injuries in horseback riding—Incidence and causes. Sportverletz Sportschaden
1995, 9, 77-83. [CrossRef]

Clark, ].M.; Hoshizaki, T.B.; Annaidh, A.N.; Gilchrist, M.D. Equestrian helmet standards: Do they represent real-world accident
conditions? Ann. Biomed. Eng. 2020, 48, 2247-2267. [CrossRef] [PubMed]

Ball, C.G,; Ball, ].E.; Kirkpatrick, A.W.; Mulloy, R.H. Equestrian injuries: Incidence, injury patterns, and risk factors for 10 years of
major traumatic injuries. Am. J. Surg. 2007, 193, 636—640. [CrossRef]

Lechler, P.; Walt, L.; Grifka, J.; Waltl, V.; Renkawitz, T. Traumatology and sport injuries in professional and amateur show-jumping
competitors. Sportverletz Sportschaden 2011, 25, 222-226. [CrossRef]

Gass, M,; Kiihl, S.; Connert, T.; Filippi, A. Dental trauma in showjumping—A trinational study between Switzerland, France and
Germany. Dent. Traumatol. 2016, 32, 174-179. [CrossRef] [PubMed]

Kauther, M.D.; Rummel, S.; Hussmann, B.; Lendemans, S.; Wedemeyer, C.; Jaeger, M. Wheel-gymnastic-related injuries and
overuse syndromes of amateurs and professionals. Knee Surg. Sports Traumatol. Arthrosc. 2015, 23, 2440-2448. [CrossRef]
Burggraf, M.; Burgsmidiller, L.; Meyer, H.-L.; Polan, C.; Husen, M.; Mester, B.; Dudda, M.; Kauther, M.D. Injuries in inline skater
hockey. Sportverletz Sportschaden 2020, 34, 212-216. (In German) [CrossRef] [PubMed]

Meyer, H.-L.; Minnemann, F; Polan, C.; Burggraf, M.; Dudda, M.; Kauther, M.D. Injuries in underwater rugby: A retrospective
cross-sectional epidemiological study. Diving Hyperb. Med. ]. 2021, 51, 282-287. [CrossRef]

Kriger, L.; Hohberg, M.; Lehmann, W.; Dresing, K. Assessing the risk for major injuries in equestrian sports. BMJ Open Sport
Exerc. Med. 2018, 4, €000408. [CrossRef] [PubMed]

Fleischer, L.; Faschingbauer, M.; Seide, K.; Kienast, B. Verletzungsmuster bei Reitunfallen. Deutsche Zeitschrift Sportmedizin 2016,
67,270-275. [CrossRef]

Heitkamp, H.-C.; Horstmann, T.; Hillgeris, D. Riding injuries and injuries due to handling horses in experienced riders.
Unfallchirurgie 1998, 101, 122-128. [CrossRef] [PubMed]

Mayberry, J.C.; Pearson, T.E.; Wiger, K.J.; Diggs, B.S.; Mullins, R.J. Equestrian injury prevention efforts need more attention to
novice riders. J. Trauma 2007, 62, 735-739. [CrossRef] [PubMed]

Havlik, H.S. Equestrian sport-related injuries: A review of current literature. Curr. Sports Med. Rep. 2010, 9, 299-302. [CrossRef]
McCrory, P; Turner, M. Equestrian injuries. Med. Sport Sci. 2005, 48, 8-17. [CrossRef]

Sorli, ].M. Equestrian injuries: A five year review of hospital admissions in British Columbia, Canada. Inj. Prev. 2000, 6, 59-61.
[CrossRef]

McCrory, P.; Turner, M.; LeMasson, B.; Bodere, C.; Allemandou, A. An analysis of injuries resulting from professional horse
racing in France during 1991-2001: A comparison with injuries resulting from professional horse racing in Great Britain during
1992-2001. Br. J. Sports Med. 2006, 40, 614-618. [CrossRef]

Schmidt, B.; Hollwarth, M.E. Sports accidents in children and adolescents. Z Kinderchirurgie 1989, 44, 357-362. (In German)
[CrossRef]

Schmidt, B.; Mayr, J.; Fasching, G.; Nores, H. Equestrian accidents in children and adolescents. Unfallchirurgie 1994, 97, 661-662.
(In German)

Giebel, G.; Braun, K.; Mittelmeier, W. Equestrian accidents in children. Chirurgie 1993, 64, 938-947. (In German)

Siebenga, J.; Segers, M.].M.; Elzinga, M.].; Bakker, F.C.; Haarman, H.J.T.M.; Patka, P. Spine fractures caused by horse riding. Eur.
Spine J. 2006, 15, 465-471. [CrossRef] [PubMed]

Hessler, C.; Namislo, V.; Kammler, G.; Lockemann, U.; Piischel, K.; Meenen, N.M. Reitunfallbedingte Wirbelsdulenverletzungen -
eine Analyse von 30 Fallen [Spine injuries due to horse riding accidents - an analysis of 30 cases]. Sportverletz Sportschaden 2011,
25,93-96. [CrossRef]

Moss, P.S.; Wan, A.; Whitlock, M.R. A changing pattern of injuries to horse riders. Emerg. Med. J. 2002, 19, 412-414. [CrossRef]
[PubMed]

Thomas, K.E.; Annest, ].L.; Gilchrist, ].; Bixby-Hammett, D.M. Non-fatal horse related injuries treated in emergency departments
in the United States, 2001-2003. Br. ]. Sports Med. 2006, 40, 619-626. [CrossRef] [PubMed]

Cobey, K.D.; Laan, F; Stulp, G.; Buunk, A.P; Pollet, T. Sex differences in risk taking behavior among Dutch cyclists. Evol. Psychol.
2013, 11, 350-364. [CrossRef]

Feler, ].; A Maung, A.; O’Connor, R.; A Davis, K.; Gerrard, J. Sex-based differences in helmet performance in bicycle trauma. J.
Epidemiol. Community Health 2021, 75, 994-1000. [CrossRef]

Dittmer, H. The injury pattern in horseback riding. Langenbecks Archiv Chirurgue 1991, 466—469. (In German)

Assmus, H.; Martini, A.K. Nerve compression syndromes of the upper extremity. Zeitschrift Orthopidie Unfallchirurgie 2010, 148,
595-610. (In German) [CrossRef]

Hessler, C.; Schilling, B.; Meenen, N.M.; Lockemann, U.; Piischel, K. Risks in sport riding—A critical survey of safety standards in
sport riding. Sportverletz Sportschaden 2010, 24, 154-158. [CrossRef]


https://www.pferd-aktuell.de/turniersport/turnierteilnehmer/leistungsklassen-und-ranglistenpunkte
https://www.pferd-aktuell.de/turniersport/turnierteilnehmer/leistungsklassen-und-ranglistenpunkte
http://doi.org/10.1007/s00113-012-2275-z
http://doi.org/10.1055/s-2007-993429
http://doi.org/10.1007/s10439-020-02531-y
http://www.ncbi.nlm.nih.gov/pubmed/32399843
http://doi.org/10.1016/j.amjsurg.2007.01.016
http://doi.org/10.1055/s-0031-1273483
http://doi.org/10.1111/edt.12242
http://www.ncbi.nlm.nih.gov/pubmed/26542314
http://doi.org/10.1007/s00167-014-2899-3
http://doi.org/10.1055/a-1148-3485
http://www.ncbi.nlm.nih.gov/pubmed/32854130
http://doi.org/10.28920/dhm51.3.282-287
http://doi.org/10.1136/bmjsem-2018-000408
http://www.ncbi.nlm.nih.gov/pubmed/30364519
http://doi.org/10.5960/dzsm.2016.249
http://doi.org/10.1007/s001130050244
http://www.ncbi.nlm.nih.gov/pubmed/9553480
http://doi.org/10.1097/ta.0b013e318031b5d4
http://www.ncbi.nlm.nih.gov/pubmed/17414356
http://doi.org/10.1249/JSR.0b013e3181f32056
http://doi.org/10.1159/000084280
http://doi.org/10.1136/ip.6.1.59
http://doi.org/10.1136/bjsm.2006.028449
http://doi.org/10.1055/s-2008-1043273
http://doi.org/10.1007/s00586-005-1012-5
http://www.ncbi.nlm.nih.gov/pubmed/16408237
http://doi.org/10.1055/s-0029-1245831
http://doi.org/10.1136/emj.19.5.412
http://www.ncbi.nlm.nih.gov/pubmed/12204987
http://doi.org/10.1136/bjsm.2006.025858
http://www.ncbi.nlm.nih.gov/pubmed/16611723
http://doi.org/10.1177/147470491301100206
http://doi.org/10.1136/jech-2020-215544
http://doi.org/10.1055/s-0030-1250381
http://doi.org/10.1055/s-0029-1245442

	Introduction 
	Materials and Methods 
	Results 
	Injury Location 
	Head 
	Trunk 

	Types of Injuries 
	Injury Break 
	Protective Equipment 

	Discussion 
	Injury Frequency 
	Injury Location 
	Differences of the Collective 
	Types of Injuries 
	Protective Equipment 

	Conclusions 
	References

