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ABSTRACT

Objective There is a paucity of evidence about
traumatic injuries and their sequelae sustained due to
equestrian injuries nationally.

Methods Retrospective study analyzing National
Trauma Data Bank data from 2007 to 2016. Variables
collected included age, sex, race, payer status,

Injury Severity Score (ISS), hospital length of stay,
Glasgow Coma Scale, systolic blood pressure (SBP) at
presentation, discharge disposition, and mortality. Patient
data were analyzed by anatomic region.

Results The most frequent type of injury was in the
thorax, but head and neck injuries produced the highest
mortality. Increased 1SS and an SBP of less than 90 mm
Hg were also significant predictors of mortality.
Conclusions The risk of hospital admission from
equestrian injuries is higher than football, motor vehicle
racing, and skiing. Preventive measures and campaigns
should be instituted to highlight safety practices and the
use of personal protective equipment while on horseback
either for sports, leisure, or work.

Level of evidence Level IV. Retrospective study.

INTRODUCTION
Humans have been domesticating horses for at
least 5500 years.! Equus ferus caballus helped revo-
lutionize human society and were instrumental in
the advancement of fields such as agriculture and
transportation. Our relationship with horses has
continued to evolve over the years, and they are
now commonly used for both work and recreational
activities. Although domesticated, horses’ behavior
may be unpredictable. Their large size and strength
can generate significant amounts of mechanical
kinetic energy which can be transferred to an eques-
trian, resulting in unfortunate accidents. According
to the Centers for Disease Control and Prevention,
each year in the USA, more than 30 million people
participate in equestrian activities.> Although accu-
rate estimations are confounded by unidentified
injuries that do not make it to hospitals, equestrian
accidents are more commonly being recognized as a
contributory source of sports-related injuries, espe-
cially with respect to traumatic brain injuries (TBI).?
TBIs might be worsened when you consider that
more experienced riders were less likely to wear a
helmet, although at most risk for injuries requiring
hospitalization or causing permanent disability.*
There is a lack of evidence focused on trau-
matic injuries sustained due to equestrian injuries

nationally. Most have focused on injuries sustained
in a small geographical region and may lack gener-
alizability to a national population. Furthermore,
there have been few studies that provide insight
into the sequelae of equestrian-related trauma.
This study aims to uncover and report national-
level data about equestrian-related trauma using the
National Trauma Data Bank (NTDB). The NTDB
is the largest aggregation of US trauma registry
data and is the national standard for exchanging
trauma registry data.’ Using this data bank, a
10-year review (2007-2016) was conducted to
identify injuries sustained while horseback riding
in the adult population. This retrospective analysis
characterizes mortality rates, hospital length of stay
(LOS), intensive care unit (ICU) LOS, ventilator
days, and emergency department (ED) disposition
of equestrian-related trauma injuries. Our goal was
to reveal the demographic and epidemiological
data that will allow for the development of targeted
prevention strategies.

METHODS

Data source and study population

This study collected data from the NTDB during a
10-year period between 2007 and 2016. The NTDB
collects data from patients who present to all level I
and level II trauma centers. Level Il and IV trauma
centers can participate in the data bank voluntarily.
All patient data are deidentified and aggregated.
Patients 18 years of age and older involved in
equestrian-related injuries were analyzed. Eques-
trian injuries were uncovered from the NTDB
using the appropriate external cause of injury code
(E-code) as defined in their data dictionary.® The
data set was stratified by the type of insult sustained
using the appropriate International Classification of
Diseases-9th/10th Revision (ICD-9/ICD-10) codes.
Injuries were aggregated into categories based on
the anatomic location of the injury. Patients’ results
with missing or incomplete data were excluded
from the analysis.

Study variables

Patients were classified based on demographic data
such as age, sex, race, and payer status. Variables
extracted from the NTDB also included Injury
Severity Score (ISS), hospital and ICU LOS, and
admission Glasgow Coma Scale (GCS). Other
variables that were obtained from the NTDB were
hospital and ED discharge disposition. ED systolic
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blood pressure (SBP) was also analyzed with <90mm Hg
being considered the threshold for shock. Mortality data were
obtained from ED and hospitalized patient data and analyzed
by injury type.

Statistical analyses

Continuous variables were reported as mean with SDs, while
non-continuous variables were reported as frequencies with
percentages. Statistical analyses were performed via y? test or
Fisher’s exact test for categorical variables. Analysis of variance
(ANOVA) or Kruskal-Wallis test was used for continuous vari-
ables. The use of the ANOVA test was dictated by the Shapiro-
Wilk test of normality. The Fisher’s exact test was used instead
of the %2 test, where a cell count was less than 5. A multivariable
logistic regression was used to assess the association between
death and injury type, and the analysis was adjusted for race,
payer status, age group, and severity of the injury. ORs, Cls, p
values, means, SDs, proportions (p), and sample sizes (n) were
reported. A p value <0.05 corresponds to results that were
statistically significant at a 95% confidence level. Also, when
1.96 times SD is less than the corresponding mean, the finding
was considered statistically significant at a 5% level of signifi-
cance. Data processing and analysis were performed using Stata/
MP V.16.1 (StataCorp, College Station, Texas, USA).

RESULTS

Demographics and injury distribution

During the 10-year study period (2007-2016), 45671 patients
were retrieved from the NTDB using the E-codes related to
equestrian injuries. A total of 20880 patients were omitted due
to missing or incomplete information, leaving 24791 included
in the analysis. Patients’ mean age (+SD) of the studied popu-
lation was 46.85 (=15.33), with an almost equal proportion of
males and females (males: 50.53%) and a majority of Cauca-
sians (61.62%). The most common injuries recorded were in
the thoracic region with 9189 (37.07%) patients (table 1).
Extremity injuries occurred in 6560 (26.46%) patients whereas
5689 (22.95%) sustained head injuries. Abdominal injuries were
the least common, with only 3353 (13.53%) experiencing this
type of injury. Most patients were insured (69.94%), with a
small portion of patients (14.75%) being uninsured. A majority
of patients, 23619 (95.27%), presented to the ED with an
SBP =90 mm Hg. Only 347 (1.40%) of patients presented with
an SBP <90 mm Hg, our threshold for a hemodynamic shock.

Severe neurological impairment classified as a GCS score
of 3-8 on presentation was observed in 888 (3.58%) patients.
Within the severe impairment group, head and neck injuries
were the most likely cause, occurring in 706 patients. Moderate
impairment (GCS score 9-12) occurred in only 258 (1.04%)
of patients. In the cohort, 21917 (88.41%) patients presented
with a GCS score between 13 and 15. Due to the categorization
of GCS, it is impossible to segregate those with no impairment
(GCS score 15) from those with some mild form of cognitive
impairment (GCS score 13-14). However, we observed that
4508 (20.5% of 21 917) patients from the normal to mild GCS
impairment group had a head and neck injury.

Patient ISS values were ranked mostly in the minor or
moderate ISS subgroups (33.28% and 43.59%, respectively)
but resulted in a large proportion of admissions to the hospital
(88.19%). Half of the admitted patients were sent to a floor bed
(50.05%), with 28.32% being sent to an ICU. The operating
theater (9.829%) was the third most likely destination for patients
with equestrian injuries being evaluated in the ED. Equestrian

Table 1 Statistical summary of variables for equestrian-related
injuries in adults

Variable Value

46.85 (15.33)
12501 (50.53%)

Mean age in years (SD)
Number of males

Injury type
Thoracic 9189 (37.07%)
Extremity 6560 (26.46%)
Head and neck 5689 (22.95%)
Abdominal 3353 (13.53%)
Race
White 15009 (60.54%)
Black 361 (1.46%)
Hispanic 2097 (8.46%)
Other 7324 (29.54%)
Health insurance
Commercial 12476 (50.32%)
Government 4723 (19.05%)
Uninsured 3657 (14.75%)
Other 1059 (4.27%)
Missing 2876 (11.61%)
ED SBP
<90 347 (1.40%)
>90 23619 (95.27%)
Unknown 825 (3.33%)
ED GCS score

Severe impairment (3-8) 888 (3.58%)

Moderate impairment (9-12) 258 (1.04%)

Normal or mild impairment (13-15) 21917 (88.41%)
Unknown 1728 (6.97%)
ISS
Minor (0-8) 8250 (33.28%)
Moderate (9-15) 10807 (43.59%)
Severe (16-24) 3625 (14.62%)
Very severe (25+) 1542 (6.22%)
Missing 567 (2.29%)
ED disposition
Home 1277 (5.15%)
Floor bed 12407 (50.05%)
Operating room 2435 (9.82%)
Intensive care unit 7022 (28.32%)

Died/deceased 51 (0.21%)
Other 1320 (5.32%
Unknown 279 (1.13%)

ED, emergency department; GCS, Glasgow Coma Scale; ISS, Injury Severity Score;
SBP, systolic blood pressure.

injuries that presented to the ED had a low likelihood (5.15%)
of being discharged home from the ED.

Inpatient characteristics and mortality

The mean hospital LOS was 4.46 days (SD 5.27; table 2). Patients
spent an average of 3.96 days (SD 5.17) in the ICU and a mean
of 5.80 days (SD 7.06) on a ventilator. Patients admitted to the
ICU with head and neck injuries required 1.54 more days (95%
CI 0.13 to 9.96; p<0.05) on the ventilator as compared with
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Table 2 Distribution of variables for adult equestrian by injury type

Variables Abdominal Thoracic Extremity Head and neck Total
Hospital LOS, mean (SD) 5.00 (4.59) 4.57 (4.73) 3.57 (3.88) 4.99 (7.32) 4.46 (5.27)
ICU LOS, mean (SD) 3.02 (3.00) 3.65 (4.56) 2.88 (4.03) 4.69 (6.2) 3.96 (5.17)
Days on ventilator, mean (SD) 4.69 (6.24) 5.60 (7.34) 3.18 (6.81) 6.23 (6.97) 5.80 (7.06)
Age group, n (%)
18-29 537 (13.39) 834 (20.80) 1384 (34.52) 1254 (31.28) 4009 (100)
30-39 404 (13.71) 722 (24.51) 1090 (37.00) 730 (24.78) 2946 (100)
40-49 580 (12.7) 1630 (35.68) 1345 (29.44) 1013 (22.18) 4568 (100)
50-59 865 (14.56) 2589 (43.59) 1309 (22.04) 1176 (19.81) 5939 (100)
60+ 666 (13.64) 2425 (49.66) 786 (16.10) 1006 (20.6) 4883 (100)

ICU, intensive care unit; LOS, length of stay.

patients with extremity injuries. Likewise, ICU patients with
head and neck injuries had 3.05 more days on the ventilator
(95% CI 1.53 to 4.58; p<0.001) than patients with abdominal
injuries. However, the difference in ventilator days between head
and neck injuries and thoracic injuries did not achieve statistical
significance (0.63, 95% CI —0.23 to 1.50; p>0.05).

The 50-59 age group was found to be most likely to present
to trauma centers, accounting for 5939 (26.58%) injuries. Older
riders, those belonging to the 60+ age group, came in second
with 4883 (21.85%) incidents in the period analyzed. The
40-49 age group came in third with 4568 (20.44%) reported
events. Patients in the youngest category, the 18-29 age group,
accounted for 4009 (19.94%) injuries. Finally, the 30-39 age
group was the least likely age group to be reported in equestrian
injuries accounting for 2946 (13.18%) patients. Table 2 further
illustrates a breakdown of the total injuries per age group and
anatomic region.

For the patients who survived their hospital stay, 14096
(56.86%) were discharged home without additional services,
and 1747 (7.05%) were discharged/transferred to a rehabilita-
tion or skilled nursing facility. On the other hand, 320 deaths
resulted from equestrian-related injuries over the study period.
Head and neck injuries were the leading cause of mortality, with
237 (74.83%) deaths recorded (figure 1). Thoracic injuries were
second with 59 (18.44%), and abdominal injuries were causing
the third highest number of deaths, with 17 (5.31%). Finally,
extremity injuries led to the least number of deaths, with 7
(2.19%) patients dying to their injuries. Using extremity inju-
ries as a reference, patients were more likely to pass away due
to head and neck trauma (OR 44.07, 95% CI 21.30 to 91.19,
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Figure 1 Mortality due to equestrian-related injuries. All equestrian-

related injuries reported per year in the National Trauma Data Bank
(NTDB) were subdivided by anatomic region clearly revealing that head
and neck injuries lead to the highest mortality during the 10 years
analyzed. Inset on the right shows the mean (SEM) of equestrian-related
injuries across the 10 years, with head and neck injuries showing the
highest average mortality and extremity injuries the lowest.

p<0.001) than from abdominal injuries (OR 5.8, 95% CI 2.45
to 13.72, p<0.001) or thoracic injuries (OR 5.8, 95% CI 2.75
to 12.52, p<0.001). Unsurprisingly, as ISS increased, so did the
likelihood of death. When compared with minor ISS, moderate
ISS led to a doubling the risk of mortality (OR 2.64, 95% CI
1.38 to 5.05, p<0.01), severe ISS increased the risk of mortality
eight times (OR 8.21, 95% CI 4.28 to 15.74, p<0.001), and
very severe injuries increased the risk of mortality by more than
100 times (OR 141.71, 95% CI 78.62 to 255.42, p<0.001).
If the patients arrived to the ED with an SBP <90 mm Hg, the
patients were 23 times more likely to die compared with patients
with an SBP =290 (OR 23.37,95% CI 16.95 to 32.23, p<0.001).

DISCUSSION

Equestrian-related injuries are a frequently ignored public health
issue due to the lack of a national survey. Previous studies have
characterized the mechanisms of injury or injury patterns for
equestrian injuries’ ®; however, these were local retrospective
studies. Furthermore, previous studies did not include any inpa-
tient data that would assess inpatient and acute outcome data
such as ICU LOS, ventilator days, and mortality rates after
equestrian injuries. To our knowledge, this study is the first to
characterize the inpatient characteristics and outcomes of adults
involved in equestrian injuries from a large national sample
during a 10-year period.

Equestrian injuries presenting at level T and level II trauma
centers found that over 88% of patients showed only mild or no
neurological impairment (GCS score 13-15). Severely impaired
patients were second but accounted for only 3% of total admis-
sions. Of all patients who presented to the hospital, 88% were
admitted. This mirrors previous findings showing the propor-
tion of admissions from equestrian injuries was 3.5 times higher
than data reported for motorcycle riding.” When taken together,
these data suggest that the dangers of equestrian activities have
been severely underappreciated. When controlled for hours
of activity, horseback riding resulted in a higher proportion of
hospital admission than other higher risk activities like skiing.'’
One of the best examples of a severe equestrian injury is the
broadly publicized accident that the American actor Christo-
pher Reeve sustained in 1995 during a competition. His horse
abruptly stopped, resulting in Reeve flying over a barrier and
landing head first. Reeve was an experienced rider and was
wearing a helmet when the accident happened, but this was still
not enough to protect him from the force of the impact that led
him paralyzed for the rest of his life.!* > While many horses used
in sports are well trained, the interaction with a large animal
is not exempt from unpredictable behavior and/or unforeseen
environmental circumstances leading to accidents.
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Across the injury types analyzed, several important trends were
noted. First, head and neck injuries were the largest contributor
to mortality in equestrian injuries across all 10 years surveyed.
Not surprisingly, head and neck injuries were also significantly
associated with longer ICU LOS and more ventilator days. Head
and neck injuries were also associated with a ninefold increase
in the risk of death. This finding coincides with previous data
indicating greater mortality from head and neck injuries in
equestrian-related accidents.”® Our study adds to the evidence
suggesting that using protective equipment such as helmets in
equestrian activities could provide a benefit in reducing injuries.
Helmet use has not been widely adopted in the horse riding
community, given the lack of public health campaigns that
specifically target casual riders and people who use horses for
work. Studies have shown that a large fraction of riders involved
in equestrian injuries were not wearing helmets at the time of
their accident.' It stands to reason that raising awareness of the
possible injuries and increasing preventive measures to protect
against head injuries would significantly reduce mortality.

Furthermore, little work has been done to quantify the real
costs of equestrian injuries. Although overall death numbers are
low," previous work has shown that the long-term rehabilitation
costs to treat these injuries may be high.'*'$ Further research
looking into the epidemiology and true financial burden of these
injuries is warranted.

Our study also uncovered demographic data, which revealed
men and women were injured at the same rate. This goes against
several studies that have claimed that women are injured more
often in equestrian-related injuries.”?! This finding would
suggest that both sexes are susceptible to injuries and that the
current prevention efforts should be focused on both sexes.
Some studies have suggested targeting safety efforts on female!
and young riders*’; however, improved safety outcomes are
warranted if prevention efforts are more generalized.

This study is not without limitation. The retrospective anal-
ysis included only injured patients in equestrian-related acci-
dents that presented to US trauma centers that report data to
the NTDB. This likely excludes rural hospitals or other small
community hospitals which do not contribute to the NTDB. We
did not have access to unreported equestrian-related injuries or
injuries that were not coded appropriately for inclusion into the
NTDB database, which may have led to underestimating the true
prevalence of equestrian-related injuries in the USA.

Although much care was used in selecting the appropriate
ICD-9, ICD-10, and E-codes to query the NTDB, it must be
noted that inaccurate or missing data from incorrectly coded
patients may have caused the underestimation of different types
of injuries in our analysis. Despite these limitations, the NTDB
remains a powerful tool in uncovering patterns and prevalence
in different traumatic presentations and remains the most exten-
sive wide-scale trauma databank available for US trauma centers.

CONCLUSION

Horseback riding is immensely popular among Americans. It
is estimated that 1 in 63 US persons come into contact with
horses each year.® Although they are used for both leisure and
work, the real impact of equestrian-related injuries can often be
ignored.'®** As TBIs have become more apparent in the main-
stream media due to reports of chronic traumatic encephalop-
athy in football players,” it is imperative to discuss the dangers
of equestrian-related activities while underscoring the impor-
tance of safe riding. Many public health initiatives have focused
on making sure that participants wear helmets during bicycle

and motorcycle riding.® 2 Furthermore, research funding has
mirrored public interest as the National Football League pledged
millions of dollars in grant funding to launch the Head Health
campaign.”® They are hoping to define the brain injuries that
occur during play?’ and create new helmet prototypes that will
protect the brains of athletes.??3!

Interestingly, hospital admission risk from horseback riding is
higher than football, auto and motorcycle racing, and skiing.*
Recently, some attention has been paid by equestrian sporting
agencies to the use of protective equipment to prevent inju-
ries, especially as it relates to concussion and brain injuries®® 3;
however, very few public health campaigns have focused on
preventing injuries in riders using horses for leisure and work.
This is in stark contrast to the popularity of riding these animals.
We suggest that preventive measures and campaigns should be
instituted to highlight safety practices. Implementing the consis-
tent use of personal protective equipment, such as helmets and
vests, will provide added protection to all riders (working or
leisure) while on horseback. It is also imperative that medical
professionals examine patients injured during horseback riding
for head and neck injuries as these contribute to the highest
mortality. Together, awareness of injury patterns, we can continue
to enjoy this popular sport while simultaneously reducing the
number of severe injuries.

Contributors JJS conceived and designed the analysis, contributed the data and
supervised the project. DF performed the data analysis and prepared the tables. KM
and JL wrote the initial draft of the article and helped in the interpretation of data.
AT-R contributed to the writing, and edited the article and figures.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests JJS is employed by Renaissance Medical Foundation, the
medical group that provides clinical services to DHR Health.

Patient consent for publication Not required.

Ethics approval This study was approved by the University of Texas Rio Grande
Valley Institutional Review Board under the exempt category.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data may be obtained from a third party and are
not publicly available. The data were derived from the National Trauma Data Bank
from the American College of Surgeons. The data sets used herein can be obtained
by written request to the corresponding author.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Annelyn Torres-Reveron http://orcid.org/0000-0003-0347-5469
Jeffrey J Skubic http://orcid.org/0000-0003-3042-2637

REFERENCES

1 Outram AK, Stear NA, Bendrey R, Olsen S, Kasparov A, Zaibert V, Thorpe N, Evershed
RP. The earliest horse harnessing and milking. Science 2009;323:1332-5.

2 Bixby-Hammett DM. Accidents in Equestrian sports. Am Fam Physician
1987,36:209-14.

3 Zuckerman SL, Morgan CD, Burks S, Forbes JA, Chambless LB, Solomon GS, Sills AK.
Functional and structural traumatic brain injury in Equestrian sports: a review of the
literature. World Neurosurg 2015;83:1098-113.

4 Mayberry JC, Pearson TE, Wiger KJ, Diggs BS, Mullins RJ. Equestrian injury prevention
efforts need more attention to novice riders. J Trauma 2007;62:735-9.

5 Chang MC. National Trauma Data Bank 2016 Annual Report. 2016. https://www.
facs.org/-/media/files/quality-programs/trauma/ntdb/ntdb-annual-report-2016.
ashx.

6 Workgroup N. National Trauma Data Standard. Data Dictionary. 2020. https://www.
facs.org/-/mediaffiles/quality-programs/trauma/ntdb/ntds/data-dictionaries/ntds_
data_dictionary_2021.ashx.

4 Mutore K, et al. Trauma Surg Acute Care Open 2021;6:2000728. doi:10.1136/tsaco-2021-000728


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-0347-5469
http://orcid.org/0000-0003-3042-2637
http://dx.doi.org/10.1126/science.1168594
http://www.ncbi.nlm.nih.gov/pubmed/3630883
http://dx.doi.org/10.1016/j.wneu.2014.12.030
http://dx.doi.org/10.1097/ta.0b013e318031b5d4
https://www.facs.org/-/media/files/quality-programs/trauma/ntdb/ntdb-annual-report-2016.ashx
https://www.facs.org/-/media/files/quality-programs/trauma/ntdb/ntdb-annual-report-2016.ashx
https://www.facs.org/-/media/files/quality-programs/trauma/ntdb/ntdb-annual-report-2016.ashx
https://www.facs.org/-/media/files/quality-programs/trauma/ntdb/ntds/data-dictionaries/ntds_data_dictionary_2021.ashx
https://www.facs.org/-/media/files/quality-programs/trauma/ntdb/ntds/data-dictionaries/ntds_data_dictionary_2021.ashx
https://www.facs.org/-/media/files/quality-programs/trauma/ntdb/ntds/data-dictionaries/ntds_data_dictionary_2021.ashx

7

8

20

21

22

Adler CR, Hopp A, Hrelic D, Patrie JT, Fox MG. Retrospective analysis of equestrian-
related injuries presenting to a level 1 trauma center. Emerg Radiol 2019;26:639-45.
Carmichael SP, Davenport DL, Kearney PA, Bernard AC. On and off the horse:
mechanisms and patterns of injury in mounted and unmounted equestrians. /njury
2014;45:1479-83.

Sorli JM. Equestrian injuries: a five year review of hospital admissions in British
Columbia, Canada. /nj Prev 2000,6:59-61.

Macnab AJ, Cadman R. Demographics of alpine skiing and snowboarding injury:
lessons for prevention programs. /nj Prev 1996;2:286-9.

Megia C. Un solo centimetro, una vida arruinada: el accidente que hizo que
Christopher Reeve (Superman) pasase de estrella a leyenda. £/ Pais. 2020. https://
elpais.com/elpais/2020/05/25/icon/1590414645_949840.html.

Associated Press. Christopher Reeve, Thrown From Horse, Is Suffering Paralysis. The
New York Times. 1995. https://www.nytimes.com/1995/06/01/us/christopher-reeve-
thrown-from-horse-is-suffering-paralysis.html.

Hamilton MG, Tranmer BI. Nervous system injuries in horseback-riding accidents. /
Trauma 1993;34:227-32.

Ueeck BA, Dierks EJ, Homer LD, Potter B. Patterns of maxillofacial injuries related to
interaction with horses. J Oral Maxillofac Surg 2004;62:693-6.

Bixby-Hammett D, Brooks WH. Common injuries in horseback riding. A review. Sports
Med 1990;9:36-47.

Guyton K, Houchen-Wise E, Peck E, Mayberry J. Equestrian injury is costly, disabling,
and frequently preventable: the imperative for improved safety awareness. Am Surg
2013;79:76-83.

Clarke CN, Tsuei BJ, Butler KL. Equine-related injury: a retrospective analysis of
outcomes over a 10-year period. Am J Surg 2008;195:702-4.

Curry BA, Hitchens PL, Otahal P, Si L, Palmer AJ. Australian insurance costs of jockeys
injured in a race-day fall. Occup Med 2016;66:222-9.

Loder RT. The demographics of equestrian-related injuries in the United States: injury
patterns, orthopedic specific injuries, and avenues for injury prevention. J Trauma
2008;65:447-60.

Acton AS, Gaw CE, Chounthirath T, Smith GA. Nonfatal horse-related injuries treated
in emergency departments in the United States, 1990-2017. Am J Emerg Med
2020;38:1062-8.

Srinivasan V, Pierre C, Plog B, Srinivasan K, Petraglia AL, Huang JH. Straight from the
horse's mouth: neurological injury in Equestrian sports. Neurol Res 2014;36:873-7.
American Academy of pediatrics Committee on sports medicine and fitness:
Horseback riding and head injuries. Pediatrics 1992;89:512.

23

24

25

29

30

31

32

33

34

Havlik H. Equestrian sport-related injuries: a review of current literature. Curr Sport
Med Rep;9:299-302.

Papachristos A, Edwards E, Dowrick A, Gosling C. A description of the severity of
equestrian-related injuries (ERIs) using clinical parameters and patient-reported
outcomes. Injury 2014;45:1484-7.

Mez J, Daneshvar DH, Kiernan PT, Abdoimohammadi B, Alvarez VE, Huber BR, Alosco
ML, Solomon TM, Nowinski CJ, McHale L, et al. Clinicopathological evaluation

of chronic traumatic encephalopathy in players of American football. JAMA
2017;318:360-70.

Olsen CS, Thomas AM, Singleton M, Gaichas AM, Smith TJ, Smith GA, Peng J, Bauer
MJ, Qu M, Yeager D, et al. Motorcycle helmet effectiveness in reducing head, face and
brain injuries by state and helmet law. Inj Epidemiol 2016;3:1-11.

Olivier J, Radun I. Bicycle helmet effectiveness is not overstated. Traffic Inj Prev
2017;18:755-60.

National Football League. What is the Head Health Initiative? Players Health and
Safety. 2016. https://www.nfl.com/playerhealthandsafety/health-and-wellness/
medical-research/what-is-the-head-health-initiative (6 Jan 2021).

McKee AC, Daneshvar DH, Alvarez VE, Stein TD. The neuropathology of sport. Acta
Neuropathol 2014;127:29-51.

Zuckerman SL, Reynolds BB, Yengo-Kahn AM, Kuhn AW, Chadwell JT, Goodale SE,
Lafferty CE, Langford KT, McKeithan LJ, Kirby P, et al. A football helmet prototype
that reduces linear and rotational acceleration with the addition of an outer shell. J
Neurosurg;130:1634—41.

Johnston JM, Ning H, Kim J-E, Kim Y-H, Soni B, Reynolds R, Cooper L, Andrews JB,
Vaidya U, Simulation KJE. Simulation, fabrication and impact testing of a novel
football helmet padding system that decreases rotational acceleration. Sports Eng
2015;18:11-20.

Ball CG, Ball JE, Kirkpatrick AW, Mulloy RH. Equestrian injuries: incidence, injury
patterns, and risk factors for 10 years of major traumatic injuries. Am J Surg
2007;193:636-40.

Connor TA, Clark JM, Jayamohan J, Stewart M, McGoldrick A, Williams C, Seemungal
BM, Smith R, Burek R, Gilchrist MD. Do Equestrian helmets prevent concussion? A
retrospective analysis of head injuries and helmet damage from real-world Equestrian
accidents. Sports Med Open 2019;5:1-8.

Author N. The Facts About Concussions. Equest Mag. 2016. https://files.usef.org/
assets/tx2C7U35VCE/concussion-eqmagsummer16.pdf.

Mutore K, et al. Trauma Surg Acute Care Open 2021;6:¢000728. doi:10.1136/tsaco-2021-000728


http://dx.doi.org/10.1007/s10140-019-01718-8
http://dx.doi.org/10.1016/j.injury.2014.03.016
http://dx.doi.org/10.1136/ip.6.1.59
http://dx.doi.org/10.1136/ip.2.4.286
https://elpais.com/elpais/2020/05/25/icon/1590414645_949840.html
https://elpais.com/elpais/2020/05/25/icon/1590414645_949840.html
https://www.nytimes.com/1995/06/01/us/christopher-reeve-thrown-from-horse-is-suffering-paralysis.html
https://www.nytimes.com/1995/06/01/us/christopher-reeve-thrown-from-horse-is-suffering-paralysis.html
http://dx.doi.org/10.1097/00005373-199302000-00008
http://dx.doi.org/10.1097/00005373-199302000-00008
http://dx.doi.org/10.1016/j.joms.2003.12.010
http://dx.doi.org/10.2165/00007256-199009010-00004
http://dx.doi.org/10.2165/00007256-199009010-00004
http://dx.doi.org/10.1177/000313481307900134
http://dx.doi.org/10.1016/j.amjsurg.2007.11.007
http://dx.doi.org/10.1093/occmed/kqv150
http://dx.doi.org/10.1097/TA.0b013e31817dac43
http://dx.doi.org/10.1016/j.ajem.2019.158366
http://dx.doi.org/10.1179/1743132814Y.0000000373
http://www.ncbi.nlm.nih.gov/pubmed/1741231
http://dx.doi.org/10.1016/j.injury.2014.04.017
http://dx.doi.org/10.1001/jama.2017.8334
http://dx.doi.org/10.1186/s40621-016-0072-9
http://dx.doi.org/10.1080/15389588.2017.1298748
https://www.nfl.com/playerhealthandsafety/health-and-wellness/medical-research/what-is-the-head-health-initiative
https://www.nfl.com/playerhealthandsafety/health-and-wellness/medical-research/what-is-the-head-health-initiative
http://dx.doi.org/10.1007/s00401-013-1230-6
http://dx.doi.org/10.1007/s00401-013-1230-6
http://dx.doi.org/10.3171/2018.1.JNS172733
http://dx.doi.org/10.3171/2018.1.JNS172733
http://dx.doi.org/10.1007/s12283-014-0160-4
http://dx.doi.org/10.1016/j.amjsurg.2007.01.016
http://dx.doi.org/10.1186/s40798-019-0193-0
https://files.usef.org/assets/tx2C7U35VCE/concussion-eqmagsummer16.pdf
https://files.usef.org/assets/tx2C7U35VCE/concussion-eqmagsummer16.pdf

	Hearing hoofbeats? Think head and neck trauma: a 10-­year NTDB analysis of equestrian-­related trauma in the USA
	Abstract
	Introduction
	Methods
	Data source and study population
	Study variables
	Statistical analyses

	Results
	Demographics and injury distribution
	Inpatient characteristics and mortality

	Discussion
	Conclusion
	References


