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Abstract

Background: A variety of injuries occur with participation in water sports and can frequently range from minor contusions and lacerations to serious fractures and
brain bleeds. Closed head injuries, which have garnered increasing attention in recent years due to potentially long-lasting complications, especially when they occur
in the developing brain, also have been noted to occur frequently.

Purpose: To estimate the incidence, demographics and injury patterns for patients presenting to the ED with injuries to the head and neck resulting from water sport
activities.

Study design: Descriptive epidemiology study.

Methods: The National Electronic Injury Surveillance System (NEISS) was evaluated for head and neck injuries from water sport activities from 2014 to 2018.
The database was queried for “Water skiing, tubing, and surfing.” All age ranges were included. Relevant entries were examined for incidence, patient characteristics,
location of injury, and type of injury.

Results: There were 689 relevant NEISS entries for head and neck injuries resulting from water sports from 2014-2018. The median age among those injured was 21
years old and the majority were males (64%). The most common water sports that resulted in injury were surfing (37%), inner tube related injuries (32%), followed
by injuries resulting from wake board use (14%). The most common injury locations were the head (40%), followed by the face (34%), neck (14%), and ear (8%).
Lacerations were the most common type of injury reported (34%), followed by closed head injuries (30%). Other notable type of injuries included facial fractures (5%)
and also tympanic membrane perforations (3.7%). There was also a nearly 1% rate of reported intracranial bleeds among those injured.

Conclusion: A large number of reported water sport injuries were closed head injuries that occurred in young adults. These types of injuries have been shown to have
long-term detrimental effects in the developing brain. This necessitates the need for greater emphasis on head protection during water sports, something that, at this
current time, is grossly under-utilized. In addition, patients participating in water sports suffered from a variety of head and neck traumas including facial laceration,
fractures, and tympanic membrane perforations.

Clinical relevance: This study will also hopefully also assist health care providers when examining and treating patients that present with head and neck injuries
related to water sport activities.

What is known about the subject: While millions enjoy the thrill of water sports each year, these activities have been noted to pose significant risks for injury.

What this study adds to existing knowledge: Given the previously documented risks associated with these activities, this study will provide much needed information
to the public on the risks associated with these activities, and also assist medical providers when caring for patients that present with these injuries.

Introduction With the popularity of surfing, activities such as skim boarding and
stand up paddle boarding, were developed as spinoft activities, and

Each year more than 180 million Americans travel to the beach - o
have become more widely practiced in recent years [6,7].

to enjoy the water, sand, and sunshine [1]. While some beachgoers
are content sitting on the beach and wading in the water, others have
preferred to chase the adrenaline rush that comes with the speed
and excitement experienced with water sports. With advancements
in boating technology over the last several decades, there has been a
rise in popularity of towed water sports. While water skiing has been
around for almost a century, tubing started to become increasingly
popular in the 1970s [2,3]. Additionally, with the soaring popularity

While millions enjoy the thrill of water sports each year, these
activities have been noted to pose significant risks for injury [3,5].
Currently, little evidence exists with regards to injuries from water sport
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of snowboarding within the United States in more recent years, similar
water sport versions, such as wakeboarding and knee boarding have
also now risen to prominence [3,4]. Other water sports, such as surfing,
which has a history that dates back thousands of years, remain popular
in the United States, particularly in the coastal regions and Hawaii [5].
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participation, especially with regards to injuries to the head and neck
region. A variety of injuries occur with participation in water sports
and can frequently range from minor contusions and lacerations to
serious fractures and brain bleeds. Closed head injuries, which have
garnered increasing attention in recent years due to potentially long-
lasting complications, especially when they occur in the developing
brain, also have been noted to occur frequently [3].

Here we present an analysis of head and neck injuries presenting to
the emergency department from 2014-2018 resulting from participation
in water sports. To our knowledge, no comparable studies have been
performed on the subject. The only similar studies used older data,
explored only prevalence of injuries in a single activity, were limited
to certain age ranges, or only included certain geographical locations
[3-12]. Given the previously documented risks associated with these
activities, this study will provide much needed information to the public
on the risks associated with these activities, and also assist medical
providers when caring for patients that present with these injuries.

Methods

The United States Consumer Product Safety Commission National
Electronic Injury Surveillance System (NEISS) database was accessed
on October 30, 2019. The database has been used in the past to help
with establishing consumer product guidelines, initiating product
recalls, and to increase public awareness of the risks associated with a
variety of consumer products included within the database.

The NEISS database gathers data from the emergency departments
(ED) of approximately 100 hospitals selected as a probability sample of all
5,000+ U.S. hospitals with emergency departments. Each participating
hospital has a NEISS coordinator that reviews all emergency room
visits and selects those patients with injuries that are included within
the NEISS database. The victim’s age, gender, race, ethnicity, injury
diagnosis, affected body parts, and the associated consumer product
are coded for each patient. A brief descriptive narrative is also included
if sufficient information is available.

The database was queried for “Water skiing, tubing, and surfing”
We searched the database for the most recent five-year period, from
2014-2018. All age ranges were included. The results were then filtered
to include only injuries to the head and neck region. The data was
analyzed by patient age, gender, location of the injury, and the type of
water sport the patient was participating in during injury. Of note, this
study qualifies as nonhuman subject research and is exempted from
institutional review board approval because the data is derived from
a publicly available database offered by the U.S. Consumer Product
Commission

Results

From 2014 through 2018 there were 689 head and neck injuries
resulting from water sports that presented to NEISS participating
emergency departments. This extrapolated to an estimated 6,718
associated injuries per year in 2017 (95% CI 2,519 to 10,916), which
was the most recent year available for a national estimate. The median
age among the whole population was 21 years old (Table 1). The
patients were grouped into clinical relevant ages including infants and
toddlers (0-5 years old), young children (6-12 years old), adolescent
(13-18 years old), young adult (19-40 years old), middle-age adult
(41-65 years old), and senior adults (66+ years old). There was noted
to be a progressively decreasing number of injuries with increasing age,
especially in those older than 66 years old, which made up only 1.5%
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of the cohort (Table 1). In addition, the majority of injuries were noted
during the summer months, with July being the most frequent month
of injury (Figure 1).

The most common water sports that resulted in injury were surfing
(37%), followed by inner tube related injuries (34%), and injuries
from wake board use (14%) (Figure 2). Other water sports were noted
to have a much lower rate of injury in our study. The most common
site of injury, regardless of what type of water sport the patient was
participating in, was head injuries (40%). This was followed by injuries
to the face, which made up 34% of the injuries, neck (14%), and ear
(8%) (Figure 3). Lacerations were the most common type of injury
reported (34%), followed by closed head injuries (30%). Other notable

Table 1. Patient demographics of those presenting to the emergency department from 2014-
2018 with head and neck injuries

Demographic Variable Patients Injured (n, %)
Sex
Male 440 (64)
Female 248 (36)
Age
0-5 7(1.01)
6-12 83 (12)
13-18 192 (27.9)
19-40 282 (41)
41-65 114 (16.5)
66+ 10 (1.45)
Median age 21
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Figure 1. Number of patients presenting to the emergency department from 2014-2018
with head and neck injuries related to water sport participation.
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Figure 2. Most common type of water sports patients was participating in that resulted in
subsequent presentation with head and neck injuries from 2014-2018.
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type of injuries included facial fractures (5%) and also tympanic
membrane perforations (3.7%) (Figure 4). There was also a nearly 1%
rate of reported intracranial bleeds among those injured.

Discussion

There is limited information within the literature regarding water
sport related injuries, in particular those focusing on the head and neck
region. Previous studies were more limited in scope and used older
data [3-12]. Water sports are among the fastest growing sports and
currently account for a 16% share of the global sports market, which
amounted to more than $45 billion in 2014[13]. Among the injuries
that occur with water sport participation, head and neck injuries are
among the most frequent and morbid, thus further investigation into
common injury patterns that occur with these sports is especially
warranted at this time.

Overall, head injuries were the most common location of injury
followed by injuries to the face. Lacerations were the most common type
of injury reported, but they were followed closely by closed head injuries
(Table 2). Closed head injuries have drawn special attention in recent
years throughout the sporting community due to their potentially long
lasting complications, especially when they are recurrent and severe in
nature [14,15]. There has been a strong emphasis within the sporting
community in regards to preventing and quickly diagnosing closed
head injuries, and athletes participating in team sports frequently
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Figure 3. Distribution of primary injury location among patients presented to the emergency
department in the United States following injury while participating in water sports.
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Figure 4. Most frequently occurring head and neck injuries resulting in presentation to the
emergency department as a result of water sport participation.
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Table 2. Injury characteristics stratified by Diagnosis and Body Part Impacted.
(TM=tympanic membrane perforation)

Injury Type Body Part Injured

Head | Face | Eyeball Mouth = Neck Ear Total
Closed head injury 203 - - - - - 203
Contusion 15 33 3 - 4 3 58
Fracture - 32 - - 3 - 35
Laceration 50 168 1 2 1 11 233
Dental Injury - - - 5 - - 3
Muscle strain - - - - 93 - 93
Hemorrhage 6 - - - - - 6
Corneal abrasion - - 11 - - - 11
Otitis externa - - - - - 19 19
TM perforation - - - - - 25 25
Totals 274 233 15 7 101 58 688

receive a prompt and thorough workup when there is concern for
these injuries. Water sports typically occur in more remote locations
and participants are typically only participating at a recreational level.
Thus, the ability to be evaluated by medical care providers is more
limited and frequently delayed in this population. In addition, the use
of helmets has been more slowly adopted with water sports than other
sports [16]. Teenagers and young adults, which made up most of the
injuries in our study, have been noted to have a negative attitude toward
helmet use, and this has also likely contributed to its slow adoption in
the water sports community [16,17]. Given our findings though, greater
emphasis on head protection would likely have the greatest impact in
reducing the overall rate of injury in those participating in water sports.

Also, despite the high speeds associated with towed water sports,
such as wake boarding and waterskiing, these activities were less likely
than surfing to result in injury (Figure 2). Patients injured while surfing
were also more likely to obtain more severe injuries such as facial
fractures and closed head injuries than other water sports. Previous
studies have highlighted the high rate of both lower and upper extremity
injuries with surfing, but data regarding injury to the head and neck
region has been limited up to this point [11,12]. Given the high rate of
head injuries among surfers these types of injuries deserve increased
recognition and greater emphasis should be placed on their prevention.

Other head and neck injuries, most notably tympanic membrane
perforations were noted within the patient cohort (Table 2). These
occurred most frequently in inner tube related injuries, which
accounted for 64% of all tympanic membrane perforations, which was
significantly more than any other type of water sport. These patients
frequently presented with ear pain and otorrhea. Prior studies looking
at traumatic TM perforations from water sports suggested that these
injuries should initially be treated conservatively with close observation
to assess for complications and persistence of the perforation [18]. In
addition, the use of ofloxacin otic drops has been noted to promote a
moist tympanic membrane and thus increase the rate of spontaneous
closure of medium sized tympanic membrane perforations [19,20].
This data will hopefully allow physicians to be aware of these trends,
recognize common presenting symptoms, and assist with proper
treatment for these patients.

There are a variety of new water sports including paddle boarding,
skim boarding, and boogie boarding, which have becoming increasingly
popular over the last several years. In particular, stand up paddle
board use, has grown exponentially in recent years, with participation
increasing from 1.1 million in 2010 up to 2.8 million in 2014 [6]. While
there were relatively few cases in our patient sample, as the popularity
continues to rise, the number of injuries will continue to grow. Follow
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up studies will be beneficial in order to track the rate of injuries with
these activities and to better characterize the risks associated with
participation in these water sports.

There are limitations to our study, which include those inherent
to the NEISS database. This includes the fact that the database utilizes
100 participating emergency departments throughout the United
States. Ideally these emergency departments are representative of the
entire United States, but depending on their location, especially in
relation to major bodies of water for this study, could impact results.
In addition, actual patients charts are not able to be reviewed and
narrative description for each patient injury vary in the amount of
detail provided, thus making it difficult to fully rule out coding errors
in the database. Nonetheless, this study presents previously unreported
data for head and neck injuries associated with water sport use. It
will hopefully enable providers to better assess and treats patients
presenting with water sport injuries. This study also emphasizes the
need for the use of head protection in water sports, given the high rate
of skull injuries. This study will also hopefully encourage the adoption
of regulations by professional water sport associations with regards to
head protection, and thus help promote and normalize the use of these
safety measures in the general population.
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