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Abstract Background: Since its release in 2015, the
hoverboard has been associated with injuries in children
and adolescents. However, its public health implications
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have yet to be explored in the orthopedic literature
across multiple centers. Purpose/Questions: We sought
to assess the nature of orthopedic injuries and the use of
clinical resources related to the hoverboard at four high-
volume, regional pediatric hospitals. Methods: Depart-
mental databases of emergency department (ED) consul-
tations and urgent orthopedic clinic (UC) visits were
queried for hoverboard injuries. A retrospective medical
record review was performed for patients presenting over
a 3-month period at four institutions. Data on demo-
graphics, injuries, clinical course, and resource use were
analyzed. The frequency of hoverboard-related consulta-
tions was compared to those for monkey bar—related
injuries at the primary study institution. Results:
Eighty-nine patients with orthopedic hoverboard injuries
presented to the ED and/or UC in the study period.
Hoverboard injuries represented 2.2% of orthopedic ED
consultations at the primary institution, compared to
1.5% for monkey bar injuries. Sixty-nine out of 89
(77.5%) total injuries involved the upper extremity, in-
cluding 47 (52.8%) distal radius fractures, the most
common hoverboard-related diagnosis. All but one inju-
ry (97.8%) underwent radiography, and eight (9%) re-
quired surgery. No patients reported wearing protective
gear at the time of their injury. Conclusions: Hoverboards
were associated with a variety of pediatric orthopedic inju-
ries and required the use of significant resources in the ED,
UC, and operating room. These data may represent a
starting point for further prospective multi-center studies
and public health efforts toward prevention of hoverboard
injuries.
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Introduction

The first hoverboard prototype was released in April 2015,
and sales surged in the latter half of that year and into the
winter holiday season. A hoverboard (or hover board) is a
handle-less, motorized, two-wheeled scooter that uses elec-
tronics and precision sensors to accelerate in the direction of
the user’s transfer of body weight. Its use is associated with
sudden accelerations forward or backward, or in rotation,
when standing upright. It requires a keen sense of balance
and control and poses significant risk of forward, backward,
and torsional falls, as well as a risk of fingers and toes
catching in the wheels. As a result, the hoverboard has been
associated since its release with various orthopedic injuries,
particularly in children, including upper-extremity fractures
related to falls [2, 6, 9, 12, 13, 17, 18, 20] and non-
orthopedic injuries, such as concussions and burns (the
devices presented a fire hazard). Around the December
2015 holiday season, many social media and news outlets
reported injuries related to hoverboards. Consequently, re-
tailers including Amazon.com imposed a ban on selling
many of the products at the time, due to safety concerns,
even offering customers refunds in January 2016. Similarly,
government safety officials in many countries responded
with new legislation and impoundment of the devices, due
to their injury risk and explosion history.

As a result, a new burden of injury may have been
introduced to the constellation of orthopedic pathology pre-
senting to emergency departments and urgent care clinics.
However, this popular toy’s public health implications have
yet to be explored in the orthopedic literature in multi-center
fashion or across different regions. We therefore sought to
assess the nature of orthopedic injuries and clinical resources
used that are associated with hoverboard injuries at four
high-volume, regional pediatric referral centers in three geo-
graphic regions over a discrete 3-month period. Our primary
aim was to better understand injury mechanisms, safety
concerns and regulations needed, and burden on the health
care system and society at large. Our secondary aim was to
provide an epidemiologic perspective on hoverboard injuries
by comparing the frequency and nature of these injuries to
another common cause of pediatric orthopedic
injury—monkey bars.

Materials and Methods

A departmental database of emergency department (ED) and
urgent orthopedic clinic (UC) visits at a single regional tertiary
care pediatric hospital were queried using a word search for
“hoverboard” and “hover board” injuries to identify all pedi-
atric and adolescent cases (ages 0 to 19 years) of orthopedic
injuries related to hoverboard use between December 25,
2015, and March 25, 2016. An original inter-departmental
digital trauma-tracking program designed to monitor all ortho-
pedic consultations was also cross-referenced to optimize the
search for orthopedic injuries seen in the ED. Comparable
searches were performed at three other hospitals in two addi-
tional US regions. All four institutions are American College
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of Surgeons—verified level-1 trauma centers in urban areas on
the East and West Coasts. To provide greater perspective on
the resource use associated with hoverboard injuries over time,
the entire course of care of patients treated at the primary
institution, which included the highest-volume cohort, was
analyzed with data obtained from all follow-up visits with
orthopedic providers in any orthopedic clinic, including be-
yond the study period.

A retrospective medical record review was performed to
collect various data points, when available, for the resulting
study population, including demographic information (date
of birth [DOB], age, sex), injury variables (date of injury
[DOI], mechanism, diagnosis, location of injury, protective
gear worn), clinical course (time missed from school or
sports, length of recovery), and hospital resource use (imag-
ing, casting, reduction, surgery, hospital admission). The
frequency of hoverboard-related consultations at the primary
study institution was compared to that of monkey bar—
related injuries at the same institution over the same 3-
month period. Statistical analysis consisted of descriptive
statistics, means, ranges, and comparisons of injury rates.

Results

Eighty-nine patients with orthopedic hoverboard injuries
presented to the ED and/or UC at the four hospitals in the
3-month study period. Of the 89 injuries, 15 (16.8%) oc-
curred on Christmas Day. The study population consisted of
55 males and 34 females, with a mean age of 11.4 years
(range, 4 to 18 years), with no difference in mean age
detected between the sexes. No patients reported wearing
protective gear at the time of their injury.

Thirteen patients presented to the ED at the primary study
institution, representing 2.2% of all orthopedic ED consults
over the study period, compared to 1.5% for monkey bar
injuries. Thirteen additional patients presented to one of the
primary institution’s UCs over that same period (three present-
ed to outside EDs before presenting to the UC).

Of the 89 hoverboard-related injuries, 69 (77.5%) in-
volved the upper extremity (Fig. 1); 47 (52.8%) were distal
radius fractures, which was the most common hoverboard—
related diagnosis. Seven (7.8%) injuries occurred to the elbow,
six (6.7%) to the fingers, six (6.7%) to the upper arm or
shoulder, and three (3.4%) to the forearm or other wrist bones.
These diagnoses included supracondylar humerus fracture
(n=4), lateral condyle fracture (n= 1), radial neck fracture
(n=2), open Seymour fracture (n = 3), forearm buckle frac-
ture (n= 1), scaphoid fracture (n= 1), humeral shaft fracture
(n=1), radial shaft fracture (n= 1), proximal humerus frac-
ture (n= 3), and clavicle fracture (n= 1) (Fig. 1). The ankle
was the most common site of lower-extremity injury (n=9,
10.1%), with injuries including six distal tibia/fibula fractures,
two triplane fractures, and a trimalleolar fracture with disloca-
tion. There were five (5.6%) knee injuries, including a patellar
dislocation, two tibial tubercle fractures, a partial anterior
cruciate ligament tear, and a tibial plateau fracture. There were
six fractures to the foot: two (2.2%) metatarsal fractures and
four (4.5%) toe fractures.
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Fig. 1. Diagnoses and anatomical sites affected by hoverboard injuries.

At the primary study institution, where 26 patients
sought care, the most common specified mechanism of
injury was a fall onto outstretched hand (FOOSH), account-
ing for at least eight (30.8%) of the injuries at this institution.
Other common mechanisms of injury included finger en-
trapment in the wheel (3/26, 11.5%) and falling backward
(2/26, 7.7%), although 11/26 (42.3%) had falls with unspec-
ified mechanisms.

Of the 45 patients with diagnostic data provided, all but
one (97.8%) required radiographs, and advanced imaging
(magnetic resonance imaging or computed tomographic
scanning) was used for six (13.3%). Twenty-one patients
(80.8%) at the primary institution underwent multiple sets
of radiographs, with an average of three sets per patient. Five
children (19.2%) underwent five or more sets of X-rays. Of
patients from all sites, 31 (34.8%) required anesthesia in the
course of care, including 21 (23.6%) reductions of displaced
fractures under sedation (four with pinning procedures per-
formed in the ED) and eight (9%) undergoing surgery in the
operating room. All three finger fractures at the primary
institution were hoverboard wheel injuries requiring surgery,
consisting of fracture irrigation and debridement (I&D),
nailbed repair, and percutaneous or open fixation. Other
surgeries performed across all sites included percutaneous
pinning of a lateral condyle fracture, open reduction with
internal fixation (ORIF) of a tibial tubercle avulsion fracture,
ORIF of a medial malleolus fracture with syndesmosis inju-
ry, ORIF of a trimalleolar ankle fracture with dislocation,
and [&D with percutaneous fixation of a great toe Seymour
fracture. Six patients (13.3%) from three sites were admitted
to the hospital. Casting was performed for 35 out of 45
injuries (77.8%) at those same sites, ranging from 2 to
10 weeks of casting duration.
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Proximal humerus fracture: 4.5% (n = 4)
Humeral shaft fracture: 1.1% (n=1)
Clavicle fracture: 1.1% (n = 1)

Supracondylar humerus fracture: 4.5% (n = 4)
Radial neck fracture: 2.2% (n = 2)
Lateral condyle fracture: 1.1% (n = 1)

Distal radius fracture: 52.8% (n = 47)
Scaphoid fracture: 1.1% (n = 1)

Radial shaft fracture: 1.1% (n = 1)
Forearm buckle fracture: 1.1% (n = 1)

Open seymour fracture: 3.4% (n = 3)

Fingers: 6.7% — Other finger fracture: 3.4% (n = 3)

Knee: 5.6% — Tibial tubercle fracture: 2.2% (n = 2)

Tibial plateau fracture: 1.1% (n = 1)

Patellar dislocation: 1.1% (n = 1)

Partial anterior cruciate ligament tear: 1.1% (n
=1)

Distal tibia/fibula fracture: 6.7% (n = 6)
Triplane fracture: 2.2% (n = 2)
Trimalleolar fracture w/ dislocation: 1.1% (n =

1

Toe fracture: 4.5% (n = 4)
Metatarsal fracture: 2.2% (n = 2)

At the primary institution, one child missed 8 weeks of
school due to his injury, another attended school in a wheel-
chair, and at least eight (30.8%) were prescribed an opioid
pain medication. All 26 patients at this site were required to
discontinue athletic activities for at least 4 weeks and as long
as 6 months (mean, 7.4 weeks). After the initial ED or UC
visit, patients made an average of 3 (range, 0 to 7) additional
visits to the UC for evaluation. The average time at which
the orthopedic surgeon discharged from clinic or recom-
mended follow-up on an as-needed basis was 8.1 weeks
(range, 4 to 16 weeks), with several patients requiring addi-
tional follow-up visits for radiographs to assess for growth
disturbance.

Discussion

We found the hoverboard, a popular new recreational device
marketed primarily to children, to be associated with a
variety of orthopedic injuries. These injuries often required
substantial resource use in EDs, UCs, and operating rooms,
as well as follow-up care in orthopedic clinics. The
hoverboard appears to have been associated with a wide
array of injuries to children, considerable time missed from
activities, and a new health care burden.

The literature to date is devoid of multi-center or multi-
region investigations of pediatric orthopedic hoverboard—
related injuries in the USA. This multi-center study substan-
tiates some of the findings and conclusions drawn in previ-
ous single-center or single-region studies in children:
hoverboards have created a significant burden of injury,
particularly upper-extremity fractures from falls [2, 6, 9,
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12, 13, 16-18, 20]. All report a significant deficit in the use
and regulation of protective gear.

There are limitations to our study. We determined that
hoverboard-related injuries accounted for 2.2% of all ortho-
pedic ED consults in a single hospital-based pediatric health
care system over a 3-month period. This may be a gross
underestimation, for a number of reasons. First, the study
took place during winter, with the largest cohort drawn from
a northern US region. Therefore, cold and otherwise adverse
weather conditions likely deterred many children from using
their hoverboards (although cold and wet weather may also
increase injury rates in children). In addition, many, if not
most, injuries such as abrasions and contusions may not be
severe enough for treatment in the ED or UC. Limitations of
retrospective methodology pertinent to this study include
that some of the medical records may not have included
the search terms we used in this study’s methodology.
Non-orthopedic injuries such as burns and concussions were
also not included, thereby lowering the overall health care
burden of hoverboards on the ED and UCs.

Other recreational devices or toys, such as skateboards,
in-line roller skates, trampolines, and monkey bars, have
been associated with pediatric orthopedic injuries well
known to emergency and orthopedic departments. As they
became more popular, studies were published in pediatrics,
emergency medicine, sports medicine, and orthopedics
journals evaluating their use and their associated injury
rates. For example, the first known use of the term “monkey
bars” was in 1955 [8], and monkey bars have since posed a
high falls risk. In the first equipment-specific injury requir-
ing ED evaluation, the American Academy of Pediatrics
reported that common injuries include fractures (upper ex-
tremity, 90%; supracondylar, 40%) and contusions [19]. In-
line roller skates were first patented in 1953, and fractures
have been reported to be the most common injury, with two-
thirds of the fractures involving the distal forearm [10, 11].
Shortly after the rise of in-line roller skating, the first skate-
board was made from roller skates attached to a board. A
recent investigation of the epidemiology of skateboarding
injuries reported that the most commonly injured body re-
gions were the upper (44.1%) and lower (31.7%) extremi-
ties, and fractures and dislocations were the most common
diagnoses [7]. Unlike in skateboarding, in which most inju-
ries occur when the board strikes an irregularity in the riding
surface, projecting the skateboarder in the direction of travel
[4, 8], hoverboards can thrust the rider forward or backward,
simply through its inherent function, which relies on elec-
tronic accelerometers.

In our study, hoverboard-related injuries represented 2.2%
of all orthopedic ED consultations at the primary study insti-
tution, compared to 1.5% for monkey bar injuries. When
comparing and contrasting rates of injury of upper versus
lower extremities across four common or high-risk devices,
as described in previous studies (Fig. 2), hoverboards caused
more upper-extremity injuries than skateboards and in-line
skates but less than monkey bars [7, 15, 19]. As the most
common mechanism of injury for these devices is a fall, often
onto an outstretched arm, upper-extremity injuries are most
prominent. Wrist fractures are the most common diagnosis for
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Fig. 2. Rates of upper- and lower-extremity injuries related to
hoverboards, skateboards, in-line skates, and monkey bars.

these mechanisms, except for monkey bars, which has a higher
rate of supracondylar fractures [3, 15, 19].

In response to the high injury rates from monkey bars,
in-line skates, and skateboards, the Centers for Disease
Control and Prevention (CDC) [1], the US Consumer Prod-
uct Safety Commission (CPSC) [5], and the American Acad-
emy of Pediatrics [4], among other institutions, have made
recommendations on the construction and implementation of
these devices. Traffic regulations, safety guidelines, and
restrictions based on age and common sense have been
implemented at various levels. Although not all have been
proven to reduce injury, measures that have been recom-
mended to prevent injuries include wearing personal protec-
tive equipment (wrist guards, helmets, knee, and elbow
pads), improving environmental conditions, providing les-
sons for novice users, certifying instructors, encouraging
physical preparation and safety education, improving equip-
ment design and standards, and refining government policy
and regulation [14]. One study published in the New En-
gland Journal of Medicine showed that wrist and elbow
guards were effective modes of protection from injury [15].

Considering the high demand for the hoverboard in the
year of its introduction, and the resulting high number of
unforeseen injuries, we hope that our findings might assist
with preparations for the release of other toys and recreational
devices. For example, it may be prudent to establish a network
for active surveillance of injuries in order to quickly respond
with safety recommendations for such situations in the future.

As a result of this investigation, we recommend that more
widespread safety regulations be established regarding
hoverboards. Several airlines have banned hoverboards on
flights to prevent explosion of their lithium batteries, and some
regions have regulated where they may be used in public.
However, none of the patients in the current study reported
wearing safety gear, and the rates of missed school and activ-
ities as a result of hoverboard-related injuries were high. In-
creasing legislation and knowledge of other safety measures
similar to those cited above in conjunction with monkey bars,
in-line skates, and skateboards would likely aid in preventing
the hoverboard-related orthopedic injury burden we found in
this study. This is particularly important now, given the recent
rise of similar devices. These data may also represent a starting
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point for further prospective multi-center research and public
health efforts toward prevention measures related to
hoverboards.
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