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BACKGROUND: Several recreational activities such as roller skating, skateboarding, and scooter riding
create the risk for hand injuries, which are the fourth most commonly injured body part in relation to
their use. Seymour first identified a specific pattern of digit injury as an open fracture affecting the distal
phalangeal physis associated with nail avulsion from the eponychial fold. In this article, we report a series
of Seymour fractures associated with misuse of the newly emerging recreational/transportation vehicle,
the hoverboard.

,Is(g ﬁzrj:: METHOD: The study includes a retrospective chart review of patients who presented to a tertiary hospital
Fracture between December 2015 and October 2016 with a Seymour fracture caused while operating a hoverboard.
Hoverboard RESULTS: A total of 13 patients were treated for Seymour fractures. The majority were male patients, and

Hand the group had a mean age of 10.3 years (£2.21). The affected digits were primarily the middle and ring
Injury fingers of the non-dominant hand. The injury mechanism reported by patients or families indicated that
the child was operating the hoverboard in a sitting position with the hands grasping the wheel rim parts.
CONCLUSION: We report a case series of a fracture pattern resulting from the improper/unsafe use of a
hoverboard. This type of fracture occurs with a tremendous load of energy. Although improper use was a
factor, design fault also plays a role in causing the injury. Parent awareness and supervision are important

to prevent such injuries.

© 2017 The Author(s). Published by Elsevier Ltd on behalf of [JS Publishing Group Ltd. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

In the pediatric population, the hand is a frequently injured body
part. The prevalence of hand injury in this population is attributed
to their curiosity, minimal motor coordination, and limited fear of
pain, while adolescents tend to sustain hand injuries by participat-
ingin contact sports[1]. Hand injuries comprise 2.6% of hospitalized
pediatric traumas [2], and 19% of all pediatric hand injuries consist
of fractures [3]. As many as 20% to 30% of pediatric hand frac-
tures involve the physis [4]. The Seymour fracture, which was first
reported by Seymour in 1966 [5], represents a transverse extra-
articular open fracture of the distal phalanges associated with nail
bed injuries. The fracture includes Salter-Harris type I and II frac-
tures as well as juxta-epiphyseal injuries [5-7].

Hoverboards are self-balancing scooters designed for short-
distance transportation and recreation, similar to skateboards.
Sales of hoverboards are reported to have reached 2,578,000 units
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purchased in the US alone [8]. The device comprises two wheels
spanned by a flat surface where the user places his feet and that
contains a lithium battery-powered motor. The user operates it by
standing upright on the device and leaning forward or backward
to propel the device. Some brands can reach speeds of 12 miles
per hour [9,10]. Hoverboard users are regarded as vulnerable to
falls and other dangers of the road and, together with pedestrians
and bicyclists, account for approximately 50% of the total fatalities
worldwide as reported by the World Health Organization (WHO) in
2013 [11]. The United States Consumer Product Safety Commission
(CPSC) has received several injury reports related to the use of these
vehicles due to fire ignition, smoke inhalation, falls, and collision,
following which safety statements were issued recommending the
use of padding and helmets, avoiding bystanders and traffic, and
using the boards only over flat surfaces [12].

In this article, we present a case series of distal phalangeal
fractures associated with nail avulsion (Seymour fracture) that
occurred with the improper use of hoverboards. We discuss patient
presentation, details of the associated mechanism of injury, and the
overall management of these cases. This work has been reported in
line with the SCARE criteria [13].

2210-2612/© 2017 The Author(s). Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. Clinical presentation of Seymour fracture. A. The clinical involvement of the
left ring finger with open fracture of the distal phalanx together with nail avulsion.
B. Radiographic image showing the radiologic findings with open juxta-epiphyseal
fracture of the distal phalanx.

2. Patients and methods

A retrospective chart review was performed of all patients who
presented with Seymour fracture that occurred while operating a
hoverboard in a tertiary care academic hospital. The review period
was December 2015 to October 2016. Demographic data includ-
ing age, sex, hand dominance, digit involved, mechanism of injury,
the line of fracture (Salter-Harris or juxta-epiphyseal), and initial
and definitive management offered were documented. In addition,
outcome/complications were recorded. Data were coded in Excel
and analyzed with SPSS (version 22; 0.0.0). Results are presented
as frequency distributions and mean values with standard devia-
tion (SD). Consent was given by patients and parents/guardians for
their data to be used for scientific publication. The work has been
reported in line with the PROCESS criteria [14].

3. Results

We report on 13 cases of hoverboard-related injuries occur-
ring between December 2015 and October 2016. The injuries were
identified specifically as being open fractures of the distal pha-
langes with associated nail bed injuries, known as Seymour fracture
(Figs. 1 and 2). Five of thirteen patients were found to have a juxta-
epiphyseal type of injury, whereas the remaining patients had a
Salter-Harris type of Seymour fracture. Affected patients were chil-
dren aged between 6-12 years, with a mean age of 10.3 years (SD
2.21). All patients presented to the emergency department (ED),
where initial wound management was initiated, followed by refer-
ral to a hand surgery service. On primary assessment, most of the
patients received primary wound suture followed by admission to
receive appropriate operative management. One patient was man-
aged by emergency physicians with wound irrigation and primary
suture approximations followed by hand surgery. The average time
of presentation to the hospital was 1.61 days (SD 1.66), with a max-
imum of 7 days until definitive management was given. The most
affected digit was the middle finger (six patients), followed by the
ring finger (five patients), and the index finger (two patients). The
left hand was affected in 61.5% of the injuries. The majority of the
children (92.3%) were right-handed. The data are summarized in
Table 1.

During the patient and family interview, all patients described
a similar mechanism of injury in which the child was operating
the vehicle in a sitting position with the hands grasping the wheel
rim. The injured finger was impacted between the wheel and the
wheel rim, as the child’s weight activated the propulsion of the
wheels. The force applied from the wheel in direct contact with the

Fig. 2. Schematic illustration of Seymour fracture showing the lateral view with
open avulsion fracture at the base of the distal phalanx and avulsion of the nailbed.

Table 1
Demographics of patients with Seymour injuries.
Characteristics No. (%)
Gender Males 10(76.9%)
Females 3(23.1%)
Age 6 years 1(7.7%)
7 years 2 (15.4%)
10 years 2 (15.4%)
11 years 2(15.4%)
12 years 6 (46.2%)
Mean (SD) 10.3 years (SD 2.21)
Digit Index finger 2(15.4%)
involved Middle finger 6 (46.2%)
Ring finger 5(38.5%)
Side Right 5(38.5%)
involved Left 8(61.5%)
Handedness Right 12 (92.3%)
Left 1(7.7%)
Fracture Salter-Harris 8 (61.5%)
Type Juxta-epiphyseal 5(38.5%)




CASE

PORT - OPEN ACCESS

A.E. Kattan et al. / International Journal of Surgery Case Reports 38 (2017) 57-60 59

Fig. 3. Schematic representation of the mechanism of injury. Improper operation of
the hoverboard in which the child sits on the board while the hands are underneath
holding the board. The child’s weight propels the board forward, and the finger is
impacted between the wheel and the wheel rim, inducing the digit injury.

impacted digit induced the injury. A schematic representation of
the mechanism of injury is presented in Fig. 3.

All patients received operative management of nail disim-
paction at the fracture site followed by wound irrigation and
fracture reduction and nail bed repair with subsequent axial k-wire
fixation.

On patient follow-up, none of the operated patients developed
any pin-tract infection or osteomyelitis. After 4 weeks following
operative fixation, the K-wire was removed, and range-of-motion
exercises were started by the hand therapist. Patients received
follow-up for a period of 6 weeks, and no complications were noted,
with an acceptable range of motion of the distal interphalangeal
joint.

4. Discussion

Hoverboards are a new transport technology that has been
introduced in recent years. Because of the number of injuries that
have resulted from hoverboards, they should be used in the most
controlled way possible to prevent any unnecessary injuries. Scoot-
ers, both motor powered and manually operated, have been linked
to several forms of injures, as reported by the United States CPSC.
The report stated that 90% of scooter rider injuries involved chil-
dren aged 14 years or younger. Moreover, children younger than
8 years of age represented one third of all scooter-related injuries
[15]. The use of different recreation equipment such as roller skates,
skateboards, and scooters among the pediatric population was
investigated in relation to different injury patterns. It was shown
that the forearm was the most injured body part, of which 191
fractures (8.1%) in 187 patients resulted from skateboarding, 65
fractures (2.7%) in 64 patients were due to roller skating, and
69 fractures (2.9%) in 66 patients resulted from scooter riding
[16]. In comparison to non-powered scooters, powered scooters
were shown to be associated with worse injuries, and injuries
from these scooters were three times more prevalent than injuries
from non-powered scooters, with statistically significant increased
risks to the hip, lower extremity, shoulder, and upper extremities
among children between 2-12 years of age who were predomi-
nantly female [17]. Siracuse et al. reviewed all the injuries related
to scooters, skateboards, and powered transport devices such as
hoverboards over a period of 5 years. They found an increased per-
centage of fractures after the introduction of hoverboards to the
market, with a tendency toward upper limb injuries, specifically
the wrist and lower arm [18]. Donnally et al. reported a series of
hoverboard-related fractures in December 2015. Of all the patients
with fractures who presented to the ED, 36 cases (11.6%) were

related to hoverboards, with the majority of the cases involving
the distal forearm [19].

In this report, a specific mechanism of injury was reported as
the cause in most cases, and most of the involved patients were
between 6 and 12 years of age and were males; this indicates that
this group is at increased risk of associated injuries while operating
such equipment.

The Seymour fracture is a specific form of digital injury pattern
that involves transverse extra-articular Salter-Harris type I and Il
fractures of the distal phalanx distal to the insertion of the extensor
¢ndon with associated nail-bed injuries [5]. This pattern of injury
is considered an open fracture because the nail is avulsed and the
germinal matrix is torn[1]. Al-Qattan et al. reported that this type of
fracture has occurred both in adults as well as in children and ado-
lescents. In addition, it was shown that most of these fractures in
children have a juxta-epiphyseal nature that runs across the meta-
physis at 1-2 mm distal to the growth plate [7]. In our population,
five patients (38.5%) had a juxta-epiphyseal Seymour fracture, and
the remaining patients had a Salter-Harris fracture pattern.

Different mechanisms of injuries were reported in the literature
in which hyper-flexion of the distal phalanx by a heavy object hit-
ting the digit (crush injury) or entrapment of the digit in a closing
door lead to the injury. Clinically, the injured digit most often pre-
sented with a mallet-like deformity, with the middle finger being
the most commonly involved [20].

Here, we report a similar form of injury in a pediatric popu-
lation that results from the use of self-balanced battery-powered
scooters. The mechanism of injury of injury, however, is similar: the
child’s weight on the hoverboard propels the device forward, and
the fingers are trapped between the wheel parts. Hyper-flexion of
the digit is caused by entrapment between the wheel and the wheel
rim. The middle finger was the most involved digit, injured in 46.2%
of reported patients; this finding was similar to previously reported
fracture statistics [20].

Management of such fractures was reported to range from
splinting to surgical intervention. Meticulous fracture reduction,
repair of the nail bed, together with fixation of the distal phalanx in
slight hyperextension were shown to improve the overall outcome
[5,7].

Early detection and proper management are important for
avoiding complications [4]. Complications reported in various stud-
ies include nail growth disturbances, growth disturbance of the
bony distal phalanx, and a complete loss of distal interphalangeal
joint flexion owing to an associated flexor digitorum profundus
avulsion in zone 1, infection, necrosis of the fingertip, and mal-
union [21,22].

In this report, all our patients were treated promptly and pro-
vided with appropriate management following the standard of care
in our institute for such injuries: disimpaction and repair of the nail
bed, reduction of the fracture, and K-wire fixation across the distal
interphalangeal joint. All patients were discharged with a volar slab
and were prescribed an oral antibiotic for 1 week. The postopera-
tive follow-up period was uneventful, and all patients recovered
well with no significant deficits.

Our study is limited based on the fact that it was conducted in a
single institute with a small population size (n=13). Moreover, all
the cases reviewed were based on the ER physician’s early recog-
nition of this unique injury and proper referral to hand surgery for
further management.

5. Conclusion
With the introduction of new products such as self-balancing

battery-powered scooters, public education plays a role in the safe
use of these devices. In this article, we report a pattern seen in
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patients with a fracture that requires a tremendous load of energy
to cause and is due to the improper and unsafe use of hoverboards.
Despite recommendations to wear protective gear such as a hel-
met and knee and elbow pads, and to ride the scooter over smooth
surfaces away from traffic, a new injury pattern can happen, as
reported here. Although improper use was a factor in the injuries,
poor design of the hoverboard also plays a role in causing this injury.
Parents are advised to properly inspect the scooter design for any
sharp edges or levers that can cut or harm any body parts. Beside
proper education of safety practices, parents are advised to super-
vise children while riding this equipment given that the power and
speed of these machines make them much more than simple toys.
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