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Abstract
Background/Aim: With the recent increased share of stand-up electric scooters (e-
scooters), it is common to see people riding e-scooters on the roads in Korea. The aim 
of this study was to investigate traumatic injuries to the craniofacial region related to 
e-scooter accidents and to determine the role of dentists (especially oral and maxil-
lofacial surgeons) in the evaluation of patients with trauma at the emergency depart-
ment due to an e-scooter accident.
Materials and Methods: This retrospective study investigated the medical records of 
patients who visited the Gangnam Severance Hospital Emergency Care Center for 
trauma related to e-scooter use from January 1, 2017 to March 31, 2020. Medical 
records were reviewed to determine the injuries sustained to the craniofacial region 
related to e-scooter use, including location of the injury (eg, cranium, craniofacial 
bone, teeth, soft tissue) and the type of trauma (eg, fracture, laceration, abrasion, 
contusion, concussion).
Result: A total of 256 patients' medical records were evaluated. Among them, 125 
patients (48.8% of all patients) had sustained craniofacial trauma. Laceration (n = 56, 
44.8%) was the most common type of craniofacial injury, followed by cerebral con-
cussion (n = 49, 39.2%), dental injury (n = 27, 21.6%), and craniofacial bone fracture 
(n = 16, 12.8%).
Conclusion: Dentists should always consider the possibility of brain trauma and per-
form a complete craniofacial and oral examination when assessing patients after e-
scooter accidents as outlined by the International Association of Dental Traumatology 
guidelines. Additionally, it is necessary to educate e-scooter riders about the impor-
tance of wearing protective devices, such as helmets, to reduce the risk of injuries to 
the craniofacial region.
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1  | INTRODUC TION

Stand-up electric scooter (e-scooter) sharing has been gaining pop-
ularity worldwide. In Korea, e-scooter sharing services were first 
introduced in Gangnam-gu (one of the districts in Seoul), Seoul in 
September 2018, from where its use has continued to spread across 
the country.1 Due to the easy accessibility of sharing, stand-up 
e-scooters are the preferred vehicle for short-distance trips.

Since their introduction in 2018, there are now over 11 e-scooter 
sharing companies owning a joint total of 17 000 shared e-scoot-
ers in Korea. According to data provided by the Shared Personal 
Mobility Alliance, the total number of trips taken on e-scooters 
owned by eight of the major e-scooter sharing companies in Korea 
from July 1, 2019 to December 15, 2019 was over three million.2 
Therefore, this recent trend denotes the emergence of a new means 
of transportation, similar to bicycles.

With the widespread use of mass-shared stand-up e-scoot-
ers, the number of accidents associated with them has increased. 
Farhoud et al reported that out of 206 patients with e-scooter re-
lated injuries, 188 patients (92.6%) sustained craniofacial injuries, 
and 25 patients (12.3%) sustained dental injuries.3 According to a 
press release from one of the major insurance companies in Korea, 
Samsung Fire,4 there were 488 accident reports associated with 
stand-up e-scooters filed with their company. Most of the accidents 
(26%) occurred in Seoul, a city with a large floating population (a 
group of people passing through a certain place not for the purpose 
of residence, but for work or travel), with Gangnam-gu accounting 
for the highest number of accidents (14.2%) in Seoul. Notably, 87.4% 
of the e-scooter drivers who filed accident reports with this insur-
ance company did not wear helmets, which suggests that they might 
have experienced craniofacial trauma.

The aim of this study was to analyze e-scooter-related craniofa-
cial trauma and to determine the role of dentists (especially oral and 
maxillofacial surgeons) when evaluating patients with trauma due to 
an e-scooter accident.

2  | MATERIAL S AND METHODS

This study complied with the tenets of the Declaration of Helsinki 
and was approved by the institutional review board of the Gangnam 
Severance Hospital (approval No. #3-2020-0030). Due to the ret-
rospective nature of this study, the need for informed consent was 
waived.

This was a retrospective study of the patients who had vis-
ited the Gangnam Severance Hospital Emergency Care Center for 
e-scooter-related trauma from January 1, 2017 to March 31, 2020. 
Statistics were calculated from the medical records of patients with 
e-scooter-related trauma at the hospital.

Included were 256 patients (165 male, 91 female), identified by 
using stand-up e-scooter-related keywords. Those selected were pa-
tients whose chief complaints in their emergency department med-
ical record included the words “electric kickboard” or “electric quick 

board.” Patients were excluded if e-scooter-related trauma could not 
be confirmed and if the injury etiology was not directly associated 
with e-scooter use (eg, pedestrian hit by an e-scooter).

The medical records were reviewed to classify the e-scoot-
er-related craniofacial trauma based on the location (eg, cranium, 
craniofacial bone, tooth, and soft tissue) and the type of trauma 
(eg, fracture, laceration, abrasion, contusion, concussion). Injuries 
of the brain and adjacent vessels were classified as cranial injuries. 
Craniofacial bone injuries were sub-classified into temporal bone, 
orbital wall bone, nasal bone, zygomatico-maxillary complex (ZMC), 
maxillary, and mandibular injuries. Dental injuries were classified 
according to the Andreasen classification and the FDI system,  as 
follows: crown fracture, crown-root fracture, concussion, luxation, 
subluxation, and avulsion.5 Injuries of the skin, muscles, or oral mu-
cosa were classified as soft-tissue injuries. In addition, the records 
were assessed for whether the patients underwent surgery or not. 
In cases of surgery, the type of operation was determined (eg, closed 
reduction or open reduction and internal fixation).

Descriptive statistics were calculated for all normally distributed 
variables, including the proportions and percentages of e-scoot-
er-related craniofacial trauma.

3  | RESULTS

Among the 256 patients (165 male, 91 female), 125 patients (48.8%) 
had craniofacial injuries. The age of these 125 patients ranged from 
6 to 63 years (mean age 31.4 years). Men accounted for 60.8% of the 
patients, and patients in their twenties (age 20-29) accounted for the 
largest percentage of 40.8% (Table 1).

The number of patients with craniofacial trauma consistently in-
creased: 12 in 2017, 16 in 2018, 61 in 2019, and 36 in the first quar-
ter of 2020. The increase was particularly rapid in September 2018, 
when stand-up e-scooter sharing services were first introduced in 
Korea (Figure 1).

Laceration was the most frequent type of trauma (56 patients, 
44.8%). Craniofacial bone fractures were observed in 16 patients 
(6.4%), six of whom underwent operations (Table 2). Nasal bone 

TA B L E  1   Age and gender of patients with craniofacial trauma 
associated with e-scooter usage

Age (y) Male (n) Female (n)
Total 
(n)

<10 0 1 1

10-19 11 2 13

20-29 26 25 51

30-39 16 13 29

40-49 17 5 22

50-59 5 3 8

≥60 1 0 1

Total 76 49 125
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fractures occurred in eight cases, making it the most frequent cra-
niofacial bone fracture. Mandibular fractures were noted in five 
patients, of whom two had to be operated on. Four patients had 
sustained ZMC fractures, and three of those were treated surgically 
(Table 3).

In addition, 27 patients (total 82 teeth) had sustained dental 
injuries. Among them, tooth concussion was diagnosed in 17 pa-
tients (63.0%), making it the most frequent type of dental injury. 
Of the 27 patients, 15 (55.6%) were diagnosed with severe den-
tal injuries, including complicated crown fracture, complicated 
crown-root fracture, tooth avulsion, and alveolar bone fracture. 
Based on the FDI tooth numbering system, maxillary anterior 
teeth were more prone to dental injuries than mandibular anterior 
teeth (Table 4).

4  | DISCUSSION

With the development of compact technology, personal vehicles 
are becoming increasingly diversified and popular. The stand-up 
e-scooter sharing system has spread rapidly across cities and has 
now become a popular transportation method, similar to bicycles, in 
Korea. However, the number of accidents associated with stand-up 
e-scooters usage has increased dramatically following the introduc-
tion of e-scooter sharing services in 2018. Samsung Fire, a major 
insurance company in Korea, reported that the number of accident 

F I G U R E  1   Number of patients with 
craniofacial trauma associated with 
e-scooter usage by year. The number 
of patients has increased every year, 
particularly since 2018 Q4. *Q1, January 
to March; Q2, April to June; Q3, July to 
September; Q4, October to December

Type of injury Male (n) Female (n) Total (n) Treatment procedure (n, %)

Cerebral concussion 27 22 49 Observation (49, 100.0%)

Intracranial 
hemorrhage

3 1 4 Observation (4, 100.0%)

Craniofacial bone 
fracture

10 6 16 OR & IF (4, 25.0%) CR (4, 25.0%) 
Conservative care (8, 50.0%)

Dental injury 19 8 27 Tooth repositioning & splinting 
(6, 22.2%) Glass ionomer 
application (7, 25.9%)

Laceration 37 19 56 Suture (53, 94.6%) Observation 
(3, 5.4%)

Abrasion 11 6 17 Conservative care (17, 100.0%)

Contusion 2 1 3 Conservative care (3, 100.0%)

Abbreviations: CR, closed reduction; OR & IF, open reduction and internal fixation.

TA B L E  2   Types of injuries and 
treatment procedures in patients with 
craniofacial trauma related to e-scooter 
usage

TA B L E  3   Sub-classification of craniofacial bone fractures 
associated with e-scooter usage

Craniofacial 
bone fracture

Male 
(n)

Female 
(n)

Total 
(n)

OP 
casea 

OP 
procedure

Temporal bone 1 0 1 0

Nasal bone 4 4 8 3 CR

Orbital wall 4 0 4 0

ZMC 3 1 4 3 OR & IFb 

Maxilla 4 1 5 0

Mandible 4 1 5 2 OR & IFb 

Abbreviations: CR, closed reduction; OP, operation; OR & IF, open 
reduction & internal fixation; ZMC, zygomatico-maxillary complex.
aPerformed under general anesthesia. 
bOne patient underwent both ZMC and mandible fracture surgery. 
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reports related to e-scooters filed with this company increased five 
times in 2018 compared to 2016.4

According to this study, 48.8% of patients (125 out of 256) suf-
fered traumatic injuries to the craniofacial region, similar to the find-
ings of Trivedi et al in 2019 (58% of total e-scooter trauma patients).6 
Laceration was the most common type of trauma, followed by ce-
rebral concussion and dental injury. Regarding craniofacial (cranial 
or maxillofacial) bone fracture type, nasal bone fracture was the 
most common, followed by maxillary and mandibular fractures. In 
contrast to the current results, Yarmohammadi et al7 reported that 
in patients with stand-up e-scooter-related injuries, orbital fractures 
were the most common, followed by nasal and maxillary bone frac-
tures. Another study on bicycle-related craniofacial injuries con-
ducted by Din-Lovinescu et al showed results similar to this study, 
reporting nasal bone fractures as the most common fracture type 
(26% of their cases), followed by mandibular fractures (13%).8 As 
demonstrated, fractures can occur in various parts of the craniofa-
cial region. Therefore, it is necessary for dentists to perform an over-
all examination of the craniofacial region when evaluating patients 
with e-scooter related trauma.

In this study, nearly 40% of the patients were diagnosed with ce-
rebral concussion. In the previously mentioned study, Din-Lovinescu 
et al8 reported that cerebral concussion was the most common 
type of bicycle-related craniofacial trauma. Therefore, facial trauma 
surgeons should take into account the possibility of a concurrent 
traumatic brain injury. Similarly, dentists (especially oral and max-
illofacial surgeons) should always consider the possibility of brain 
trauma (eg, cerebral concussion or intracranial hemorrhage in severe 
cases) when treating patients with craniofacial trauma, even if they 
are unable to play a direct role in its treatment. If the patient has 
symptoms such as dizziness, headache, tinnitus, loss of vision, and 
photophobia, additional imaging examinations may be required (eg, 
brain computed tomography or magnetic resonance imaging), or the 
patient may need to be referred to a specialized medical department 
for further treatment.

In this study, 27 patients (21.6% of 125 patients, total 82 teeth) 
sustained dental injuries. In cases of tooth avulsion, emergency den-
tal treatment such as tooth replantation should ideally be performed 
within an hour to save the injured tooth.9 According to Lin et al,10 
also in cases of tooth luxation which need tooth repositioning and 
splinting, appropriate emergency dental treatment improves the 
long term survival of the injured teeth. Therefore, it is recommended 
that emergency dental treatment be provided as soon as possible if 
trauma patients have also sustained dental injuries.

Based on this study, it can be suggested that up until the first 
quarter of 2020, the incidence of e-scooter-related craniofacial 
trauma has been continually increasing. One of the reasons might 
be the lack of established regulations (eg, mandatory helmet wear-
ing or prohibition of operating on sidewalks). According to Trivedi 
et al, only 4.8% of injured stand-up e-scooter riders wear a hel-
met.11 Stand-up e-scooters have small wheels and high centers of 
gravity which lead to a high probability of the rider falling off their 
scooter upon sudden stopping or bumping into an object.4 These 
points could lead to a high possibility of severe craniofacial trauma 
such as fractures or traumatic brain injury. Several previous stud-
ies have demonstrated that the use of helmets reduces the degree 
of craniofacial damage.12,13 Therefore, governments should imple-
ment regulations related to helmet wearing, whereas e-scooter 
sharing companies should encourage the use of the same protec-
tive devices. According to the current results, potential fractures 
are not just limited to a specific area. Instead, they can occur in any 
part of the craniofacial region. Therefore, the wearing of helmets 
that cover the entire facial area, and not just the cranial region, is 
recommended.

The Gangnam area of Seoul is one of the largest commercial cen-
ters in Korea, so the Gangnam Severance Hospital has certain ad-
vantages due to its location. Based on the large floating population 
and large number of e-scooter users in the vicinity of this hospital, 
it could be suggested that this hospital has an advantage in analyz-
ing patient demographics and clinical characteristics of traumatic 

Dental injury Patients (n)a  Total tooth (n)
Tooth numbering by FDI 
system (number of teeth)

Concussion 17 27 #11(8), #12(7), #21(6), #22(5), 
#42(1)

Subluxation 5 14 #11(5), #12(3), #21(3), #22(3)

Luxation 3 5 #21(2), #11(1), #22(1), #23(1)

Enamel fracture 7 8 #11(2), #12(2), #21(1), #22(1), 
#15(1), #16(1)

Enamel-dentin fracture 6 7 #11(3), #12(1), #24(1), #36(1), 
#42(1)

Complicated crown fracture 9 10 #11(5), #21(5)

Complicated crown-root 
fracture

2 2 #11(1), #33(1)

Avulsion 6 9 #21(4), #32(2), #31(1), #32(1), 
#41(1)

aMost patients sustained dental injuries on multiple teeth simultaneously. 

TA B L E  4   Classification by dental 
injury type of trauma patients related to 
e-scooter
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injuries associated with stand-up e-scooters, especially craniofacial 
trauma. However, there is a risk of sampling bias within this study 
as it only involved patients admitted to the emergency department 
and it excluded those who were treated for minor injuries at local 
hospitals.

Due to the retrospective nature of this study and its dependence 
on medical records, there were limitations in evaluating the role of 
alcohol consumption and helmet usage, and in analyzing the detailed 
collision process. Additionally, this study only involved stand-up 
e-scooter riders and excluded pedestrians hit by these machines, 
which reduced the number of e-scooter-related cases. Finally, new 
insights regarding craniofacial trauma can be provided by investigat-
ing the e-scooter riders (eg, e-scooter sharing riders, private riders, 
commuters, or recreational riders). Therefore, further studies are 
needed.

In conclusion, it is essential that dentists should perform an 
overall craniofacial and oral examination, considering the possi-
bility of brain trauma or the need for emergency dental treatment 
when treating patients following e-scooter accidents, in line with 
the International Association of Dental Traumatology guidelines.14 
In addition, it is necessary to educate e-scooter riders about the im-
portance of wearing protective devices such as helmets to reduce 
the risk of injuries to the craniofacial region.
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