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Abstract: Background and Objectives: In recent years, electric scooters have gained widespread popularity as an
easy and affordable mode of transport in urban areas worldwide. Simultaneously, trauma centres have
observed an increasing number of associated injuries to users. While injury patterns associated with other
vehicles are now well-researched, electric scooter-related injuries are a new topic in the literature. Our study
aims to investigate the disparities in injury patterns and other critical accident characteristics among bicycle,
electric scooter, and scooter riders. Materials and Methods: In this one-year prospective observational study, we
examined patients who sustained injuries while riding bicycles, electric scooters, or scooters between April
2021 and March 2022 at Hungary's largest trauma centre in Budapest. During this one-year period, we
identified 1938 patients, 1378 cyclists, 370 electric scooters and 190 scooter users. We collected basic
demographic information, recorded injury type and severity, time of day the injury occurred, and alcohol
intoxication. Results: While 4.6% of cyclists and 5.8% of scooter riders had consumed alcohol, 26.8% of electric
scooter riders were intoxicated at the time of their accident. 45.8% of electric scooter-related injuries occurred
at night, compared to only 9.2% and 14.1% of bike and scooter-related injuries, respectively. Sober patients
were more likely to suffer mild and severe limb injuries (Odds Ratio (OR): 3.85, P = .0001 and OR: 3.26, P =
.0001), but less likely to experience mild and severe head injuries (OR: 0.1, P = .0001 and OR: 0.25, P = .0001)
than intoxicated patients. Cyclists had significantly fewer cases of severe head trauma than those injured while
using electric scooters (OR: 0.34, P = .0166). Conclusions: Severe craniofacial injuries are more common in
intoxicated patients and in patients injured using electric scooters.

Keywords: electric scooter; emergency care; trauma care; injury; scooter; bicycle; intoxication; traffic accident;
injury patterns; craniofacial injury

1. Introduction

The rapid urbanization of cities worldwide has brought advancements in transportation and
unprecedented challenges. Micro-mobility devices (public-sharing electric scooters (e-scooters) and
electric bikes) have become increasingly popular worldwide, offering a convenient and affordable
solution to this "first/last mile" problem while also reducing the carbon footprint of cities [1,2].
Following their initial widespread introduction in the United States (US) in 2017, e-scooters witnessed
a surge, with reports indicating over 38.5 million units in 2018 and a subsequent rise in European
adoption [3,4].

However, the benefits of e-scooters come with associated risks. Recent studies have highlighted
a significant increase in e-scooter-related injuries, with the potential for severe accidents due to
factors like high speeds (30-35 km/h) and intoxicated riding. Riders are subject to severe injuries such
as traumatic brain injuries and craniomaxillofacial and limb fractures. Several studies report the lack
of helmet usage, suggesting an association with more frequent and higher severity head traumas [5-
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12]. The high incidence of intoxicated riding, estimated between 4.8% and 50%, increases the
susceptibility of these vehicles to severe accidents [1,4,5,13,14], as alcohol consumption impairs
reaction time and balance [14].

Namiri et al. reported a 222% rise in e-scooter injuries and a 365% surge in related hospital
admissions in the US from 2014 to 2018 [15]. This growing trend, coupled with the severity of injuries,
has not only raised public health concerns but also spotlighted potential healthcare cost implications
[16]. In New Zealand, e-scooter injuries amounted to 1.3 million NZD over seven months, averaging
1300 NZD per available e-scooter [4].

In Hungary, e-scooters were introduced in 2019. However, the legislative framework has been
slow to adapt, resulting in challenges in categorizing e-scooters and obtaining accurate accident data.
Current regulations neither mandate helmet usage nor prohibit intoxicated operation, and due to the
absence of a distinct legal category for e-scooters, they're often treated similarly to bicycles. This
legislative ambiguity is not unique to Hungary; cities like Paris have acted decisively by choosing to
ban these vehicles from September 2023, highlighting the pressing need to address e-scooter safety
[5].

This study aims to analyze the injury patterns and accident characteristics of electric scooters (e-
scooters), scooters, and bicycles in a Hungarian level-1 trauma center over a year. We seek to
understand the unique and shared injury profiles among these modes of transport to inform safer
urban transportation policies and trauma care protocols in Hungary.

2. Materials and Methods

We conducted a prospective observational study on 1938 patients who presented to Hungary’s
largest trauma center between 1st April 2021 and 31st March 2022 with injuries from riding a bicycle,
e-scooter, or scooter. Patients were categorized based on their vehicle type: bicycle, standing electric
scooters, and non-motorized scooters. From medical documentation, we recorded age, sex, injury
date, presentation time, alcohol influence, hospitalization need, duration, and injury type and
severity. Presentation times were grouped as mornings (5 am-10 am), daytime (10 am-6 pm),
evenings (6 pm-10 pm), and night-time (10 pm-5 am), with intervals adjusted proportionally.

We categorized injuries based on affected regions: extremities, head and face, spine, and the core
(encompassing thoracic and abdominal areas). For diagnosis, physical examinations and basic X-ray
scans were employed for minor injuries, while CT scans were used for more severe cases. Injuries
were further classified as mild or severe. Mild injuries to limbs included contusions, abrasions, and
superficial wounds without deep tissue damage, while severe ones involved fractures or tears in
ligaments or muscles. Mild head injuries comprised superficial wounds and contusions in the
craniomaxillofacial region, whereas severe ones involved fractures or intracranial bleeds like
epidural, subdural, subarachnoid, and parenchymal hemorrhages. Mild core injuries were superficial
wounds and contusions, while severe ones included fractures, penetrating wounds, or organ damage.
Spinal injuries ranged from distortions and dislocations to fractures.

Statistical analysis involved fitting a logistic regression model for each trauma type and severity.
Predictors included vehicle type, intoxication, and presentation time, controlling for age and sex.
Multicollinearity, interactions, and age non-linearity were assessed, but no relevant ones were found.
Results were reported with Wald-type p-values, adjusted odds ratios (OR), and 95% confidence
intervals (CI). Categorical variables with multiple levels (more than 2) had Tukey-adjusted p-values
and marginal mean differences. All analyses utilized R (R Core Team 2023, v4.2.3).

3. Results

In the one-year period, we observed and treated 1,938 patients for injuries related to different
types of micro-mobility devices; 1378 patients visited our trauma centre on bicycles, 370 with e-
scooters, and 190 with non-motorized scooter-related injuries, 1938 altogether. The mean age of
injured cyclists was 37.9 years (SD (standard deviation): 14.9 years), older than e-scooter (mean: 31.3
years, SD: 10.1 years) or scooter (mean: 30.6 years, SD: 13.7 years) users. In the bicycle group, 30.8%
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were female, 69.2% were male; among e-scooter users, 33.8% were female, 66.2% were male, and in
the scooter group, 41.1% were female and 58.9% were male. (Table 1)

Table 1. Descriptive statistics of the study’s population

bike scooter e-scooter Overall
(N=1378) (N=190) (N=370) (N=1938)
Age (years)
Mean (SD) 38.5 (14.9) 31.2 (13.7) 31.9 (10.9) 36.5(14.4)
?éidg; 36.0 (27.7,47.8) fzgf& a7 29.2 (24.7,37.0) ?23671 58)
Min, Max 0, 88.7 3.40,72.8 8.50, 72.9 0, 88.7
Sex
female 424 (30.8%) 78 (41.1%) 125 (33.8%) 627 (32.4%)
male 954 (69.2%) 112 (58.9%) 245 (66.2%) 1311 (67.6%)
Daytime - corrected*
morning 114 (8.3%) 17 (9.1%) 25 (6.8%) 157 (8.1%)
daytime 596 (43.3%) 80 (41.9%) 79 (21.2%) 754 (38.9%)
evening 540 (39.2%) 67 (35.0%) 97 (26.3%) 704 (36.3%)
night 127 (9.2%) 27 (14.0%) 169 (45.6%) 322 (16.6%)
Intoxicated 63 (4.6%) 11 (5.8%) 99 (26.8%) 173 (8.9%)

*Corrected for unequal category intervals; rounded values are shown.

Regarding the timing of injuries, 8.3 % of bicycle injuries happened in the morning, 43.3 % in the
daytime, 39.2 % in the evening, and 9.2 % at night-time. These proportions for the e-scooter group
were 6.8 %, 21.3 %, 26.0 %, and 45.8 %, and for the scooter, group, were 9.2 %, 42.0 %, 34.6 %, and 14.1
%, respectively. (Figure 1)

Bicycle Electric scooter Scooter

morning ®daytime

W evening M night-time
Figure 1. Daytime distribution of accidents by vehicle type.

Before their accidents, 4.6% of cyclists consumed alcohol, 26.8% of e-scooter users, and 5.8% of
scooter users. (Figure 2) The hospitalization rate of the bicycle group was 10.3%, 14.6% for the e-
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scooter group, and 6.8% for the scooter group. The mean time spent in hospital was 2.30, 3.13 and
1.83 days, respectively.

Bicycle Electric scooter Scooter
mYes mNo

Figure 2. Alcohol consumption before the accident by vehicle type.

Regarding injury severity, 78.9% of cyclists suffered mild, and 25.3% had severe extremity
trauma. No significant difference was noted between e-scooter (70.8% mild, 25.4% severe) and scooter
groups (74.7% mild, 23.7% severe) (Figure 3). However, in the bicycle group, 29.9% suffered mild and
3.3% suffered severe facial or cranial injuries, while the rates were 50.8% and 9.2% in the e-scooter
group. A significant difference was observed in the occurrence of severe head trauma (OR: 0.34, CL:
0.16; 0.74, p = 0.0166). Nevertheless, 36.8% and 5.8% of the scooter group suffered these types of
injuries, with no significant difference from the other groups (Figure 3).

Injury patterns of cyclists and electric scooter users

Electric scooter injuries (ref:
bicycle) - OR and 95% CI

minor limb  OR: 0,76; Cl: 0,53; 1,10 +—@—H p=0,299

major limb ~ OR: 0,98; Cl: 0,68; 1,41 — p =0,993

minor head OR:1,32; Cl: 0,94; 1,85 H—e—i p =0,233

major head OR: 2,94; Cl: 1,35; 6,25 ; L2 ! p =0,0166
0,l50 1,00 5,60

Figure 3. The Odds Ratio of various injuries sustained by e-scooter users compared to cyclists.

Spinal injuries were present in 4.28% of cyclists, 1.9% of e-scooter users, and 1.1% of scooter
users. Mild and severe abdominal or thoracic trauma was reported in 13.4% and 2.1% of cyclists, 9.2%
and 1.9% of e-scooter users, and 6.8% and 0.5% of scooter users (Table 2).
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Table 2. Injury types by vehicle and alcohol intoxication.
bike scooter e-scooter
not intoxicated not intoxicated not intoxicated
intoxicated (N=63) intoxicated (N=11) intoxicated (N=99)
(N=1315) (N=179) (N=271)
Mild 1058 29 (46.0%) 137 (76.5%) 5 (45.5%) 214 (79.0%) 48 (48.5%)

limb (80.5%)

Severe 342 (26.0%) 6 (9.5%) 44 (24.6%) 1(9.1%) 81 (29.9%) 13 (13.1%)
limb
Mild 361 (27.5%) 51 (81.0%) 61 (34.1%) 9 (81.8%) 99 (36.5%) 89 (89.9%)
head

Severe 37 (2.8%) 8 (12.7%) 7 (3.9%) 4 (36.4%) 14 (5.2%) 20 (20.2%)
head

Spinal 57 (4.3%) 2 (3.2%) 2 (1.1%) 0 (0%) 5(2.6%) 0 (0%)
injury

Mild 180 (13.7%) 4 (6.3%) 12 (6.7%) 1(9.1%) 31 (11.4%) 3 (3.0%)
body

Severe 29 (2.2%) 0 (0%) 1 (0.6%) 0 (0%) 6 (2.2%) 1 (1.0%)
body

For mild limb injuries, 79.8% of sober and 44.7% of intoxicated patients suffered such injuries
(OR: 3.85, CI: 2.62; 5.65, p < 0.0001). For severe limb injury, these rates were 26.5% and 11.6%,
respectively (OR: 3.26, CI: 1.94; 5.47, p < 0.0001). Sober patients had a lower rate of mild head injury
(29.5%) compared with intoxicated patients (86.1%) (OR: 0.1, CI: 0.06; 0.15, p < 0.0001). These rates
were 3.3% and 18.5% for severe head injury, respectively (OR: 0.25, CI: 0.13; 0.47, p < 0.0001). Mild
body trauma was experienced by 12.6% of sober patients and 4.6% of drunk patients (OR: 3.2, CL:
1.42; 7.21, p = 0.0051). For other injuries, no significant effect of alcohol consumption was found.
(Figure 4)

Risk of injuries under the influance

Injuries in patients under the influance (ref:
sober) - OR and 95% ClI

minor limb  OR: 0,26; CI: 0,18; 0,38 —e— < 0,0001
major limb  OR: 0,31; Cl: 0,18; 0,52 —e—i <0,0001
minor head OR: 10,0; Cl: 6,67; 16,67 —e— < 0,0001
major head OR: 4,00; CI: 2,13; 7,69 —— < 0,0001

0,10 1,00 10,00
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Figure 4. The Odds Ratio of various injuries sustained by riders under the influence, compared to
sober riders.

4. Discussion

Based on our results and previous studies, it is evident that e-scooters have resulted in a rise in
the number of patients admitted to trauma care centres globally, suffering from distinctive injury
patterns, especially head injuries [17]. In Hungary, we observed a similar trend. This may be partly
explained by the fact that, in many places, these devices are used in an intoxicated state due to
regulatory deficiencies [1,4,13,14,18,19]. The heightened interest of clinicians in this topic s illustrated
by many publications regarding e-rollers in the last few years [17]. While previous studies have
mainly focused on injury patterns associated with electric scooters, it is worth noting that there has
been no comparative research on injuries sustained while riding bicycles, scooters, and electric
scooters within the same one-year period. This study aimed to comprehensively characterize and
compare this novel patient group with better-understood bicycle users, enhancing patient care and
laying the groundwork for an evidence-based regulatory framework.

In the literature, the mean age of patients with electric scooter-related injuries ranged from 32 to
36 years [3,5,13]. In our study group, the mean age of patients with e-scooter-related injuries was
consistent with this trend at 31.3 years. These people were younger than the patients injured riding a
bicycle. As in most of the literature, the patients in all three modes of transport groups were
predominantly male [1,4,5,13,14,16,18]. Interestingly, some mention mostly female e-scooter users
[20,21]. Comparatively, the scooter group had the most female patients.

Rates of alcohol intoxication in e-scooter injuries show a wide range, varying from 4% to 50%
[1,4,13,14,18,19]. Our study found that self-reported alcohol usage amongst e-scooter users was
26.8%, significantly more than in the bicycle and scooter groups.

According to our data, alcohol intoxication was a significant predictor of serious and non-serious
head injuries in all three vehicle groups. This has previously been shown for electric scooters in a
publication with fewer cases [14]; we came to a similar conclusion for larger sample sizes in all three
groups of vehicles. Shiffler et al. showed that the neuromuscular protective reflex is essential in
defending ourselves against head trauma [14]. Suppose we sense instability or a sensation of fall. In
that case, these reflexes cause our arms to be stretched out to protect our head, chest, and abdomen,
reducing the severity of injuries and lessening the impact forces. The reflexes became delayed or
suppressed in an intoxicated state, with a prolonged reaction time and worsened divided attention,
auditory and visual recognition. The standing position of e-scooter users can also explain the high
frequency of head injuries among intoxicated riders, as landing on the craniomaxillofacial area is
more likely due to posteroanterior movement. In another work, they also found that e-roller riders
with craniomaxillofacial (CMF) trauma were 10 times more likely to be intoxicated than e-roller users
without CMF trauma [14].

In our study of 1938 cases, we not only found that e-scooter users were nearly 3 times more likely
to suffer severe injury to the head than cyclists, but we also found that patients, regardless of vehicle,
were nearly 10 times more likely to suffer mild, and 4 times more likely to suffer severe trauma to the
head under the influence of alcohol than users not under the influence of alcohol. We also noted that
the patients who didn’t consume alcohol sustained mild injury to the extremities nearly 4 times more
frequently and severe limb and mild body injuries over 3 times more often - this may be due to using
their hands to protect themselves, especially their head and core area.

Several studies found the number of injuries with electric scooters was higher at night [1,4,20].
The same result was found by Blomberg et al., with the addition that scooters were more prevalent
during the day [21]. Based on our data, comparing the 3 means of transportation, we found that most
electric scooter users were injured at night, whereas patients using bicycles or regular scooters were
most likely injured during the day. We did not find a relevant difference between bicycles and
scooters. This difference between these three types of transportation could result from people using
bikes and non-motorized scooters predominantly during the daytime for going to work and sporting
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purposes. In contrast, e-scooters with much higher intoxication rates are primarily used at night,
suggesting a recreational purpose and an easy, cheap way of transport during the nightlife.

According to our research findings, it is evident that alcohol impairment poses a substantial risk
of head injuries. Therefore, considering the significantly higher incidence of severe head injuries
observed in e-scooter users, with the higher incidence of alcohol consumption in this group, routine
cranial computed tomography (CT) scans for intoxicated patients, particularly those receiving trauma
care following an e-scooter accident, are worth considering. Our data, which includes an
exceptionally high rate of intoxication among e-scooter users and predominantly night-time injuries,
suggests that this mode of transportation is primarily used for recreational purposes and as easy
transportation during nightlife. This fact, combined with the large number of e-scooter-related
serious injuries, raises the need for a review of legal regulations, stricter monitoring of alcohol use,
and more stringent measures in enforcing protective gear.

Our study is subject to certain limitations: we have only data on those injured and who attended
our hospital; we do not have data on those who did not seek medical attention. Furthermore, the
number of people who were not involved in an accident while using these modes of transport is
unknown, nor are the distances travelled by these vehicles. As a result, it is impossible to deduce
from patient volumes which mode of transport presents a greater risk. We are only able to inspect
injury patterns and circumstances. Recording the use of helmets and other protective equipment
would have been valuable, but it was impossible due to documentation inconsistencies. Self-report
was applied to document alcohol consumption in most cases, possibly distorting the data. As the
proportion of drunk drivers was still high, we do not attribute a significant effect to this.

5. Conclusions

Our findings indicate that intoxicated patients and patients injured using electric scooters are
more prone to severe craniofacial injuries than non-intoxicated riders, cyclists, and scooter users. To
prevent such severe injuries, it is necessary to revise the legal framework by making helmets
compulsory and implementing stricter regulations and controls for intoxicated e-scooter use. This is
particularly important considering the prevalent use of e-scooters for recreation and nighttime
transportation.
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