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 � TRAUMA

The impact of e- scooter injuries
A SYSTEMATIC REVIEW OF 34 STUDIES

Aims
Due to the recent rapid expansion of scooter sharing companies, there has been a dramatic 
increase in the number of electric scooter (e- scooter) injuries. Our purpose was to conduct 
a systematic review to characterize the demographic characteristics, most common injuries, 
and management of patients injured from electric scooters.

Methods
We searched PubMed, EMBASE, Scopus, and Web of Science databases using variations of the 
term “electric scooter”. We excluded studies conducted prior to 2015, studies with a population of 
less than 50, case reports, and studies not focused on electric scooters. Data were analyzed using 
t- tests and p- values < 0.05 were considered significant.

Results
We studied 5,705 patients from 34 studies. The mean age was 33.3 years (SD 3.5), and 58.3% 
(n = 3,325) were male. The leading mechanism of injury was falling (n = 3,595, 74.4%). Injured 
patients were more likely to not wear a helmet (n = 2,114; 68.1%; p < 0.001). The most common 
type of injury incurred was bony injuries (n = 2,761, 39.2%), of which upper limb fractures dom-
inated (n = 1,236, 44.8%). Head and neck injuries composed 22.2% (n = 1,565) of the reported 
injuries, including traumatic brain injuries (n = 455; 2.5%), lacerations/abrasions/contusions (n = 
500; 7.1%), intracerebral brain haemorrhages (n = 131; 1.9%), and concussions (n = 255; 3.2%). 
Standard radiographs comprised most images (n = 2,153; 57.7%). Most patients were treated and 
released without admission (n = 2,895; 54.5%), and 17.2% (n = 911) of injured patients required 
surgery. Qualitative analyses of the cost of injury revealed that any intoxication was associated 
with higher billing costs.

Conclusion
The leading injuries from e- scooters are upper limb fractures. Falling was the leading mechanism 
of injury, and most patients did not wear a helmet. Future research should focus on injury charac-
terization, treatment, and cost.

Cite this article: Bone Jt Open 2022;3-9:674–683.
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Introduction
Electric scooters (e- scooters) have heavily 
increased in popularity over the past decade 
due to being an efficient, novel, environmen-
tally conscious, and economically friendly 
mode of transportation.1 Originally common 
in Europe and Asia, e- scooters recently 
became more plentiful in USA cities.1,2 
E- scooters can reduce vehicle traffic,3 which 
in turn can reduce total emissions from 
combustion engines.1 While e- scooters have 
proven to be a convenient and cost- effective 

solution to transportation gaps found in 
many cities, they have also introduced a 
novel public safety concern that clinicians 
and city officials must address.

Although e- scooter companies have 
released recommendations that scooter 
riders wear helmets and ride only on road-
ways rather than sidewalks, these recom-
mendations are often not followed.4 This 
may account for significant trauma incurred 
by riders, particularly head and bony inju-
ries.5,6 Additionally, dockless e- scooters are 
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often parked in public areas and on sidewalks, creating 
pedestrian hazards.4 Although the number of injuries 
attributed to motorized scooters continues to be a public 
health concern, adequate legislative changes have not 

yet been introduced in the USA to address the dangers of 
e- scooter use including falls, collision injuries, and motor 
vehicle accidents.1

As e- scooter use continues to increase, it is important 
to better understand the medical and economic impli-
cations of injuries sustained from these devices. While 
it is known that there has been an increase in injuries 
secondary to e- scooter use, less is known about the most 
common circumstances leading to injury, injury patterns, 
and the injuries’ cost to society. Although there have 
been several studies on this topic, they have predom-
inately focused on one or two hospitals in a particular 
city.5–10 Therefore, there is a need to consolidate those 
studies and their data to draw conclusions about the 
broader effects of e- scooter injuries. The primary goal 
of this study is to conduct a systematic review to assess 
user demographic characteristics, overall injury locations 
and types, and orthopaedic fracture locations associated 
with e- scooters, with secondary goals of analyzing the 
management of these injuries and their cost to society. 
By providing a comprehensive overview of the literature, 
we hope to provide insight that can inform future legisla-
tion to improve e- scooter safety. Additionally, we hope to 
identify gaps in the current study and data collection of 
e- scooters to help guide future research.

Methods
Literature search and study selection. Following PRISMA 
guidelines, we searched PubMed, Embase, Scopus, and 
Web of Science databases using variations of the terms 
“motorized scooter”, “electric scooter”, “e- scooter”, 
“electric kick scooter”, and/or the popular scooter 
brands: Lime, Uber, Bird, Spin, Lyft, Scoot, Voi, Wind, 
Razor, Gotrax, Xiaomi, Segway, Apollo, Kaabo, Emove, 
Dualtron, Inokin, and Rion. To narrow the search to meet 
the objectives of the study, we added the terms “frac-
tures”, “bones”, “trauma”, “wounds”, and “injuries”. A 
total of 390 references were found using these search 
criteria, out of which 208 were duplicates, leaving 182 

Table I. Participant and injury characteristics.

Study characteristics Total p- value*

Mean age, yrs (SD) (n = 22) 33.3 (3.5)

Sex, n (%) (n = 34) 5,702

Male 3,325 (58.3) < 0.001

Female 2,377 (41.7)

Race, n (%) (n = 10)
White 477 (48.5)

Black 16 (1.6)

Asian 113 (11.5)

Hispanic 117 (11.9)

Native Hawaiian or Pacific Islander 9 (0.9)

European 250 (25.4)

Māori 38 (3.9)

Middle Eastern 5 (0.5)

Other 76 (7.7)

Alcohol, n (%) (n = 24) < 0.001

Alcohol use 815 (25.1)

No use 2,310 (71.0)

Unknown 128 (3.9)

Utox, n (%) (n = 8) < 0.001

Positive 236 (20.3)

Negative 929 (79.7)

Helmet, n (%) (n = 23) < 0.001

Yes 151 (4.9)

No 2,114 (68.1)

Unknown 839 (27.0)

< 18 yrs, n (%) (n = 15) 139/2,468 (5.6)

First time rider, n (%) 178/604 (29.4)

Presentation, n (%) (n = 12) < 0.001

Ambulance 849 (39.3)

Walk in 1,312 (60.7)

Day of week, n (%) (n = 7) < 0.001

Weekday 464 (54.6)

Weekend 386 (45.4)

Time of day, n (%) (n = 14) < 0.001

Night 1,094 (42.1)

Day 1,509 (57.9)

Mechanism of injury, n (%) (n = 20)

Fall 2,419 (74.4)

Struck object 269 (8.3)

Vehicle 332 (10.2)

Pedestrian 100 (3.1)

Malfunction 13 (0.4)

Other 119 (3.7)

Location, n (%) (n = 5)
Street 361 (48.5)

Sidewalk 195 (26.2)

Other 41 (5.5)

Unknown 148 (19.9)

*Chi- squared test.
SD, standard deviation; utox, urine toxicology test.

Table II. Types of injuries.

Type of injury n (%) Studies, n

Total 7,052

Bone 2,761 (39.2) 30

Soft- tissue injury 2,010 (28.5) 21

Lacerations/abrasions/contusions 1,347 (19.1) 20

Sprain/strain/dislocation 357 (5.1) 15

Internal organ 24 (0.3) 9

Dental 95 (1.3) 10

Head and neck 1,565 (22.2) 17

Lacerations/abrasion/contusions 500 (7.1) 15

TBI 455 (2.5) 9

ICH 131 (1.9) 23

Concussion 255 (3.2) 17

ICH, intracranial haemorrhage; TBI, traumatic brain injury.
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to be reviewed (Supplementary Figure a). Two research-
ers independently screened the trials to ensure compat-
ible screening criteria on COVIDENCE (Veritas Health 
Innovation, Australia).

Exclusion criteria included: studies conducted before 
2015; case reports, presentations, or posters only; studies 
with a population of less than 50; and studies focusing 
on non e- scooter devices (e.g. personal mobility scooters, 

sitting scooters, ATVs, motorcycles, motorized bicycles). 
A total of 67 studies were initially excluded, and an addi-
tional 32 were excluded based upon full text review, 
leaving a total of 34 studies ultimately included.
Data extraction. Demographic data, injury location and 
type, and treatment and cost data were extracted from in-
cluded articles by two independent reviewers (PS, MJ). If 
discordant data were extracted, both reviewers reviewed 

Fig. 1

Injury location.
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the study together to reach a consensus. Studies with 
good or fair quality of data, graded using the Newcastle 
Ottawa scale quality assessment form for cohort studies, 
were included in this analysis.11

Statistical analysis. Pooled analyses were conducted 
to determine demographics and injury characteristics. 
Continuous variables were analyzed using t- tests with 

Welch’s correction, not assuming equal standard devia-
tions (SDs) between the comparison groups. Categorical 
variables were analyzed using chi- squared tests. The p- 
value for statistical significance was set to 0.05.

To address possible causes of heterogeneity of 
the results, subgroup analyses were also performed, 
comparing USA- based studies with those conducted 

Fig. 2

Fracture location.
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abroad. These were performed when each subgroup 
had data from five or more studies. The mean percent-
ages for different variables were compared using 
independent- samples t- tests with Welch’s correction 
between subgroups and paired t- tests within subgroups. 
Analyses were conducted using GraphPad Prism v. 8.4.3 
(GraphPad Software, USA).

Results
Study characteristics. Data on a total of 5,702 partic-
ipants were collected from 34 studies.5–9,12–40 The mean 
study duration was 390  days (95% confidence interval 
(CI) 282.9 to 496.7). On average, a person was injured 
every 3.08 days (95% CI 2.19 to 3.97). The majority of 
studies (n = 18; 53%) were conducted in the USA, fol-
lowed by Europe (n = 9; 24%), and New Zealand/
Australia (n = 5; 15%). More than half of studies (n = 18; 
53%) reported data from one hospital, and 44% (n = 15) 
collected data from multiple hospitals. Six (17.6%) were 
prospective cohort studies and the rest were retrospec-
tive (Supplementary Table i).
Participants. The most common characteristics of those 
injured were white race (48.5%; n = 447), male sex 
(58.3%; n = 3,325), and mean age of 33.3 years (SD 3.5) 
(Table  I). Nearly 25% of people injured were under the 
influence of alcohol (n = 815), and 20.0% (n = 236) were 
under the influence of other drugs (marijuana, cocaine, 
heroin, benzodiazepines). Overall, 68% of people injured 
were not wearing helmets (n = 2,114), and 5.6% were 
under the age of 18 (n = 139), the legal age to use e- 
scooters for most e- scooter companies. Nearly 30% of 
people were injured on their first time riding an e- scooter 
(n = 178).

Regarding presentation to the emergency department 
(ED), the majority of patients self- presented (60.7%, n 
= 1,312), whereas 39.3% presented via ambulance (n 
= 849). There was a significant difference between the 
proportion of riders injured during the week versus the 
weekend (p = < 0.001, chi- squared test) and those injured 
during the day versus at night, as defined between 6 
pm and 6 am (p = < 0.001, chi- squared test). The most 

common mechanism of injury was falling (74.4%), 
followed by collision with a vehicle (10.2%) or another 
inanimate object (8.3%). Nearly one- third of people were 
injured on the street (48.5%), and 26.2% were injured on 
the sidewalk.
Injury characteristics. A total of 5,702 injuries were re-
ported from the 34 included studies. The most com-
mon injury types were orthopaedic in nature (n = 2,761; 
39,2%) (Table  II). Soft- tissue injuries comprised 28.5% 
(n = 2,010) of total injuries and were further subcatego-
rized into lacerations, abrasions, and contusions (19.1%, 
n = 1,347) or sprains, strains, and dislocations (5.1%; n = 
357). Internal organ injuries were rare (0.3%; n = 24) and 
only reported in nine of the 34 studies. Dental injuries 
were slightly more common, comprising 1.3% of total 
injuries (n = 95). Overall, 17 studies reported head and 
neck injuries, the most frequent being lacerations, abra-
sions, and contusions (7.1%; n = 500), followed by con-
cussions comprising 3.2% of injuries (n = 255). Traumatic 
brain injuries were reported in 2.5% of cases (n = 455), 
with 1.9% being some form of intracranial haemorrhage 
(n = 131). There was only one reported death.

Of the total 7,502 injuries reported, 4,228 (56.4%) 
specified anatomical location. The most frequent loca-
tion was the upper limb (n = 1,418; 33.5%), followed 
by head/neck (n = 1,157; 27.4%), lower limb (n = 787; 
18.6%), and face (n = 598; 14.1%) (Figure 1).
Fracture characteristics. Upper limb fractures were most 
commonly sustained (n = 1,236; 44%), consisting of 
ulnar and radial fractures (n = 546; 19.8%) (Figure  2). 
Approximately one- quarter of fractures involved the low-
er limb, specifically the tibia and fibula (n = 208; 7.5%). 
Fractures involving the chest and pelvis occurred in 2.7% 
(n = 74) and 0.8% (n = 23) of cases, respectively. Five 
studies subcategorized facial fractures (12.6%).5,7,8,27,39 
The most documented of these were maxillary (27.6%; 
n = 96), orbit (17.8%; n = 62), nasal (15.2%; n = 53), and 
mandibular (11.8%; n = 41) fractures (Supplementary 
Table ii).
Imaging and treatment. Of the total of 3,734 imaging 
studies performed, 57.7% (n = 2,153) were standard radi-
ographs, 34.3% (n = 1,281) were CT scans, 0.9% (n = 33) 
were MRI studies, and 7.2% (n = 267) were ultrasounds or 
unspecified methods. Most patients were treated in the 
ED and released (54.5%), although 22.2% were admit-
ted to an inpatient service (Table III). Over 900 patients 
(17.2%) required some form of surgery during their initial 
ED visit.
Cost analysis. Four of the included studies performed a 
cost analysis of e- scooter injuries;7,12,15,23 two were con-
ducted in the USA and two in New Zealand.7,12,15,23 The 
two New Zealand studies were excluded from the qual-
itative analysis due to the differences in medical billing 
systems. Of the two studies based in the USA, Bloom et 
al12 included all patients that incurred e- scooter injuries 

Table III. Treatment disposition.

Disposition n (%) Studies, n

Total 5,308

Treated and released 2,895 (54.5) 26

Admitted to inpatient 1,178 (22.2) 26

Treated and transferred 39 (0.7) 5

Left without treatment 27 (0.5) 3

Held for observation 23 (0.4) 2

ICU 65 (1.2) 11

Outpatient 170 (3.2) 3

Surgery 911 (17.2) 24

ICU, intensive care unit.
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at their urban level I trauma centre, affiliated community 
hospital, urgent care clinics, and outpatient clinics, while 
Lavoie- Gagne et al7 focused on e- scooter injury encoun-
ters just in their ED or trauma bay. Bloom et al12 reported 
that the median facilities cost for these encounters was 
$1,213 (interquartile range (IQR) $499 to $3,312), al-
though the facilities’ costs were greater for people under 
the influence of alcohol $2,674 (IQR $1,033 to $15,727) 
and marijuana $42,132 (IQR $9,695 to $110,095). Lavoie- 
Gagne et al7 reported that the median total billing for 
these encounters was $50,432 (IQR $42,194 to $83,046). 
Their multivariable regression of total billing cost also re-
vealed that any intoxication was associated with higher 
costs (p = 0.02).
Subgroup analysis. Due to the heterogeneity of data 
coming from several countries, subgroups stratified by 
country were analyzed. The mean age was comparable 
among all groups (overall 33.3 years (SD 3.5); USA 34.6 
years (SD 3.1); non- USA 31.9 years (SD 3.7)). Even when 
stratified by sub- group the differences in sex, presenta-
tion to the hospital, helmet use, and alcohol use were all 
preserved (Table IV). Sub- group analysis was unable to 
be performed for other categories as there were less than 
five studies within each sub- group, limiting statistical 
power. Sub- group analysis was unable to be performed 
for other categories as there were less than five studies 
within each sub- group, limiting statistical power. Table IV

Even when comparing the mean percentages of inju-
ries sustained in each subgroup, bony injuries remained 

the most common injury (47.4% (SD 29.0%)) in the USA. 
Although not statistically significant, there are differences 
between the USA and non- USA group; soft- tissue injuries 
(39.1% (SD 29.2%)), consisting of sprain and laceration/
abrasions/contusions were more common in the non- US 
group than bony injuries (33.7% (SD 20.9%)). The upper 
limbs remained the foremost location injured (Table V).

There were only two variables that had a statistically 
significant difference between the subgroups: fall as the 
mechanism of injury and those that underwent a surgical 
procedure. More people were injured outside of the USA 
(84.7% (SD 10.4%)) by falling than in the USA (56.5% 
(SD 30.1%); p = 0.024, paired t- test) as well as underwent 
a surgical procedure (non- USA 27.2% (SD 15.8%), USA 
14.4% (SD 7.7%); p = 0.023, paired t- test).

Discussion
Although several retrospective studies have analyzed the 
impact of motorized scooters on society, this is the first 
systematic review of the field and consolidates the find-
ings of 34 studies worldwide. E- scooter use has greatly 
increased since 2017, when Lyft and Uber first introduced 
their ride- sharing services.41 Unfortunately, the studies 
included in our review found that injuries and hospi-
talizations have also increased secondary to e- scooter 
use. Despite the numerous published studies analyzing 
e- scooters, our systematic review has shown that most 
provide only descriptive statistics, with an average 
of approximately 160 (mean 163 (SD 133)) included 

Table IV. Subgroup analysis by demographic characteristics.

Characteristic

Overall USA Non- USA

Mean (SD) Studies, n p- value* Mean (SD) Studies, n p- value* Mean (SD) Studies, n p- value*

Mean age, yrs (SD) 33.3 (3.5) 21 34.6 (3.1) 11 31.9 (3.7) 10

Sex, n (%) 34 18 16

Male 59.6 (8.1) < 0.001 60.5 (7.4) < 0.001 58.7 (9.0) < 0.001

Female 41.2 (9.3) 39.5 (7.4) 43.0 (11.1)

Alcohol, n (%) 23 14 9

Alcohol use 27.0 (19.9) < 0.001 27.6 (17.8) < 0.001 26.2 (23.8) < 0.001

No use 69.9 (24.3) 72.4 (17.8) 66.0 (32.8)

Utox, n (%) (n = 8) 8 4 4

Positive 25.5 (20.4) < < 0.001 N/R N/R

Negative 74.5 (20.4) N/R N/R

Helmet, n (%) (n = 23) 23 11 12

Yes 5.2 (10.1) < 0.001 3.0 (5.3) < 0.001 7.3 (12.9) < 0.001

No 69.4 (35.5) 76.3 (29.8) 63.1 (40.3)

< 18 yrs, % 139/2522 (5.5) 16 85/1591 (5.3) 8 54/931 (5.8) 8

Presentation, n % 12 6 6

Ambulance 36.9 (14.9) < 0.001 42.0 (15.8) < 0.001 31.8 (13.2) < 0.001

Walk in 62.0 (14.8) 58.0 (15.8) 65.9 (14.0)

Time of day, n % 14 5 9

Night 48.6 (42.7) < 0.001 31.3 (19.9) < 0.001 58.2 (49.8) < 0.001

Day 67.7 (29.0) 65.6 (18.2) 68.9 (34.6)

*hi- squared test.
SD, standard deviation.



BONE & JOINT OPEN 

P. SINGH, M. JAMI, J. GELLER, C. GRANGER, L. GEANEY, A. AIYER680

subjects. This pooling of data allowed us to collectively 
analyze 5,702 patients with a total of 7,502 injuries. We 
found that the most common injury was fractures of the 
upper limbs, and that more injuries occurred to first- 
time riders and riders not wearing helmets. Although 
data on the management of fractures and cost analyses 
were limited, the majority of patients were treated and 
released, with 20.8% undergoing an unspecified surgical 
procedure. With regard to cost, intoxication by alcohol 
or other drugs was associated with higher billing costs, 
perhaps because intoxicated riders have less control 
of their scooters and are more likely to sustain more 
complex or high- energy injuries, or perhaps their intoxi-
cated status leads to longer hospital stays to reach base-
line, resulting in increased hospital costs.

Trivedi et al42 first analyzed e- scooter trauma in the USA. 
Since then, our systematic review found six more studies 
meeting our inclusion criteria were published in 2019, 
12 more in 2020, and 15 more as of September 2021 

(Supplementary Table ii). Most studies were retrospective in 
nature, and few analyzed risk factors associated with injury 
type, location, or severity. All USA- based studies similarly 
found that the most common characteristics of injured riders 
were white ethnicity, male sex, and mean age between 30 
and 40 years. The reported use of alcohol varied drastically 
from 3% to 4%,6,13 to as high as 85%.14 The lack of helmet use 
was consistent across all the studies, with most reporting < 
2% and one outlier reporting 46% helmet usage.15

Interestingly, but not surprisingly, the most common 
injury reported was fracture, followed by soft- tissue 
injury and injury involving the head and neck. The most 
common fracture location was the distal limbs, mainly 
radial and ulnar fractures. Unfortunately, limited data 
were published regarding surgical details for the treat-
ment of these fractures; however, roughly 16% of all 
injured riders required surgical intervention. Subgroup 
analyses revealed that those injured outside the USA were 
more likely to undergo a surgical procedure than those 

Table V. Subgroup analysis by injury characteristics.

Characteristic

Overall analysis USA Non- USA

Mean, % (SD)* Studies, n Mean, % (SD)* Studies, n Mean, % (SD)* Studies, n p- value†

Mechanism of injury
Fall 70.6 (26.2) 17 56.5 (30.1) 8 84.7 (10.4) 9 0.024

Struck object 10.5 (21.2) 17 18.6 (29.2) 8 3.4 (5.4) 9 0.187

Vehicle 11.0 (12.8) 17 16.7 (16.0) 8 5.3 (4.6) 9 0.069

Pedestrian 2.2 (3.7) 17 2.8 (5.1) 8 1.7 (2.4) 9 0.531

Types of injuries
Bone 40.6 (25.8) 30 47.4 (29.0) 15 33.7 (20.9) 15 0.151

Soft- tissue 37.7 (23.3) 26 35.9 (21.5) 11 39.1 (29.2) 15 0.727

Lacerations 35.7 (21.6) 20 31.4 (19.6) 7 38.0 (23.1) 13 0.511

Sprains 13.5 (9.3) 15 18.4 (9.7) 6 10.2 (8.0) 9 0.119

Head and neck 27.5 (15.1) 26 23.2 (14.2) 11 30.6 (15.3) 15 0.218

TBI 11.0 (8.5) 24 10.2 (9.0) 14 12.2 (8.0) 10 0.570

ICH 3.6 (4.0) 22 4.9 (5.3) 11 2.2 (1.6) 11 0.127

Concussion 8.6 (6.7) 16 7.6 (5.2) 7 9.3 (7.9) 9 0.604

Injury location
Head and neck 32.7 (20.7) 24 28.4 (19.1) 10 35.8 (22.0) 14 0.391

Face 23.1 (16.2) 17 27.4 (13.5) 9 18.3 (18.5) 8 0.276

Core 7.2 (4.6) 21 7.7 (5.9) 10 6.8 (3.2) 11 0.660

Upper limb 40.7 (18.2) 21 40.1 (18.6) 13 41.7 (18.7) 8 0.849

Lower limb 26.8 (18.1) 20 28.0 (19.6) 12 25.0 (16.7) 8 0.723

Fracture location
Skull/head 5.1 (9.9) 16 9.9 (13.9) 7 1.3 (0.7) 9 0.151

Face 10.3 (6.8) 21 11.5 (8.7) 9 9.4 (5.1) 12 0.546

Upper limb 34.8 (31.0) 27 37.3 (31.9) 13 32.4 (31.1) 14 0.691

Lower limb 21.6 (21.3) 25 27.5 (23.4) 12 16.3 (18.4) 13 0.201

Disposition
Treated and released 70.7 (18.9) 26 73.7 (19.2) 14 67.2 (18.7) 12 0.394

Admitted to inpatient 23.3 (12.0) 26 18.9 (12.54) 14 26.3 (10.7) 12 0.119

Surgery 20.8 (13.8) 24 14.4 (7.7) 12 27.2 (15.8) 12 0.023

*Mean of the percentages reported by each study in the subgroup.
†Independent- samples t- test with Welch’s correction between USA and non- USA subgroups.
ICH, intracranial haemorrhage; SD, standard deviation; TBI, traumatic brain injury.
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injured in the USA. Future research should further explore 
this difference.

While the current state of e- scooters poses public 
health safety concerns, legislative efforts both nationally 
and internationally have been slow in implementation, 
varying heavily based on country, state, and city.43 In the 
USA, only nine states have a minimum age required for 
e- scooter riding, two of which have a minimum age as low 
as 12 years old.44 Additionally, ten states require helmets 
for riders under the age of 18, and while no e- scooter 
company prohibits the use of helmets, they often state 
that riders are trusted to make responsible decisions 
regarding their health while riding.44 Other studies also 
call for bolstering e- scooter regulations, particularly for 
children, since they experience a greater rate of fractures 
and polytrauma when compared to adults.45 Sidewalk 
riding is not legal in 11 states, and only five states have 
declared a mandatory speed limit, ranging from 15 to 20 
mph.44 Although studies did not report the speed at the 
time of injury, it could be a useful variable to collect in 
the future, as it may aid in making evidence- based policy 
decisions to standardize a mandatory speed limit. Like 
the USA, Europe has variable laws regulating e- scooters, 
dependent by country. Minimum age requirements are 
as low as 12 years in some countries, and there is a wide 
range of speed limits that varies by country.10,44

In our study, we found that 5.6% of riders injured 
were under the age of 18. Additionally, sidewalk acci-
dents were a common location of injury, which indicates 
that legislature still needs to expand to prevent sidewalk 
riding. However, the presence of e- scooters on roads may 
be associated with an increase in motor vehicle accidents. 
Therefore, cities should consider the benefit of designated 
roadway spaces for e- scooters when renovating old or 
developing new infrastructure. Finally, upper limb inju-
ries and head and neck injuries were the most common 
locations of injury mentioned in our study, which could 
potentially be reduced by increased mandating of protec-
tive gear such as helmets as well as elbow and wrist pads.

This systematic review shares the same limitations as 
the studies from which it pulls data. The patient popu-
lation is predominantly composed of people presenting 
to the ED of local hospitals. This excludes patients who 
presented to outpatient care clinics or their primary care 
physicians, which may cause our data to both underesti-
mate the total number of patients and injuries of lower 
severity, i.e. sprains, strains, lacerations, abrasions etc. 
This also potentially skews our data when considering 
patient access to care and insurance status. The inclusion 
of orthopaedic search terms could have skewed the inju-
ries found, leading to more of an orthopaedic emphasis, 
excluding those more related to plastics or otolaryn-
gology. The retrospective nature of the studies reflected 
their limited ability to assess certain data endpoints. This 
is compounded by the fact that several of the studies 

failed to assess certain variables such as injury location, 
urine toxicology reports, specific surgical treatment, or 
weekday of injury occurrence. Not all studies screened for 
helmet, alcohol use, or intoxication in all their patients, 
leading to an inaccurate representation of the total 
number of people injured affected by these conditions. 
Some variables were not clearly defined either, specifically 
“fall” as a mechanism of injury. This encompasses both 
falling from a stationary and moving scooter, which have 
different injury biomechanics. Additionally, most studies 
provided minimal descriptions on how they character-
ized mechanisms of injury, making it difficult for readers 
to understand the difference between similar sounding 
mechanisms. Aside from one study that analyzed data 
from a USA national database,3 all other included studies 
focused on a small number of sites and are therefore 
limited by sampling bias from various geographical and 
urban planning factors. Another limitation is that some 
studies were conducted throughout the initial quarantine 
period associated with the COVID- 19 pandemic, during 
which there was a universal decline in e- scooter usage. 
Along similar lines, the variable duration of these studies 
may skew data, as usage will change depending upon 
seasonal weather.

Despite these limitations, this multivariable systematic 
review of e- scooter implications is the most comprehen-
sive of its kind in the literature with respect to the metrics 
that are evaluated. Further study is necessary to under-
stand the orthopaedic impacts such as fracture types and 
the specific treatments and costs associated with them. 
Additionally, overall injury prevention and injury mitiga-
tion should be studied, such as encouraging helmet and 
elbow/wrist guard use and improving training, especially 
given the prevalence of injury with first- time use.

Upper limb fractures were the most common injury 
type incurred from e- scooter use, and the most common 
demographic characteristics were white males in their 
early 30s. There should be more emphasis on wearing 
protective gear like wrist and elbow guards in addition to 
helmets. Future prospective studies with larger cohorts 
across multiple regions and hospitals are necessary to 
truly characterize the nature and cost of e- scooter injuries.

Take home message
  - There should be increased emphasis on e- scooter riders 

wearing protective gear, especially on their upper limbs, as 
this is the most common location for injury.

  - Orthopaedic injuries are the most common e- scooter injuries, and the 
most common mechanism of injury is falling.
  - Further state and national policy implementations are needed to 

reduce the increasing prevalence of e- scooter injuries.

Twitter
Follow A. Aiyer @orthomentor and @momentummed
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PRISMA outline used for this systematic review, 
characteristics of the 34 studies included, and the 

location of facial fractures incurred in the e- scooter 
injured population.
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