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Introduction: To evaluate eye and orbital injuries in non-powered scooter, electric-scooter (e-scooter), and hoverboard riders in the
United States (US) between 2014 and 2019.

Methods: The National Electronic Injury Surveillance System (NEISS) was queried for head and neck injuries by body part codes
related to non-powered scooters and powered scooters/hoverboards from 2014 to 2019. The NEISS complex sampling design was used
to obtain US population projections of injuries and hospital admissions. Keywords were queried in case narratives to analyze trends in
location, type, and mechanism of eye and orbit injuries.

Results: Since their introduction, a 586% (p=0.01) increase in e-scooter injuries and 866% (p<0.001) increase in hoverboard injuries
were observed with an increase in hospital admissions seen in young adults (18-34) in urban areas (e-scooter: 5980% and hoverboard:
479%). Descriptive narratives of the trauma noted eye injuries in 242 unweighted NEISS cases with only 30 cases appropriately
documented under body part code 77: eyeball. Eye injuries increased 96.9% during the study period (p=0.23). Specifically, the most
common ophthalmic injuries reported included eyebrow (40.9%) and eyelid (11.3%) lacerations, periorbital contusions (18.7%), orbit
fractures (6.6%), and corneal abrasions (5.1%).

Conclusion: There was a significant increase in both head and neck injury cases and hospital admissions related to e-scooters. Eye
and orbit injuries similarly increased but were underreported by body part code compared to injury narratives. Orbital fractures were

reported more frequently in injuries from e-scooters than non-powered scooters.
Plain language summary: From 2014 to 2019, there were significant increases in both head and neck injuries and hospital
admissions related to e-scooters, with eye and orbital injuries similarly increased but underreported by body part code compared to

the injury narratives.
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Introduction
Driven by the advancement of technology, and the goal for greater efficiency and environmental sustainability, modes of
transportation have been continuously evolving in the United States. Examples of such transportation include novel
personal motorized vehicles, such as electric scooters (e-scooters) and hoverboards.' Around 2013, lithium battery
powered e-scooters became available to consumers. In 2017, shared e-scooters first appeared in Santa Monica, California
and quickly spread across urban areas in the United States in the following year.>* Since then, with a maximum speed of
15 miles per hour, shared e-scooters are increasingly available to ease public transit without mandated safety gear.>
Previous studies have extensively reported on the increasing injuries associated with e-scooters. Badeau et al reported an
increase in e-scooter-related trauma from 8 cases in 2017 to 50 cases in 2018 in two of the largest emergency departments (ED)
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in Salt Lake City, Utah." Beck et al reported a more dramatic change from zero e-scooter-related ED visits in 2018 to 56
incidents in 2019 in one hospital in New Zealand. After the release of the 2019 National Electronic Injury Surveillance System
(NEISS) data, Namiri et al and Farley et al both reported a dramatic increase in emergency room visits and related hospital
admissions from 2017 to 2019.%” Both studies concluded that neurological (eg, traumatic brain injury) and orthopedic injuries
were the most common e-scooter related injuries. In the field of ophthalmology, Yarmohammadi et al reported rising facial
trauma cases associated with e-scooter use between June 2018 and May 2019 in two EDs in San Diego.®

Although the head was the most frequently injured part of the body,*>"’

specific analysis of ophthalmic and orbital
injuries in e-scooter and hoverboard accidents relative to non-powered scooters has yet to be reported. Therefore, the
authors sought to evaluate eye and orbit injuries in non-powered, e-scooter, and hoverboard riders in the United States

between 2014 and 2019.

Methods

This study was approved by the University of California, San Francisco Institutional Review Board (IRB number 20-30493)
and was conducted in compliance with the rules and regulations of the Health Insurance Portability and Accountability Act of
1996 and all applicable federal and state laws, and in adherence to the World Medical Association’s ethical principles for
medical research involving human subjects outlined in the Declaration of Helsinki as amended in 2013.

A retrospective cohort study was conducted to examine eye and orbital injuries from non-powered scooters, e-scooters,
and hoverboards using the National Electronic Injury Surveillance System (NEISS) database. The National Electronic Injury
Surveillance System (NEISS) provides national estimates of injuries that are present to EDs across the US.’ NEISS is
a probability sample of hospitals in the US with at least six beds and an emergency department. Selection of EDs surveyed in
the system occurs by stratified sampling with four general hospital strata and one stratum for children’s hospitals. NEISS
provides statistical weights for each sample to estimate national case numbers with corresponding confidence intervals (Cls).
The NEISS analysts review medical records of sampled hospitals and code each injury with a product key. NEISS includes
product keys for non-powered and e-scooters/hoverboards allowing for evaluation of injuries associated with these devices.
During 2014-2019, NEISS assigned product key 5042 to e-scooters and 1329 to non-powered scooters.

NEISS was queried for injuries related to non-powered scooters (product key 1329) and powered scooters/hoverboards
(product key 5042) from 2014 to 2019. Powered scooter and hoverboard cases were differentiated by searching for keyword
“scooter” and “hoverboard”, respectively, within product key 5042. A search with body part key 77 for eye was performed. To
allow better capture of injuries specific to the eye and orbit, a search of each trauma narrative was performed with the
following keywords in the case narratives: eye, oculo-, ocular, orbit, brow, cornea, and lid, ZMC, zygomatic. In addition, case
narratives were coded and analyzed to comparatively assess trends in location, type, and mechanism of ophthalmic injuries.

The admitting status, body location of injury, diagnosis of injury, age, and sex was obtained. The NEISS complex
sampling design was used to obtain US population projections of injuries and hospital admissions. Population estimates
from the 2010 US Census Bureau were utilized for the direct method of age adjustment.'®'" Linear regression tests were
applied using Stata V15 (StataCorp, College Station, TX) to determine differences in injury characteristics across the
study period. Descriptive statistics provided distributions of injury characteristics for non-powered scooters, e-scooters,
and hoverboard injuries within each year of the study period. P-values less than 0.05 determined statistical significance.

Results

Based on population studies, from 2014 to 2019 in the United States, a total of 92,368 (95% CI, 65,633-119,107) and
22,217 (95% CI, 9761-34673) non-powered scooter and e-scooter head and neck injuries occurred respectively (3153
and 613 NEISS cases). Since the introduction of the hoverboard in 2015, 19,227 (95% CI, 11308-27148) attributed head
and neck injuries due to hoverboards occurred in the United States (611 NEISS cases). In contrast to a 24% (p=0.002)
decrease in non-powered scooters injuries from 2014 to 2019, there was a 586% (p=0.01) increase in e-scooter injuries.
Since their introduction in the last quarter of 2015, hoverboard injuries increased by 866% (p<0.001) from 2015 to 2019
(Figure 1). Increases in hospital admissions were associated with both non-powered scooters (55.88%, p=0.03) and
e-scooters, although not significant for e-scooter cases (1093%, p=0.47) (Figure 1). Among all age groups, young adults
(1834 years old) witnessed a dramatic increase in e-scooter injuries (5980%, p=0.002) and became the most injured
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Figure | Head and neck injury cases and hospital admissions associated with non-powered scooter, e-scooter, and hoverboard.

group accounting for 43% of all e-scooter injuries in 2019 (Figure 2). The other age groups that showed significant
changes in e-scooter injuries include 0-6 years old (—24%, p=0.002), 7—12 years old (185%, p=0.03), 13—17 years old
(272%, p=0.03). There were no significant changes in age groups older than 34 years. There was an increase in urban
cases by 830% related to e-scooters (Figure 3).

Although only 30 cases were documented under the body part code 77 for eyeball in non-powered scooter, e-scooter,
and hoverboard combined, the descriptive narrative for each trauma mentioned eye injuries in 242 unweighted NEISS
cases in the 3 categories above. Eye injuries increased by 96.9% during the study period (p=0.23). A breakdown of case
types using descriptive narratives is shown in Figure 4.

During the 6-year period when non-powered scooter, e-scooter and hoverboard were queried, the most common
location of ophthalmic injuries reported was the eyebrow (46%). The most common mechanism of injury was laceration
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Figure 2 Head and neck injury cases associated with e-scooter and hoverboard by age group.
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Figure 3 Head and neck injury cases associated with e-scooter by hospital type.
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Figure 4 Types of eye and orbit injuries associated with non-powered scooter, e-scooter, and hoverboard.

(58%), and the most common cause of injury was fall (50%). Since e-scooter rideshares began in 2017, their riders’
ophthalmic injury cases by reported number have exponentially grown, doubling by 2018 and nearly quadrupling by
2019 (Figure 4). Combined eyebrow and eyelid lacerations accounted for 54% of all ocular injuries in non-powered
scooter riders, but only accounted for 37% of ocular injuries amongst e-scooter riders. Meanwhile, 46% of ocular injuries
amongst e-scooter riders could be attributed to combined periorbital contusions and abrasions (Figure 4). E-scooter riders
had approximately five times more orbital fractures than non-powered scooter riders: orbital fractures accounted for 21%
of ophthalmic injuries in e-scooter riders but only 4% of ocular injuries in non-powered scooter users from 2014 to 2019.
Non-powered scooter riders experienced four times more corneal abrasions than e-scooter riders in 2019 alone, and these
were mostly due to striking the handlebars or ocular foreign bodies.

Among non-powered and e-scooter riders, the prevalence of ophthalmic injuries due to falls and collisions also
increased (Figure 4). Collisions were segmented into automobile collisions, scooter versus scooter collisions, and scooter
versus motorcycle collisions. Automobile collision injuries were due to direct collisions with automobiles as well as
ejections from e-scooters while swerving to avoid direct collision with automobiles. Such collisions led to similar
ophthalmic injury volume across all three groups (non-powered scooter, e-scooter, and hoverboard). In contrast, scooter
versus scooter collisions accounted for three times as many ocular injuries in non-powered versus e-scooter users in 2019
(Figure 5). Scooter versus motorcycle collisions were far less common, with only one such collision over the five-year
study period. In 2019, e-scooter riders were five times more likely to sustain an eye or ocular injury compared to
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Figure 5 Non-Electric Scooter, Electric Scooter, and Hoverboard Opthalmologic Injuries by (A) Location (B) Type and (C) Mechanism of Injury.
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hoverboard or non-powered scooter riders after falls (due to loss of control on uneven terrain or after striking an
obstacle). Finally, intoxication was most associated with increased ophthalmic injuries secondary to falls, ejections, or
collisions in the e-scooter population compared to the non-powered and hoverboard scooter population.

Discussion

In this retrospective review of the NEISS database, the authors sought to evaluate eye and orbital injuries in non-powered,
e-scooter and hoverboard riders in the United States between 2014 and 2019. Review of hospital admissions and injuries
demonstrated that compared to non-powered scooters, there were significant increases in both head and neck injury cases
and hospital admissions related to e-scooters, with young adults being the most injured group from e-scooters. This is in line
with past retrospective reviews of trauma databases and trauma centers, which have shown the head and face to be one of
the most frequently injured body part in electric scooter falls or collisions, followed by the extremities'* .

To the authors’ knowledge, this study is the first to specifically investigate orbital and ophthalmic injuries caused by
e-scooters using the NEISS database. The most common eye injuries reported in the NEISS database sustained across all
powered and non-powered scooters (including non-electric scooters, e-scooters, and hoverboards) between 2014 and
2019 were eyebrow (41%) and eyelid (11%) lacerations, periorbital contusions (19%), orbit fractures (7%), and corneal
abrasions (5%). Lacerations were more prevalent in non-powered scooters than e-scooters while e-scooter riders were
more likely to sustain periorbital contusions and abrasions, although this conclusion was limited by low overall numbers.
Past studies using data on scooter injuries from the electronic Canadian hospitals injury reporting and prevention
program (CHIRPP) have found orbital fracture to be the most frequent injury (36.9%) between 2012 and 2019."> The
difference in presentation may be derived from a variety of factors including differences in reporting between the NEISS
database and the CHIRPP as well as differences in presentation/usage and regulations across the United States and
Canada. Other studies have similarly shown that orbital floor fractures were the most common injury (60%), followed by
ocular contusion (30%), eyelid laceration (20%), and other ocular wounds (7%), with riders without helmets being at
greater risk for orbital floor fractures.®'® Interestingly, e-scooter riders were found to suffer from ocular injury more than
motorcycle riders.'® Yarmohammadami et al performed a retrospective review to characterize facial trauma associated
with standing e-scooter injuries and found 34 patients over a year with facial injuries, none of whom wore a helmet, and
three quarters of whom were intoxicated or impaired. Among the cohort, greater than 90% presented with at least one
type of facial fracture, 56% with lateral orbital wall fractures, 53% with orbital floor fractures, 28% with orbital roof
fractures, and 25% with medial orbital wall fractures.® Lid laceration was observed in 15% of patients.® While the
demographics of affected patients (male, young adults) in the present study were similar to other reports, the most
frequent ocular injuries differed slightly. Other studies focusing on personal motorized vehicles unanimously found
orbital fractures to be the most common ocular injury (with a lower percentage presenting with eyelid or other overlying
lacerations); however, most of these orbital fractures occurred concomitantly with other facial fractures.® Therefore, it is
possible that the present study reports a lower percentage of orbital fractures because the case narratives queried did not
specifically mention orbital fractures associated with polytrauma.

In addition, the authors’ study demonstrated that e-scooter ophthalmic injuries were increasingly associated with
ejections and riding while intoxicated compared to non-powered scooters. This is in line with prior studies comparing
e-scooter and bicycle-related accidents in facial fracture patients that found alcohol involvement was significantly higher
in e-scooter trauma injuries with accidents twenty times more likely to occur under the influence of alcohol.!” This is
particularly troubling provided that well-delineated regulations and legal consequences exist for operating motorized
vehicles while intoxicated in the US and thus poses a public safety concern. This is especially important in urban areas,
where e-scooter related injuries were demonstrated to be increased by over 800%. However, although frequently used in
the same lanes as motorized vehicles on the road, e-scooters are categorized as nonmotorized vehicles.'® This is a public
safety concern, especially given the severity of associated injuries. As redemonstrated in the present study, helmet use
was only observed in a minority of riders."® Prior studies have also demonstrated that riders often misunderstand traffic

laws that guide e-scooter use,>' %20

which likely contributes to injuries.
The present study has limitations known of retrospective, observational analyses. This includes the possible

inaccurate estimation of injuries. Since estimates with low numbers of weighted cases are used, the projected case
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numbers may be inaccurate. In addition, NEISS database gathers information in approximately 100 EDs selected as
a probability sample of more than 5000 EDs in the US. Unfortunately, the names of the participating hospitals are not
publicly available. Comparing NEISS sampling map to the map of the US, the authors observed that NEISS included
areas such as San Francisco bay area, Los Angeles metropolitan area, Seattle, New York City, and Boston.?! However,
the database omitted cities where e-scooters have been historically more popular such as San Diego and Austin. Since the
shared e-scooter business model is more popular in some cities than others, the population-based estimate in the present
study may not represent the true national incidence. Although, the authors believe the year-to-year trend likely reflects
the national trend. One additional limitation is the timeline included in this study as it is possible that trends in e-scooter
and hoverboard use have changed since 2019. However, more recent data was not added to this study because the authors
perceived more recent years to not be comparable to previous years due to the pandemic changing people’s patterns and
the coding in the database changing as well. Therefore, for this particular study, the authors focus on usage pre-pandemic,
with goals for future studies to examine post-pandemic usage.

Furthermore, eye injuries could be underreported in the trauma database. Due to the nature of the keyword search in
the trauma narratives, it is possible to underestimate the incidence of eye injuries because it is impossible to ensure all
injuries that involve the eye and orbit were reported in the submitted narrative or were extracted by the search words we
used. Similarly, only one body part and one diagnosis code were reported per patient before 2018 in the database and in
2019, 2 body parts were allowed to be reported per patient with their own associated diagnosis code reported. NEISS was
queried for narratives focusing on eye, oculo-, ocular, orbit, brow, cornea, and lid; however, other eye-related injuries
may not have been captured due to the lack of common language used by non-ophthalmology trained clinicians to
describe ocular trauma/injuries. This is further supported by the low yield of the search with the body part key for eye
(lower than that found in the reports/narratives), suggesting that even the most basic anatomic language may not capture
ophthalmic injuries in the narrative found in ED notes and be recorded under body part injury for eye. Also, if the patient
has more severe injuries, a non-vision threatening eye injury may not be documented in the narrative. In summary, the
discrepancy between actual eye injuries and extracted eye injuries from this database is therefore potentially from: 1) eye
injuries documented in the narratives, but not included in the body part code search, 2) eye injuries not documented
initially in the ED notes and therefore not transferred to trauma narrative or body part code in the database, or 3) eye
injury was documented in the ED notes, but due to inconsistent terminology or other reason, was not transferred to the
trauma narrative or body part code in the trauma database.

Finally, it is important to consider the effects of the COVID pandemic and post-pandemic times on these results.
While the frequency of use of e-bike and e-scooters was demonstrated to decrease during the pandemic, this was shown
to be offset by an increase in the average duration and trip distance.”” Furthermore, due to the impacts of social
distancing, studies have suggested that e-bike and e-scooter usage has and will continue to increase as it serves as both
a reliable and safe substitution for public transport in the post-pandemic world.?*-** It is also important to note that the
results are limited by the change in coding system of the data base after 2019, limiting comparison of the data beyond
2019.

The authors demonstrate significant increases in head and neck injury cases and hospital admissions related to
e-scooters. With the usage of e-scooters continuing to increase, the results of the study further emphasize the importance
of discussions about mandatory protective equipment and regulations to reduce injuries and riding under the influence.
Continued efforts should be made to investigate whether these strategies, together with safety education, would mitigate

periocular or potentially vision threatening injuries.

Ethics and Consent

This study adhered to the tenets of the Declaration of Helsinki and was performed in accordance with the Health
Insurance Portability and Accountability Act. The study was approved by the Institutional Review Board at the
University of California, San Francisco.
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