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Introduction: E-scooters or personal mobility devices (PMDs) have recently been growing in popularity in Singapore. These devices
can be especially helpful for those who have reduced mobility or who need to move between several relatively near locations
multiples times per day or who simply appreciate the added convenience of having another transportation option. The increasing
popularity of PMD has met with growing public concern over safety. Singapore government passed the Active Mobility Act (AMA) in
January 2017 to regulate the usage of PMD. In Khoo Teck Puat Hospital, PMD-related accident has increased year on year by
20%-30%. Our study is to compare the incidence and severity of PMD-related accidents before and after the implementation of the
AMA. Materials and Methods: A retrospective study of patients presented to the emergency department (ED) of Khoo Teck Puat
Hospital for PMD-related accidents between November 2014 and October 2017. In year 1 of the study, we included patients
presenting between November 2014 and October 2015. In years 2 and 3, we included patients presenting between November 2015
and October 2016 and November 2016 and October 2017, respectively. Data collected included demographic information, type of
device used and impact, outcome, and injury severity score (ISS). Results: A total of 697 PMD-related accidents were seen in our
center. We observed an increasing trend of accidents with significant injuries. There were 157 accidents reported in year 1, 233 in
year 2, and 307 in year 3. The mean age of patients increased from 28 [+ or -] 15 years (range, 5-89 years) in year 1 to 33 [+ or -] 15
years (range, 4-83 years). Most patients were males (61.8% in year 1, 76.8% in year 2, and 73.3% in year 3) and Chinese (55.4% in
year 1, 62.7% in year 2, and 65.5% in year 3), followed by Malays, Indians, and others. Devices commonly associated with injury
were E-scooters, skateboards, and E-bicycles. E-scooters accidents had increased drastically from 12.1% in year 1 to 58.3% in year
3, but E-bicycles and other PMD accidents had decreased in year 3. Most patients were injured from falling off their devices (83.4% in
year 1, 83.7% in year 2, and 79.5% in year 3), followed by collisions. Most patients arrived to the ED with own transports and were
triaged to the patient acuity category 3 or 4. Most injuries were mild, with ISS <9 (97.5% in year 1 and 94.9% and 94.1% in year 2
and 3, respectively). The most common PMD-related injuries involved external injuries, followed by upper and lower extremities
injuries. For more severe injuries (ISS [greater-than or equal to]9), the number had increased from 4 in year 1 to 18 in year 3. Most
patients were discharged. The number of patients required admissions increased from 12 to 44 in year 3, with two high-dependency
or intensive care unit admissions. The mean hospital stay reduced from 5.0 [+ or -] 6.0 days to 3.6 [+ or -] 4.1 days, with the survival
rate remained at 100%. There was only one fatality was reported in year 2. Conclusion: There is an increase in injuries and severity
of PMD accidents despite AMA being implemented in January 2017. More need to be done to ensure the safety of PMD-related use
in Singapore footpaths and roads.

Introduction

Personal mobility devices (PMDs) and electric bicycles (e-bikes) have become increasingly popular in Singapore in recent years.
These increasingly popular PMDs provide portable personal transport to users in getting from one place to another quickly,
particularly for short trips. Even the elderly welcome PMDs, which are in line with the government's plan to encourage active mobility-
reducing congestion on the roads while also promoting healthy behavior.[1]

Unfortunately, the increase in active mobility uptake has been accompanied by concerns about path safety due to a rise in the
number of accidents on public paths. Singapore has reported a threefold increase in PMD-related accidents between 2016 ( n = 46)
and 2017 ( n = 128).[2] Statistics from the Land Transport Authority (LTA) showed that nearly a fifth of the 3700 active mobility
offenses between May 2018 and April 2019 involved users who sped, rode recklessly, or used PMDs on roads. In 2017 and 2018,
there were 228 reported accidents involving PMDs on public paths and 196 of them resulted in injuries.[3]

In January 2017, the government of Singapore passed the Active Mobility Act (AMA) to maintain and promote the safety of PMD
usage.[4] In line with the government's plans, the Safe Riding Programme was launched to put the public through a training circuit
and familiarize them with the rules and codes of conduct under the AMA for PMDs.[5] A Safe Rider Campaign was also launched by



Land LTA to promote safe riding behaviors for PMD riders.[6] LTA has been regulating the uses of PMD under the Act.[7]

In light of the spike in PMD-related accidents, our study aimed to compare the prevalence, patterns, and severity of PMD-related
accidents before and after the implementation of the AMA.

Materials and Methods

A retrospective review of patients presenting to Khoo Teck Puat Hospital for PMD-related accidents from November 1, 2014, to
October 31, 2017, was conducted. Patients who were injured from the use of PMDs or sustained injury as a result of a collision with
another user of these mobility devices were included in this study. Injuries from nonpowered (conventional) bicycles and mobility aids
(e.g., wheelchairs) were excluded from the study.

Information was gathered on patient demographics (age, gender, and ethnicity), type of mobility device used, type of impact, mode of
transport to the emergency department (ED), total time in ED, hospitalization, survival rate, length of stay in the hospital, cost incurred
during ED attendance and hospitalization, patient acuity category (PAC) scale, distribution of injury according to anatomical sites, and
injury severity (based on the injury severity score [ISS]).

As defined by the Ministry of Health, Singapore, PAC 1 refers to patients with cardiovascular collapse or in imminent danger of
collapse or who need to be attended to immediately; PAC 2 refers to patients who appear to be in a stable state upon initial
cardiovascular examination and are not in danger of imminent collapse; however, they still require early attention due to the severity
of their symptoms and possibly of early deterioration of condition; PAC 3 refers to patients with minor-to-moderate symptoms and are
ambulatory; and PAC 4 are nonemergency cases that do not require immediate medical attention.

Data analysis was performed using a one-way analysis of variance for continuous data and a Chi-squared test for categorical data.

Results

A total of 697 PMD-related accidents were seen in our center. Over the years, we observed an increasing trend of accidents with
significant injuries. There were 157 accidents reported in year 1, 233 in year 2, and 307 in year 3. The mean age of patients
increased from 28 [+ or -] 15 years (range, 5-89 years) in year 1 to 33 [+ or -] 15 years (range, 4-83 years). There was a male
predominance (61.8% in year 1, 76.8% in year 2, and 73.3% in year 3) and Chinese as the majority of ethnic distribution (55.4% in
year 1, 62.7% in year 2, and 65.5% in year 3), followed by Malays, Indians, and others [Table 1].{Table 1}

Devices commonly associated with injury were E-scooters, skateboards, and E-bicycles. E-scooters accidents had increased
drastically from 12.1% in year 1 to 58.3% in year 3, but E-bicycles and other PMD accidents had decreased in year 3. Most patients
were injured from falling off their devices (83.4% in year 1, 83.7% in year 2, and 79.5% in year 3), followed by collisions (12.1% in
year 1, 12% in year 2, and 13.3% in year 3) [Table 2]a. There was an increasing number of patients [greater-than or equal to]65-year-
old sustained injuries from falling off their devices (1 patient in year 1, 3 in year 2, and 7 in year 3) [Table 2]b.{Table 2}

Most patients arrived to the ED with their own transports (86.6 in year 1, 81.1% in year 2, and 81.4% in year 3) and had average time
in ED of about 2-3 h. Most patients were discharged (92.4% in year 1, 87.1% in year 2, and 85.7% in year 3). Eight patients were
discharged at their own risk and 7 were transferred to other hospitals. The remaining patients were admitted with an average length
of hospitalization around 3.6-5.0 days and the average hospital bill ranged from SGD 2889 to SGD 5432. Most patients were
admitted to the general ward (83.3% in year 1, 86.7% in year 2, and 95.5% in year 3). The survival rate remained at 99.6% to 100%
[Table 3].{Table 3}

Most patients were triaged to PAC 3 or 4 (82.8% in year 1, 84.1% in year 2, and 74.3% in year 3) [Table 4]. Most injuries were mild,
with ISS <9 (97.5% in year 1 and 94.9% and 94.1% in year 2 and 3, respectively). The mean ISS ranged from 2.1 to 2.9. The most
common PMD-related injuries involved external injuries (73.2% in year 1, 87.6% in year 2, and 82.4% in year 3), followed by upper
and lower extremities injuries. For more severe injuries (ISS [greater-than or equal to]9), the number of cases had increased from 4 in
year 1 to 18 in year 3. There was only one case of fatality related to PMD reported in 2016, the cause of death was secondary to
severe head injury and hemorrhage from collision with a lorry [Table 5].{Table 4}{Table 5}

Discussion

PMD-related accidents highlight a significant public health issue. In an effort to regulate the sale and usage of PMDs in the country,
the Singapore government passed the AMA in January 2017.[4] Since May 2018, the LTA has been regulating the use of PMDs
under the Act. The rising incidence could be explained by the rapid adoption of PMDs and the recent introduction of safety
regulations mandated by the government.[8] It was also contributed by a lack of public awareness of the use of PMDs.

Considering the demographics of PMD-related injuries reflected in this study, injury prevention efforts should be targeted at those
aged 4-89 years. Interestingly, the use of PMD in the elderly population is increased, they may use it due to their reduced walking
ability and convenience or affordability of PMD.[9] The ethnic distribution of the cases was largely similar to Singapore's population
demographics,[10] with the majority being Chinese.

In our study, devices commonly associated with injury were E-scooters, skateboards, and E-bicycles. E-scooter accidents were
significantly increased from 12.1% to 58.3% within 3 years. It could be largely contributed by the rising use of PMDs. More than
75,000 e-scooters have been registered with LTA.[2] A majority of 73% between the ages of 21 and 50.

The vast majority of injuries were sustained from falling off their devices, followed by collisions. Patients were mainly treated in an
ambulatory setting. Injuries were typically minor, comprising of external injuries. This finding is consistent with general literature.[11]



Physical conditions such as lighting and the conditions of road and paths should be evaluated as injury prevention measures. PMD
riders are subject to inevitable lags in reaction times when stopping, pointing to a high likelihood of a collision, especially in narrow
walkways. The revision of the speed limit for PMDs on footpaths from 15 km/h to 10 km/h is effective after February 1, 2019, in the
effort of reducing the incidence of accidents by allowing path users more time to react.[12]

Besides a spike in the number of PMD-related accidents, there was also a rise in the severity of injuries (higher ISS score). The rise
could be related to multiple regions of trauma. Although the mean inpatient stay and average hospital bill decreased in year 3, it did
not include the period of rehabilitation for functional recovery. In our study, there was one fatality reported. The cause of death was
due to severe head injury and hemorrhage. Out of 142 posted reports of road traffic accident deaths recorded in Windsor, the most
common cause of death was intracranial hemorrhage and severe head injury which contributed to 32.5% of total cases.[13]
Intracranial hemorrhage causes compression to adjacent brain tissues, leading to neurological dysfunction and potential fatal
herniation syndrome. A literature done in China reported the failure to wear helmets is one of the most common reasons that has
been attributed to the rise in PMD-related injuries in China.[14] Helmet use should be enforced to reduce the risks of head-and-neck
injury.

AMA came in force to provide a set of rules and regulations to enable safer sharing on public paths. Criteria for PMD were revised as
follows: (i) weight must be [less-than or equal to]20 kg to reduce the risk of serious injuries in cases of collision, (ii) width must be
[less-than or equal to]70 cm to allow devices to close each other safely, (iii) motorized device speed must be capped at maximum 25
km/h to ensure the users do not exceed the speed limit, and (iv) Motorized PMDs must be certified to a device safety standard
UL2272 to address fire incidents and improve public safety.[15] Users will face penalties if they are caught riding a PMD that does not
meet the criteria above. Users should ensure their PMDs are in good working condition before riding on path. They are advised to
keep a safe distance from other path users, stop and look for oncoming traffic before riding across the road to avoid the collision.

The limitation of our study includes the data extraction of PMD-related accidents seen in a single institute, which could limit its
generalizability. The severity of injuries sustained from motorized devices compared to that from nonmotorized devices was not
highlighted. Other relevant data points such as the use of helmets and location (footpath, cycling path, or road) where these injuries
happen are also not captured. This would also make it difficult to spot trends in the injuries and to assess the adequacy and efficacy
of current public education efforts and preventive measures.

Conclusion

There is a worrying trend of increased accidents and serious injuries related to PMD use from the year 2014 to 2017. The rise of such
accidents is increasingly contributing to the health-care burden with socioeconomic consequences associated with them. This study
contributes to the understanding of the injury incidence and severity of PMD-related accidents before and after the implementation of
the AMA in Singapore.

Financial support and sponsorship

Nil.

Conflicts of interest

There are no conflicts of interest.

References

1. Patrick Y. Rise of the PMD: The Case for Compulsory Insurance in Singapore. Available from:
https://learn.asialawnetwork.com/2019/04/15/rise-pmd-case-compulsory-insurance-singapore/. [Last accessed on 2019 Apr 15].

2. Olano G. Singapore Posts Three-Fold Jump in Personal Mobility Device Accidents. Available from:
https://www.insurancebusinessmag.com/asia/news/breaking-news/singaporeposts-threefold-jump-in-personal-mobility-device-
accidents-101070. [Last accessed on 2018 May 19].

3. Insurance Business Asia, Insurance Business Asia Kenneth C. The Big Read: Calls to ban PMDs Mount as Accidents Persist --
But is it the Best Option? Available from: https://www.channelnewsasia.com/news/singapore/ban-pmd-personal-mobility-device-e-
scooter-accidents-singapore-11568106. [Last accessed on 2019 May 28].

4. Republic of Singapore Government Gazette Acts Supplement. Active Mobility Act; 2017. Available at
https://sso.agc.gov.sg/Act/AMA2017#pr3-. [Last accessed on 2018 May 19].

5. Adrian L. Safe Riding Programme for Cyclists and PMD Users to be Launched by July: LTA. Available from:
https://www.straitstimes.com/singapore/transport/safe-riding-programme-for-cyclists-and-pmd-users-to-be-launched-by-july-lta. [Last
accessed on 2017 Feb 26].

6. Land Transport Authority. Press Release: Pledge to be a Safe Rider Today. Available from:
https://www.lta.gov.sg/apps/news/page.aspx?c=2&id=d3491ec2-7f1e-4a1a-95ab-9904196ab1ff. [Last accessed on 2016 Apr 24].

7. Adrian L: Speed Guns Deployed to Curb Reckless Riding by e-Scooter Users And Cyclists. Available from:
https://www.straitstimes.com/singapore/transport/speed-guns-deployed-to-curb-reckless-riding-by-users-of-e-scooters-and-cyclists.
[Last accessed on 2018 May 02].



8. Toh YC. Law to Curb Reckless Use of Mobility Devices Kicks in. Available from: https://www.straitstimes.com/singapore/law-to-
curb-reckless-use-of-mobility-devices-kicks-in. [Last accessed on 2018 May 02].

9. Land Transport Authority. Holistic Approach taken to Improve Active Mobility Safety. Available from:
https://www.lta.gov.sg/apps/news/page.aspx?c=3&id=c99bafd7-7991-41ff-a5b1-036de8c70208. [Last accessed on 2019 May 20].

10. Singapore Department of Statistics: Population Trends; 2016. Available from: http://www.singstat.gov.sg/docs/default-
source/default- documentlibrary/publications/publications_and_papers/population_ and_population_structure/po pulation2016.pdf.

11. BrudvikC. Injuries caused by small wheel devices. Prev Sci 2006;7:313-20.

12. Channel News Asia: More than 75,000 e-Scooters Registered Ahead of June Deadline: LTA. Available from:
https://www.channelnewsasia. com/news/singapore/75000-escooters-registered-before-deadlinelta-11643958. [Last accessed on
2019 Jun 20].

13. Kamdar BA, Arden GP. Road traffic accident fatalities (review of 142 post mortem report). Postgraduate Med J 197450:131-4

14. Campbell AA, Cherry CR, Ryerson MS, Yang X. Factors influencing the choice of shared bicycles and shared electric bikes in
Beijing. Transport Res C-Emer 2016;67:399-414.

15. Rules and Code of Conduct, Land Transport Authority. Available from:
https://www.lta.gov.sg/content/ltagov/en/getting_around/active_ mobility/rules_and_public_education/rules_and_code_of_conduct.
html.

Copyright:  COPYRIGHT 2020 Medknow Publications and Media Pvt. Ltd.. INDO-US Emergency and Trauma Collaborative 
http://www.onlinejets.org/
Source Citation (MLA 9th Edition)    
Lee, Wey, et al. "Hospital seeing more personal mobility device accidents and serious injuries despite active mobility act." Journal of

Emergencies, Trauma, and Shock, vol. 13, no. 4, Oct.-Dec. 2020, p. 274. Gale Academic OneFile, 
link.gale.com/apps/doc/A644710064/AONE?u=nuslib&sid=summon&xid=96f15ec9. Accessed 13 Sept. 2021.

Gale Document Number: GALE|A644710064

http://www.onlinejets.org/

