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Objective To examine the features of powered mobility device-related injuries and identify the 
predictors of injury severity in such settings.

Methods Emergency Department-based Injury In-depth Surveillance data from 2011 to 2018 
were used in this retrospective study. Participants were assigned to the mild/moderate and se-
vere groups based on their excess mortality ratio–adjusted injury severity score and their general 
injury-related factors and injury outcome-related factors were compared.

Results Of 407 patients, 298 (79.2%) were assigned to the mild/moderate group and 109 (26.8%) 
to the severe group. The severe group included a higher percentage of patients aged 70 years or 
older (43.0% vs. 59.6%, P=0.003), injuries incurred in the daytime (72.6% vs. 82.4%, P=0.044), 
injuries from traffic accidents and falls (P=0.042), head injuries (38.6% vs. 80.7%, P<0.001), 
torso injuries (16.8% vs. 32.1%, P=0.001), overall hospital admission (28.5% vs. 82.6%, P<0.001), 
intensive care unit admission (1.7% vs. 37.6%, P<0.001), death after admission (1.4% vs. 10.3%, 
P=0.034), and total mortality (0.7% vs. 9.2%, P<0.001). The odds ratios (ORs) for injury severity 
were as follows: age 70 years or older (OR, 2.124; 95% confidence interval [CI], 1.239–3.642), 
head injury (OR, 10.441; 95% CI, 5.465–19.950), and torso injury (OR, 4.858; 95% CI, 2.495–
9.458).

Conclusion The proportions of patients aged 70 years or older, head and torso injuries, injuries 
from traffic accidents and falls, and injuries in the daytime were higher in the severe group. Our 
results highlight the need for measures to address these factors to lower the incidence of severe 
injuries.
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INTRODUCTION

Wheelchairs are an important means by which older people and 
people with disabilities who have reduced mobility can continue 
participating in the activities of daily living and engaging in social 
activities through the enablement of independent transportation.1,2 
While manual wheelchairs serve this purpose, powered wheel-
chairs and four-wheel mobility scooters, both of which are re-
ferred to as “powered mobility devices”, are now beginning to re-
place them.3-5 According to the “current needs and use of major 
assistive devices for people with disabilities”, as published by Sta-
tistics Korea, the number of powered mobility device users had 
increased from 22,000 in 2005 to 112,000 in 2014.6 As older adults 
are now more frequently utilizing powered mobility devices as a 
means of transport, the actual number of powered mobility de-
vice users is estimated to be higher than that reported.2,7

  Previous studies that examined the features of injuries among 
wheelchair users reported that a majority of injuries result from 
tips and falls from wheelchairs, with fracture, contusion, and lac-
eration of the extremities the most commonly cited injuries, and 
that severe injuries occur rarely.4,5,8-11 However, those studies are 
limited in that they only examined the overall features without 
distinguishing between manual wheelchairs, powered wheelchairs, 
and four-wheel mobility scooters, thereby failing to identify the 
unique features of injuries sustained from the use of powered 
mobility devices. Although a recent study reported on the injuries 
resulting from the use of powered mobility devices, there is a lack 
of sufficient data on the features of these injuries.12

  Accordingly, this study aimed to identify the features of pow-
ered mobility device-related injuries and identify the predictors of 
injury severity through comparisons of the features of patients 
with mild/moderate injuries and those with severe injuries, and 
ultimately explore measures aimed at the prevention of injuries 
and lowering the injury severity.

METHODS

Ethics statement
This study was performed in accordance with the Declaration of 
Helsinki and was approved by the institutional review board of 
Gachon University Gil Medical Center (GBIRB2020-162). The re-
quirement for informed consent was waived due to the retrospec-
tive nature of the study.

Data source
This study used data from the Emergency Department-based Inju-
ry In-depth Surveillance (EDIIS), which were prospectively collect-
ed from across 23 hospitals nationwide from 2011 to 2018 by the 
Korea Centers for Disease Control and Prevention. The EDIIS was 
established for the collection of information on the mechanism 
and cause of injuries among patients admitted to an emergency 
department (ED) and utilizes this information for the development 
of injury prevention and management policies. As of 2020, the EDs 
of 23 nationwide hospitals are participating in this surveillance. 
When a patient with an injury presents to the ED, healthcare pro-
viders, such as physicians, nurses, and emergency medical techni-
cians, first encode the injury-related information in a computer. A 
trained coordinator then collects the additional information based 
on the emergency care activity log, ED records, nursing records, 
and admission and discharge records and registers them in the 
comprehensive disease management system (http://is.cdc.go.kr) 
along with the information collected in the ED. The registered 
data are reviewed by the quality control team at the Korea Cen-
ters for Disease Control and Prevention, which provides feedback 
on errors, unknown data, and missing data to the hospital.13

Inclusion and exclusion criteria
We used data pertaining to powered wheelchair or four-wheel 
mobility scooter–related injuries that occurred between 2011 and 

What is already known
Past studies have shown that most injuries associated with wheelchairs result from tips and falls from wheelchairs, 
with the most common injuries including fracture, contusion, and laceration of extremities, while severe injuries are 
rare. However, the inherent features of injuries from powered mobility devices are not well studied.

What is new in the current study
Factors associated with severe injuries due to the use of powered mobility devices are patients aged 70 years or older, 
head and torso injuries, injury from traffic accidents and falls, and injuries in the daytime.
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2018 in our analysis. To this end, we initially extracted data en-
tered using the code “C1.98.05 (powered wheelchair)” or “C1.98.98 
(other specified ground transportation [including scooters for peo-
ple with disabilities])” for the cause of injury and data with injury 
descriptions including “powered wheelchair” and “four-wheel 
mobility scooter.” Data that were not pertinent to injuries sus-
tained through the use of powered mobility device, data on vehi-
cles other than powered mobility devices (such as cars for people 
with disabilities or carts for those with a handicap), data with 
missing information on whether the users of the scooters were 
elderly people or those with a disability, duplicate data, and miss-
ing data on the excess mortality ratio–adjusted injury severity 
score (EMR-ISS) were excluded.

Collected variables and definition of terms
Of the injury-related data, general parameters pertaining to the 
injury, including patients’ sex, age, time, activity and alcohol in-
take status at time of the injury, location at which the injury was 
sustained (indoor vs. outdoor), detailed accident location, cause 
of crash, and injury mechanism, and parameters related to the 
injury outcomes, including the vital signs at the ED visit, Glasgow 
Coma Scale, surgery, severity (EMR-ISS), ED outcomes, and ad-
mission outcomes, were used in the analysis.
  The accident location was simply classified as “indoor” and 
“outdoor” and more specifically as “residence” (home, nursing 
home, etc.), “roadway”, “sidewalk”, “other facilities where vehicles 
can be driven” (parking lot, mart, park, etc.), and “others”. Cause 
of crash classified into “motor vehicles” such as cars and motor-
cycles and “fixed objects” such as floors, walls, and stairs.
  The injury mechanisms were reclassified as follows, based on 
the coded data and specific descriptions pertaining to the injury: 
tips and falls, user injury caused by tipping and falling of the pow-
ered mobility device; traffic accidents, injury caused by collision 
with a moving car or motorcycle; collisions, injury caused by col-
lision with a stationary object; and falls, injury caused by falling 
on a slope with a different height.
  The EMR-ISS is a scale used for the assessment of the severity 
of an injury based on the International Classification of Diseases 
10th edition (ICD-10).14 Excess mortality ratio is calculated as the 
percentage of deaths among patients diagnosed with each ICD-
10 code against the expected mortality in the general population. 
The EMR-ISS is calculated by the summation of the squares of 
the three highest EMR grades from all the ICD-10 codes of a par-
ticular patient: EMR-ISS=(first highest EMR grade)2+(second high-
est EMR grade)2+(third highest EMR grade)2. The severity of an 
injury can be classified into four groups depending on the EMR-
ISS: mild (1<  EMR-ISS ≤8), moderate (9<  EMR-ISS ≤24), se-

vere (25<  EMR-ISS ≤74), and critical (EMR-ISS=75 or death). 
The EMR-ISS can relatively accurately predict mortality and is 
known to have a stronger discriminatory power than the more 
widely used ICD-9–based injury severity score. In this study, we 
divided patients into the following groups based on the severity of 
their injury, as assessed using the EMR-ISS: mild/moderate group 
(<25) and severe group (≥25).12,14

Primary outcomes
The primary outcomes of this study were the comparison of the 
injury-related features and treatment outcomes between the mild/
moderate and severe groups and identification of the predictors 
of injury severity.

Statistical analysis
Data were analyzed using PASW Statistics ver. 18.0 (SPSS Inc., 
Chicago, IL, USA). Continuous variables are expressed as median 
and interquartile ranges, and comparisons were performed using 
the Mann-Whitney U-test. Categorical variables are expressed as 
frequencies and percentages, and comparisons were performed 
using the chi-square test or Fisher exact test. Multivariate binary 
logistic regression analysis was used to assess the independent 
predictors of injury severity. All variables with a significance level 
<0.10 in the univariate analysis were included in the multivari-
ate logistic regression analysis. Variables with collinearity were 
excluded. The backward stepwise method was used to select the 
final model. The Hosmer-Lemeshow test was used for the assess-
ment of the goodness of fit. All statistical tests were two-sided, 
and a P-value of <0.05 was considered significant.

RESULTS

Baseline characteristics of the study population
Of the 487 patients with injuries related to the use of powered 
mobility devices, data on 80 (of which 49 did not involve an inju-
ry sustained by the driver of the powered mobility device, four in 
which vehicles other than powered mobility devices were used 
[such as cars for people with disabilities or carts for those with a 
handicap], 13 cases in which it was undetermined whether the 
users of the scooters were elderly or had a disability, six cases in 
which duplicate data were present, and eight cases in which EMR-
ISS data were missing) were excluded. Data on only 407 people 
were included in this study (Fig. 1). In total, 298 (73.2%) patients 
were assigned to the mild/moderate group and 109 (26.8%) to 
the severe group.
  Table 1 summarizes the baseline injury-related characteristics 
of the mild/moderate and severe groups. Both groups had a higher 
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percentage of male patients, and no significant differences were 
observed between the two groups in terms of sex (61.4% vs. 63.3%, 
P=0.728). The median age in the severe group was significantly 
higher than that in the mild/moderate group (67.0 [53.0–76.0] vs. 
73.0 [62.0–79.5], P<0.001). In addition, the severe group had a 
significantly higher percentage of patients aged 70 years or older. 
When patients were divided into quartiles, the injury severity sig-
nificantly increased with increasing age (Fig. 2) (P=0.001). The 
severe group had a higher percentage of daytime injuries (72.6% 
vs. 82.4%, P=0.044) and injuries caused by traffic accidents and 
falls (P=0.042).

Outcomes of the study population
Table 2 presents a summary of the injury-related outcomes in 
each group. The severe group had a significantly higher percent-

Fig. 1. Flowchart of the patient selection process. EDIIS, Emergency Department-based Injury In-depth Surveillance; PMD, powered mobility device; 
EMR-ISS, excess mortality ratio-adjusted injury severity score.

487 "Powered wheelchair"- or "four-
wheel mobility scooter"-related injuries 

recorded in EDIIS

298 Mild/moderate group 
(73.2%)

109 Severe group  
(26.8%)

80 Excluded 
49 The victim was not a PMD driver  
  4 Vehicles other than PMD (cars or carts for people with disabilities)  
13 �Undetermined whether the users of the scooters were elderly or had a disability 
  6 Duplicate records  
  8 Missing data on the EMR-ISS

407 Enrolled

Fig. 2. Relationship between injury severity and age group (P=0.001). Q, 
quartile.
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Table 1. General characteristics of the study population and the injury 
mechanisms

Variable
Mild/moderate 
group (n=298)

Severe group 
(n=109)

P-value

Sex, male 183 (61.4) 69 (63.3) 0.728

Age (yr) 67.0 (53.0–76.0) 73.0 (62.0–79.5) <0.001

Age, ≥70 yr 128 (43.0) 65 (59.6) 0.003

Time (9 a.m. to 6 p.m.) 215 (72.6) 89 (82.4) 0.044

Season 0.536

   Spring 81 (27.2) 26 (23.9)

   Summer 80 (26.8) 35 (32.1)

   Autumn 86 (28.9) 34 (31.2)

   Winter 51 (17.1) 14 (12.8)

Drunk driving 20 (6.7) 7 (6.4) 0.887

Purpose of driving, working 69 (23.2) 21 (19.3) 0.403

Accident location, outdoor 279 (93.6) 103 (94.5) 0.916

Detailed accident location 0.353

   Residence 21 (7.0) 5 (4.6)

   Roadway 194 (65.1) 71 (65.1)

   Sidewalk 59 (19.8) 18 (16.5)

   Other facilities where  
   vehicles can be driven

7 (2.3) 3 (2.8)

   Others 17 (5.7) 12 (11.0)

Crash opponents 0.381

   Motor vehicles 88 (31.3) 36 (36.0)

   Fixed objects 184 (65.5) 63 (63.0)

   Others 9 (3.2) 1 (1.0)

Mechanism of injury 0.042

   Tips and falls 141 (51.8) 40 (40.8)

   Traffic accidents 88 (32.4) 36 (36.7)

   Collisions 10 (3.7) 1 (1.0)

   Falls 33 (12.1) 21 (21.4)

Values are presented as number (%) or median (interquartile range).
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age of head and torso injuries (38.6% vs. 80.7%, P<0.001; 16.8% 
vs. 32.1%, P=0.001), while the mild/moderate group had a high-
er percentage of lower limb injuries (33.2% vs. 11.0%, P<0.001). 
The severe group had a higher rate of overall admission and in-
tensive care unit admission (28.5% vs. 82.6%, P<0.001; 1.7% vs. 
37.6%, P<0.001), as well as death after admission and total mor-
tality (1.4% vs. 10.3%, P=0.034; 0.7% vs. 9.2%, P<0.001).

Multivariate logistic regression analysis
The results of the multivariate logistic regression analysis focus-
ing on the severity of the injuries sustained from the use of pow-
ered mobility devices showed that severe injury was significantly 
associated with older age (70 years or older) (odds ratio [OR], 2.124; 
95% confidence interval [CI], 1.239–3.642), head injury (OR, 10.441; 
95% CI, 5.465–19.950), and torso injury (OR, 4.858; 95% CI, 2.495–
9.458) (Table 3).

DISCUSSION

In the present study, the proportions of patients aged 70 years or 
older, head and torso injuries, injuries from traffic accidents and 
falls, and injuries sustained in the daytime were higher in the se-
vere group. It is necessary to examine the background and cause 
of severe injuries by each of these factors and to explore measures 
to prevent severe injuries based on such examination.

Age
Age influences the quality of sensory reception and processing in 
response to external stimuli and motor capabilities. The deterio-
ration of the perceptual and cognitive abilities required for driv-
ing based on visual information increases the driver’s exposure to 
risky situations that may lead to an accident.15 Further, aging weak-
ens balance and strength performance, which in turn diminishes 
one’s torso control ability; this is speculated to increase the risk 
of secondary injury by easily pushing the user out of the device 
upon impact.16 As aging is an uncorrectable factor, measures to 
lower the incidence of accidents are needed in order to decrease 
the incidence of severe injuries among older adult users. To this 
end, environmental factors that may trigger an accident as well 
as users’ level of awareness on safe driving need to be improved; 
in particular, older adult users should be informed about the basic 
manipulation, safe use, and regular maintenance and repair of 
powered mobility devices.15,17,18 The degeneration of sensory and 
motor functions accompanying neurological and musculoskeletal 
disorders that develop with advancing age may have an impact 

Table 2. Comparison of patient between the mild/moderate and severe groups

Variable Mild/moderate group (n=298) Severe group (n=109) P-value

Systolic blood pressure (mmHg) 136.0 (120.0–155.3) 134.5 (120.0–153.8) 0.915

Diastolic blood pressure (mmHg) 80.0 (70.0–90.0) 80.0 (70.0–90.0) 0.598

Heart rate (min) 81.0 (72.0–92.0) 83.0 (73.0–96.8) 0.336

Respiration rate (min) 20.0 (18.0–20.0) 20.0 (18.0–20.0) 0.043

Body temperature (°C) 36.6 (36.3–36.8) 36.5 (36.2–36.8) 0.132

Glasgow Coma Scale score 15.0 (15.0–15.0) 15.0 (15.0–15.0) <0.001

Head injury 115 (38.6) 88 (80.7) <0.001

Spine injury 32 (10.7) 15 (13.8) 0.398

Torso injury 50 (16.8) 35 (32.1) 0.001

Upper extremities injury 63 (21.1) 24 (22.0) 0.848

Lower extremities injury 99 (33.2) 12 (11.0) <0.001

Surgery 40 (13.4) 15 (13.8) 0.929

Admission 85 (28.5) 90 (82.6) <0.001

ICU admission 5 (1.7) 41 (37.6) <0.001

Death in ED 1 (0.3) 2 (1.8) 0.176

Death after admission 1 (1.4) 8 (10.3) 0.034

Death (overall) 2 (0.7) 10 (9.2) <0.001

Values are presented as median (interquartile range) or number (percentage).
ICU, intensive care unit; ED, emergency department.

Table 3. Multivariate logistic regression analysis of the independent 
factors associated with powered mobility device-related injury severity

Variable Odds ratioa)
95% confidence interval

Lower Upper

Sex, male 1.370 0.788 2.384

Age, ≥70 yr 2.124 1.239 3.642

Head injury 10.441 5.465 19.950

Torso injury 4.858 2.495 9.458

Variables included in this analysis were sex, age (≥70 yr), head injuries, torso in-
juries, and injury mechanism (falls).
a)Calculated using backward stepwise logistic regression analysis.
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on disease severity. However, we could not determine the correla-
tion between the presence of disease and injury severity due to 
the lack of information on comorbidities in our data. Therefore, 
additional studies should be conducted to examine whether age 
and the presence of underlying disease are independent variables 
that are correlated with injury severity.

Head and torso injuries
The higher percentage of head and torso injuries observed in the 
severe group may be attributed to the fact that the injured areas 
tend to include body parts that are essential for the maintenance 
of stable vital signs, such as the brain and internal organs. There-
fore, the use of protective devices for the head and torso may be 
effective in lowering the incidence of severe injuries. Helmets are 
known to reduce the incidence and severity of brain damage from 
accidents involving mobility devices used in a similar environment, 
such as bicycles and motorcycles.19,20 Furthermore, the use of seat 
belts lowers the incidence and severity of injury by reducing the 
possibility of secondary injury and preventing users from being 
pushed off the mobility device upon impact.21-23 According to the 
“Ministry of Food and Drug Safety Notification 2019-61, Stan-
dard specifications for medical devices, Schedule 2. ‘48. Powered 
wheelchairs and medical scooters”, seat belts are not mandatory 
when driving a powered mobility device.24 In fact, a survey con-
ducted among Korean users reported that more than 70% of us-
ers do not wear a seat belt.4 To reduce the severity of injuries, the 
use of protective devices such as helmets and seat belts should 
be strongly recommended.

Traffic accidents
According to the Road Traffic Act, powered mobility device users 
are considered pedestrians and these devices are only allowed to 
be operated on sidewalks.25 However, the uneven, cracked, and 
sunken surfaces of some block-paved sidewalks, presence of trees 
lining the street and standing signboards, and certain road facili-
ties may hinder the use of powered mobility devices, causing ac-
cidents.5,26 Due to these factors, users operate powered mobility 
devices on the road instead of the sidewalk, and consequent col-
lisions with cars and motorcycles lead to severe injuries. To pre-
vent such injuries, sidewalks should be altered to enable easy 
powered mobility device use, and users should be educated about 
traffic laws and safe driving. Furthermore, it may be helpful to 
install reflectors or lights on powered mobility devices to allow 
for automobile drivers to easily detect them. While we were un-
able to obtain official statistics pertaining to traffic accidents in-
volving powered mobility devices in South Korea, our data analy-
sis revealed that traffic accidents account for 30.5% of all inju-

ries, and that the percentage of injuries caused by traffic acci-
dents increases every year, having risen from 10.5% in 2011 to 
24.2% in 2014 and 35.0% in 2018. Recently, the illegal driving of 
powered mobility devices on the road and consequent traffic ac-
cidents have emerged as social problems. In addition to perform-
ing an accurate statistics survey on relevant accidents, future 
studies should compare the injury-related features and outcomes 
with those related to the use of other similar modes of transport, 
such as bicycles and motorcycles, as well as those among pedes-
trians.

Falls
Compared to other types of injuries, falls involve a greater impact; 
this may be the reason for the higher percentage of falls in the 
severe group. A detailed analysis of our data revealed that falls 
generally occur on stairs (29.1%) and farm roads (25.5%). A pre-
vious study found that stairs are associated with fatal wheelchair-
related injuries.27 These results highlight the need to expand the 
proportion of accessible facilities such as entryways, lifts, or ele-
vators for powered mobility devices. As most farm roads are not 
paved, roads with uneven surfaces and unclear boundaries be-
tween a level ground and steep slope potentially cause accidents. 
Particularly, farm roads are frequently utilized by older adult users 
in agricultural areas; hence, it is necessary to maintain these roads 
to make them powered mobility device-friendly and reduce the 
severity of any injuries.

Daytime injuries
A previous study observed that the rate of severe injuries is high 
among male patients between the ages of 6 and 17 years, which 
is a period marked by a high level of involvement in outdoor sports 
and social activities.8 The high percentage of daytime injuries in 
the severe group in our study is also believed to be due to the fact 
that occupational activities, routine daily activities, and leisure 
activities are frequently performed during the day. Furthermore, a 
substantial percentage of the severe injuries observed in associa-
tion with traffic accidents may be due to the presence of higher 
levels of traffic during the day.
  This study has some limitations. First, we used data collected 
nationwide during a specific period; the retrospective analysis of 
this data may be susceptible to patient selection bias. Second, the 
data used in this study were collected from 23 large hospitals 
nationwide, and hence, the overall severity of the injuries and in-
cidence of injury mechanisms correlated with severe injuries may 
have been overestimated. Third, multiple terms were used to refer 
to powered mobility devices, such as powered wheelchairs, scoot-
ers for people with disabilities, electric mobility scooters, and four-
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wheel mobility scooters, in the EDIIS; therefore, some data may 
have been omitted in the search.
  In summary, the percentages of patients aged 70 years or older, 
head and torso injuries, injuries from traffic accident and falls, and 
injuries sustained during the day were higher in the group of pa-
tients with severe injuries in association with powered mobility 
device use. To lower the rate of severe injuries, it is important to 
provide education on basic device manipulation, safe driving, reg-
ular maintenance and repair, and traffic laws; to strongly recom-
mend the use of protective devices such as helmets and seat belts; 
and to improve the conditions of frequently used sidewalks and 
farm roads to be powered mobility device-friendly.
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