
Contents lists available at ScienceDirect

Journal of Orthopaedics

journal homepage: www.elsevier.com/locate/jor

Historical and projected fractures associated with mobility scooters
presenting to U.S. emergency departments: 2004–2025
Kevin Pirruccioa,∗, Matthew Sloanb, Neil P. Shethc
a Perelman School of Medicine, University of Pennsylvania, 3400 Spruce Street, Philadelphia, PA, 19104, USA
bDepartment of Orthopaedic Surgery, University of Pennsylvania, 3737 Market Street, 6th Floor, Philadelphia, PA, 19104, USA
c Department of Orthopaedic Surgery University of Pennsylvania, 800 Spruce Street, 8th Floor Preston Building, Philadelphia, PA, 19107, USA

A R T I C L E I N F O

Keywords:
Mobility scooter
Fracture
Epidemiology
Trends
Burden
Total joint replacement
Osteoarthritis
Surgical candidate
Arthroplasty

A B S T R A C T

Introduction: The proportion of mobility scooter users in the United States continues to rise. However, these
devices impart a substantial yet underappreciated risk of serious injury – namely, fractures – on users.
Methods: The purpose of this cross-sectional, retrospective study was to use the National Electronic Injury
Surveillance System (NEISS) to quantify the national burden of these device-associated fractures between 2004
and 2017, analyzing in two-year intervals. We also projected estimates to 2025, and described the demographic
characteristics of those injured.
Results: We found that national estimates of device-associated fractures increased significantly between the
2004–2005 (N=2583; C.I. 1851 - 3316) and 2016–2017 (N=6553; C.I. 5026 - 8081) periods (p < 0.001). A
linear regression model (R2=0.89; P= 0.002) was applied to project 9824 such fractures (C.I. 8273–11,328) in
the 2024–2025 period. Injured patients were commonly over age 65 (63.5%; C.I. 57.7%–69.4%) and white
(61.4%; C.I. 50.7% - 72.1). Fractures often occurred at home (28.6%; C.I. 22.0%–35.3%) or in public (26.0%; C.I.
21.1%–30.9%).
Conclusion: Our study suggests that osteoarthritic patients relying on mobility scooters to manage pain during
ambulation should be considered candidates for total joint replacement procedures. This may help minimize the
growing economic and health burden of mobility scooter fractures.

1. Introduction

Mobility scooter use has risen substantially in the United States, in
parallel with an aging population, an increasing prevalence of obesity,
and other risk factors for hip and knee osteoarthritis.1–5 Patients pri-
marily begin incorporating these devices into their daily lives when
they can no longer ambulate effectively or without pain; the majority of
users report having trouble performing tasks both at home and related
to their occupations.2 Mobility scooter users are most frequently older,
non-white, female adults who are obese and have multiple comorbid-
ities.1,6 Importantly, users’ ability to engage in social activities is often
dependent on their environment and the infrastructure in place that
may facilitate device accessibility.7–9

Despite their ubiquity, significant concerns regarding the safety of
mobility scooters remain at the forefront of debate.10 Specifically, users
may be more at risk for experiencing a fall that leads to significant
injury.11 For example, fractures of the upper and lower extremities
make up roughly half of all mobility scooter injuries, and the risk for

injury in general is heightened among novice users.11–13 Other studies
have shown that about 15% of mobility scooter injuries can be classi-
fied as “severe trauma,” with the rare but real potential consequence of
death.14,15 Given these risks, it is imperative that efforts are undertaken
to better characterize the trends in health burden associated with and
expected to result from an increasing propensity for patients to use
mobility scooters.

In this study, we reported national estimates and demographic
characteristics of patients presenting to emergency departments in the
United States between 2004 and 2017 with fractures related to mobility
scooter use. In addition, we projected scooter-associated fracture esti-
mates between 2017 and 2025. We hypothesized that the total estimate
of fractures associated with mobility scooter use has been increasing
over time given the annual rise in device use and obesity prevalence.
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2. Methods

2.1. Data source

This cross-sectional descriptive epidemiological study identified
cases of fractures associated with mobility scooter use in the Consumer
Product Safety Commission's (CPSC) National Electronic Injury
Surveillance System (NEISS). The CPSC webpage provides publicly
available data collection methodologies and general information per-
taining to this nationally representative probability sample of hospital
emergency departments, which is further stratified by both hospital size
and geographic location.16–18 The NEISS sample includes data entered
daily from injuries presenting to approximately 100 designated hospital
emergency departments, termed “the sampling frame.” This serves as a
probability sample of all U.S. hospitals with emergency departments.

The sampling frame is classified by five strata based on total
emergency department visits (EDVs): strata one through four represent
hospitals with less than or equal to 16,830 EDVs, 16,831 to 28,150
EDVs, 28,151 to 41,130 EDVs, and greater than or equal to 41,130
EDVs, respectively; a fifth stratum is assigned to emergency depart-
ments at children's hospitals. Based on these strata, weighted estimates
are assigned to presenting cases such that national estimates and sam-
pling errors for queried injuries may be derived. These weighted esti-
mates incorporate annually adjusted ratios ensuring both that all
sampled hospitals implemented proper data collection methodologies,
as well as that estimates and sample errors remain accurate despite
variation in EDVs within a given year.

Variables included in the NEISS database include: the date of
treatment; the case record number; the age, gender, race and ethnicity
of the patient; the injury diagnosis; the body part affected by the injury;
disposition (treated and released, admitted, etc.); the product involved
(if any) in the injury; the location where the injury occurred; whether
fire or motor vehicles were involved in the injury; whether the injury
was work-related; whether the injury was intentionally inflicted; a
narrative of the incident and scenario leading to the injury.

In this study, each yearly sample in the NEISS database was queried
between 2004 and 2017 for all injuries classified as fractures and as-
sociated with mobility scooter use (Product Code: 1744). Case narra-
tives were then individually analyzed to ensure that the injury occurred
while using the cart, as opposed to a non-user being struck by a cart;
data prior to 2004 was omitted due to inaccuracies related to identi-
fying users versus non-users in the narrative sections of the NEISS da-
tabase. Following exclusion criteria from the narrative sections, 668
unique cases of fractures associated with mobility scooter use were
observed in the NEISS database, yielding a total estimate of 28,984 total
national cases presenting to United States emergency departments.

Data was analyzed in two-year intervals to ensure sufficient statis-
tical power and stable estimates. National estimates, standard errors,
and 95% confidence intervals were derived using calculated survey
estimates. All statistical analyses were performed using Stata/IC 15.1
(StataCorp, College Station, TX).19 Significance of trends in the total
national survey estimates were determined using adjusted Wald tests. P
values < 0.05 (two-sided) were considered significant.

2.2. Sources of funding

This study received no external funding support, and was exempt
from IRB review given the use of deidentified, publicly available data
on a government website.

3. Results

Trends in the estimated national number of fractures associated
with mobility scooter use presenting to emergency departments in the
United States in two-year intervals between 2004 and 2017 are de-
picted in Table 1. There was a significant increase in the national

estimate of fractures associated with mobility scooter use between the
2004–2005 (N=2583; C.I. 1851 - 3316) and 2016–2017 (N=6553;
C.I. 5026 - 8081) periods (p < 0.001). Fig. 1 uses a linear regression
model (R2= 0.89; P= 0.002) to illustrate a steady increase in the es-
timate of fractures associated with mobility scooter use presenting to
United States emergency departments across time. Data from this model
was extrapolated to project an additional 8 years into the future to the
year 2025 (Fig. 2). The number of fractures associated with mobility
scooter use is projected to increase from 6553 in the 2016–2017 period
to 9824 (C.I. 8273–11,328) in the 2024–2025 period.

The demographic characteristics of the overall population of pa-
tients presenting to a United States emergency department with a
fracture associated with mobility scooter use between 2004 and 2017
are shown in Table 2. Fractures most often occurred in the lower ex-
tremity (36.9%; C.I. 32.5%–41.3%) or trunk (36.9%; C.I.
31.4%–42.5%), with just under one-quarter occurring in the upper
extremity (22.3%; C.I. 17.6%–26.9%) and a statistically insignificant
portion involving the head and neck. The vast majority of presenting
patients were over the age of 65 (63.5%; C.I. 57.7%–69.4%) and non-
Hispanic white (61.4%; C.I. 50.7% - 72.1). There was no significant
difference between the proportion of males (47.5%; C.I. 42.9%–52.0%)
versus females (52.5%; C.I. 48.0%–57.1%). Most frequently, patients
were either treated and released (54.5%; C.I. 47.7%–61.4%) or ad-
mitted to the hospital (39.0%; C.I. 31.7%–46.2%). Fractures commonly
occurred at home (28.6%; C.I. 22.0%–35.3%) or in public (26.0%; C.I.
21.1%–30.9%), though it is notable that about one-third of cases oc-
curred in an unknown location (31.3%; C.I. 23.1%–39.4%).

4. Discussion

In this study, we found that the national number of fractures asso-
ciated with mobility scooter use presenting to US emergency depart-
ments has increased significantly over time; in the 2004–2005 period,
about 1200 cases presented per year, while in the 2016–2017 period,
this value rose to nearly 3300 cases per year. We found that annual
estimates of fractures in mobility scooter users are expected to increase
over time, projected to reach about 5000 cases per year by 2025. Lastly,
the demographic characteristics of presenting patients indicate sig-
nificant risk to the trunk and extremities, especially for an elderly po-
pulation most vulnerable to the consequences of severe injuries such as
fractures.

These findings implore clinicians and researchers to identify treat-
ment regimens that not only alleviate patients’ pain, but also restore
their ability to ambulate. By striving to help patients achieve in-
dependence from mobility scooters, clinicians can help minimize ex-
posure to a significant and increasing source of injury risk. Foremost,
patients should receive appropriate safety training prior to commencing
use of a mobility scooter. Another potential means for mitigating mo-
bility scooter-related risk may be through the use of total joint ar-
throplasty (TJA), as osteoarthritis is the leading cause of mobility
scooter use in the United States. Nearly 15.2% of individuals over the
age of 65 who use a mobility scooter require the device directly due to

Table 1
Weighted national estimates of fractures associated with mobility scooter use
presenting to emergency departments in the United States, 2004–2017.

Years National Estimate
of Cases

Standard
Error

95% Confidence Interval

2004 – 2005 2583 367 1851 – 3316
2006 – 2007 1906 300 1308 – 2504
2008 – 2009 2816 548 1722 – 3909
2010 – 2011 4224 518 3190 – 5258
2012 – 2013 4351 443 3467 – 5235
2014 – 2015 6551 892 4771 – 8330
2016 – 2017 6553 765 5026 – 8081
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pain from osteoarthritis.2 Given that osteoarthritis is the most common
indication for TJA, patients that use a mobility scooter to manage os-
teoarthritic pain should be considered candidates for TJA since they are
at an increased risk for scooter-related injuries (e.g. fractures).

The potential health burden that TJA could alleviate for eligible
surgical candidates using mobility scooters would likely prove to be
impressive given the successful functional outcomes of the procedure.
For example, Walker et al. showed that patients who underwent total
knee replacements for osteoarthritis had an average increase in am-
bulation of about 80%.20 Dalury et al. also demonstrated that following
TJA, about 75% of individuals previously using a walking aid (in-
cluding wheelchairs) no longer required them.21 A study by McAuley
et al. demonstrated that up to 85% of patients with limited pre-opera-
tive range of motion undergoing total knee replacement were able to
walk with less pain and without the use of a wheelchair post-
operatively.22 The benefits of TJA for individuals using a mobility
scooter, especially due to osteoarthritis, merits consideration for those
of acceptable medical risk.

Even when considering the demographic most commonly affected
by fractures related to mobility scooter use –individuals age 65 years
and older – there is tremendous potential for restoration of independent
ambulation and reduced injury risk. Gell et al. showed that 815,000
adults 65 years and older (2.3% of adults in this age category) used a
mobility scooter in 2011.1 As previously referenced, it is expected that
approximately 15% of these users required the scooter due to pain or
immobility from osteoarthritis. If this cohort had elected to undergo
TJA surgery, about 100,000 patients would be expected to achieve
device independence. This would significantly minimize the at-risk
population for fractures associated with mobility scooter use while si-
multaneously alleviating pain and advancing patients towards more
healthful activity levels.

This study has several limitations related to the case collection
methodologies and overall structure of the NEISS sample frame. Most
importantly, the database only reports injuries presenting to emergency
departments. Fractures that were first diagnosed or treated outside of the
emergency department, such as at an urgent care clinic or an inpatient
setting, are not captured by the present study. Therefore, we consider our
findings to represent conservative national estimates of mobility scooter
fracture burden. Second, the NEISS database does not distinguish be-
tween injuries caused while physically using mobility scooters, versus
those occurring to a bystander (for example, someone who was struck by
a scooter in public). Efforts were made using the narrative section of the
database to exclude such entries from analysis, though it cannot be ruled
out that such cases were unintentionally included.

Lastly, the data does not contain important demographic variables or
cost data, which would have allowed for analysis pertaining to how factors
such as BMI might affect risk or severity of injury, as well as the national
cost burden of fractures related to mobility scooter use. Given the wide
variety of fractures and missing information about subsequent surgical or
nonsurgical treatment approaches, as well as uncertainty regarding the
prevalence of regular scooter usage by individuals, cost multipliers could
not reliably be employed to derive estimates of economic burden.

Mobility scooters have become increasingly popular in the United
States. These mobility assistive devices impart significant freedom and
improvement in quality of life to those recovering from surgery or
unable to ambulate independently for various reasons. However, de-
pendence on scooters comes with risk: injuries from the use of mobility
scooters abound, from simple lacerations to severe fractures and even
death. While often an excellent short-term option for mobility, clin-
icians should help patients develop a long-term goal of independence
from the scooters to minimize individual injury risk. This is especially
true when the reason for long-term mobility scooter use is due to a

Fig. 1. This graph demonstrates the in-
creased trend in fractures associated with
mobility scooter use across two-year inter-
vals using a linear regression model
(R2=0.89, P= 0.002), at a rate of about
812 additional cases in each consecutive
interval period. The blue, filled circles re-
present the estimates previously shown in
Table 1. The linear regression is demon-
strated using the dashed, black colored line.

Fig. 2. This figure extends the regression
model from Fig. 1 to the 2024–2025 in-
terval period, to demonstrate that the na-
tional estimate of cases would approach
10,000 in said period. The blue crosses re-
present historical estimates, which are
identical to those plotted and described in
Table 1 and Fig. 1. The blue, filled triangles
represent our projected estimate of cases.
The linear regression is demonstrated using
the dashed, black colored line. The blue line
connecting both historical and projected
estimates is meant to illustrate goodness-of-
fit with respect to our model.
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condition such as osteoarthritis of the hip and knee, which is treatable
through surgical intervention. Patients who rely on mobility scooters to
manage joint pain during ambulation should be considered candidates
for TJA. In doing so, the growing economic and health burden of mo-
bility scooter injuries may be more effectively curtailed.

Appendix A. Supplementary data

Supplementary data related to this article can be found at https://
doi.org/10.1016/j.jor.2019.03.011.
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Table 2
Overall demographics of patients presenting to emergency departments in the
United States with fractures associated with mobility scooter use, 2004–2017.

Demographic Variable Percentage Standard
Error

95% Confidence Interval

Anatomical Location of Fracture
Head and Necka 3.9%
Upper Extremity 22.3% 2.3% 17.6% – 26.9%
Lower Extremity 36.9% 2.2% 32.5% – 41.3%
Trunk (Including Hip,
Spine, Ribs)

36.9% 2.8% 31.4% – 42.5%

Age
0–18 Yearsa 2.6%
19–64 Years 33.9% 3.0% 27.9% – 39.9%
65 Years and Older 63.5% 2.9% 57.7% – 69.4%

Sex
Male 47.5% 2.3% 42.9% – 52.0%
Female 52.5% 2.3% 48.0% – 57.1%

Race
White 61.4% 5.4% 50.7% – 72.1%
Black 4.5% 1.3% 2.0% – 7.0%
Othera 0.5%
Hispanica 2.3%
Race Not Specified 31.1% 6.0% 19.0% – 43.2%

Disposition
Treated and Released 54.5% 3.4% 47.7% – 61.4%
Treated and
Transferred

5.1% 1.2% 2.7% – 7.5%

Treated and
Admitted

39.0% 3.6% 31.7% – 46.2%

Location
Unknown 31.3% 4.1% 23.1% – 39.4%
Home 28.6% 3.3% 22.0% – 35.3%
Street 12.7% 2.3% 8.1% – 17.3%
Public 26.0% 2.5% 21.1% – 30.9%
Sportsa 1.2%

a The estimate is considered to be potentially unstable due to the number of
unweighted cases from the sample frame totaling<20, the weighted national
estimate totaling<1200, or coefficient of variation>33%. Therefore, no
standard errors or confidence intervals are provided; the unstable percentage
estimate is provided for reference purposes only. Variable results with sample
frame totals< 20 cases or percentages< 0.1% were omitted from this table,
resulting in percentage totals not necessarily summing to 100%.
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