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ABSTRACT
A
C

OBJECTIVE: To describe the incidence, rate, and characteris-
tics of injuries associated with strollers and carriers among
young children in the United States.
METHODS: A retrospective analysis was conducted using data
from the National Electronic Injury Surveillance System for
children 5 years of age and younger treated in emergency de-
partments (1990–2010), who sustained an injury associated
with a stroller or carrier.
RESULTS: An estimated 360,937 (95% confidence interval:
294,279–427,594) children aged 5 years or younger were
treated in emergency departments for stroller- or carrier-
related injuries, an average of 17,187 annually. Overall, the
rate of stroller- and carrier-related injuries decreased signifi-
cantly during the study period. Regarding stroller-related in-
juries, patients were most commonly male (52.4%) and
younger than 1 year of age (42.0%); the head (43.0%) and
face (31.0%) were most commonly injured. The most common
diagnoses were soft tissue injuries (39.4%) and traumatic brain
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injuries/concussions (24.6%). Similarly, for carrier-related in-
juries, patients were most commonly male (52.5%) and younger
than 1 year of age (89.0%); the head (61.5%) and face (24.7%)
were most commonly injured. The most common diagnoses
were soft tissue injuries (48.1%) and traumatic brain injuries/
concussions (34.9%). Carrier-related injuries resulted in more
hospitalizations (6.5%) than stroller-related injuries (2.4%).
CONCLUSIONS: Stroller- and carrier-related injuries, specif-
ically those resulting from falls from the product or tip-overs,
are important sources of injury for children 5 years of age and
younger. Although injuries over the 21-year study period
decreased overall, the considerable number of injuries annually
shows the need to further reduce the potential for injury associ-
ated with these ubiquitous products.

KEYWORDS: carriers; falls; injury; National Electronic Injury
Surveillance System; strollers; traumatic brain injury
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WHAT’S NEW

Despite industry safety monitoring of strollers and car-
riers, including product recalls, updates to
manufacturing standards, and product testing, patterns
of injury associated with strollers and carriers are
similar to those identified more than a decade ago.

STROLLERS AND CARRIERS are ubiquitous and in-
tended to provide a safe and secure means to transport chil-
dren and are regularly used by caregivers in the United
States. Despite updates to voluntary manufacturer stan-
dards, recalls issued by the US Consumer Product Safety
Commission (CPSC), and improvements in product design,
strollers and carriers are frequently associated with injuries
in children. From 1990 through 2010, the US CPSC issued
43 stroller-related recalls and 13 infant carrier-related re-
calls for injury risks that included falls, entrapment,
strangulation or choking hazards, amputations, and lacera-
tions,1 clear evidence that strollers and carriers pose a
significant risk for injury. In 2010, stroller- and carrier-
related injuries were 2 of the 3 most common “nursery”
product-related injuries in children younger than 5 years
of age treated in US emergency departments (EDs), with in-
fant carriers/car seat carriers as the most common followed
by cribs/mattresses and strollers/carriages.2

Stroller- and carrier-related injuries occur most
commonly among children 1 year of age or younger2

because both are products widely used by caregivers to
transport and/or secure young children while traveling dur-
ing outings, errands, and everyday activities. Carriers
might include devices worn on the adult, handheld carriers,
and carriers that are part of a detachable carrier-stroller
unit.3–6 Previously published studies have shown that
falls represent a major mechanism for stroller- and
carrier-related injuries.3–7 Most injuries are caused by
falls, many of which result in traumatic brain injury
(TBI) or less severe head injuries.2

To our knowledge, this is the first study to report national
estimates and population-based rates for stroller- and
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carrier-related injuries treated in US EDs among children 5
years of age or younger over a 21-year period and to
describe patterns of these injuries. The goal of this research
is to provide accurate information that can be used as the
basis for evidence-based decisions and policies to reduce
stroller- and carrier-related injuries.

METHODS

DATA SOURCE

The National Electronic Injury Surveillance System
(NEISS), established in 1972 by the US CPSC,8,9

provides data on consumer product and sports-related in-
juries treated in US EDs. Data are collected from a network
of approximately 100 hospitals representing a stratified
probability sample of 6100 hospitals (including urban, sub-
urban, rural, and children’s hospitals) with 6 or more beds
and a 24-hour ED and are weighted to yield national injury
estimates. At sampled hospitals, ED medical charts are re-
viewed by professional NEISS coders, and information
including the patients’ age and sex, injury diagnosis,
body part injured, locale where the injury occurred, prod-
uct(s) involved, and disposition from the ED, as well as a
narrative describing the incident, are captured. Data from
the US Census Bureau10,11 were used to calculate injury
rates per 10,000 children 5 years of age and younger.

CASE SELECTION CRITERIA

All injuries among patients 5 years of age and younger
associated with strollers (NEISS product codes 1505 and
1522) and carriers (NEISS product codes 1524, 1527,
1531, 1548, and 1549) from January 1, 1990 through
December 31, 2010 were reviewed. A total of 12,811 cases
were reviewed. Inclusion and exclusion criteria and addi-
tional categories beyond those recorded by the NEISS
were developed after a review of a subset of narratives.
Case narratives were individually reviewed to ensure
they involved a product of interest. Ambiguous narratives
and a subset of narratives were reviewed by 1 or more au-
thors, and consensus was reached. A total of 701 cases
were excluded because the narratives revealed that the
injury was not directly related to a stroller or carrier (eg,
“patient stung by bee on torso while in stroller”), the final
diagnosis did not include an injury (eg, “no injury noted
when fell from infant carrier”), or the case was a duplicate.
Five fatalities were excluded from analysis in this study
including 3 fatalities in which the child was hit by a car
while strapped in the stroller, 1 fatality coded as trauma
with unclear circumstances, and 1 cardiac arrest with un-
clear circumstances. A total of 12,105 actual cases re-
mained in the data set and were included in these analyses.

VARIABLES

Existing NEISS variables were regrouped in the
following categories. Patients were categorized according
to age (younger than 1 year, 1 year, and 2–5 years of age).
Body part injured was grouped according to region into cat-
egories of head, face (including face, eyeball, ear, and
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neck), mouth, upper extremities (including shoulder, upper
arm, elbow, lower arm, and wrist), hand/digits (including
hand and finger), trunk (including upper trunk, lower trunk,
and pelvic region), lower extremities (including upper leg,
knee, lower leg, ankle, foot, and toe), and other (including
“25%–50% of the body” and “all parts of the body”). Injury
diagnoses were grouped into the categories of TBIs and/or
concussions (including fractures and internal injuries to
the head, and concussions),12 fractures and/or dislocations,
soft tissue injuries (including contusions, abrasions, hema-
tomas, crushing injuries, and hemorrhages), lacerations
and/or avulsions (including lacerations, punctures, and
avulsions), and other (including amputations, anoxia, aspi-
rated foreign objects, dental injuries, foreign bodies, in-
gested foreign objects, internal organ injuries other than to
the head, nerve damage, poisonings, strains and sprains,
submersions, and other). The location where the injury
occurred was categorized as home (including home/apart-
ment/condo, farm/ranch, and mobile/manufactured home),
street and/or highway, or other (including industrial place,
place of recreation or sports, school, or other public prop-
erty). Disposition was categorized as not hospitalized
(including treated and released or left against medical
advice) and hospitalized (including treated and transferred
to another hospital, treated and admitted for hospitalization,
and held for observation <24 hours). The variable sex was
used as reported. Case narratives were used to generate 3
new variables: general mechanism of injury (contact with
the ground, contact with the stroller or carrier, contact
with an object other than the stroller or carrier, and other),
specific mechanism of injury (product tipped over, patient
fell from product, product malfunctioned or collapsed, pa-
tient tripped over product, extremity entrapment, and colli-
sion while in the product), and sibling or other child
involvement (yes or no). General mechanism of injury
was able to be coded for 97.8% of cases and specific mech-
anism for 97.5% of cases.

STATISTICAL ANALYSES

Data were analyzed using IBM SPSS Statistics Complex
Samples Module version 22 (IBM Corp, Armonk, NY). A
sample weight was assigned to each case by the CPSC on
the basis of the inverse probability of selection, and
weights were used to generate national estimates. All sta-
tistical analyses accounted for the complex sampling frame
of the NEISS. Odds ratios (ORs) with 95% confidence in-
tervals (CIs) were calculated using contingency tables to
assess the strength of association between demographic
and injury characteristics of interest. Chi-square tests
were used to compare proportions of injury according to
diagnosis and mechanism of injury. Statistical significance
was assessed by using a ¼ .05. Intercensal population es-
timates used to calculate injury rates were derived from
the US Census Bureau.10,11 Trend significance of the
number of stroller- and carrier-related injuries over time
was analyzed using Poisson regression. National estimates
were on the basis of weighted data for 12,105 patients 5
years of age or younger treated for injuries associated
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with strollers and carriers. All data reported are national es-
timates unless specified as actual unweighted data. This
study was approved by the Nationwide Children’s Hospital
institutional review board.
RESULTS

Overall, an estimated 360,937 (95% CI, 294,279–
427,594) children aged 5 years of age and younger were
treated in US EDs for a stroller- or carrier-related injury
from 1990 through 2010, an average of 17,187 injuries
per year. Most patients were male (52.4%), younger than
1 year of age (54.9%), and were not hospitalized (96.5%)
for their injuries.

STROLLER-RELATED INJURIES

INCIDENCE, INJURY RATES, AND DEMOGRAPHIC

CHARACTERISTICS

An estimated 261,879 (95% CI, 204,095–319,664)
stroller-related injuries among children 5 years of age or
younger were treated in US EDs from 1990 through 2010
(Table 1). Overall, the rate of stroller-related injuries
decreased from 5.3 per 10,000 children in 1990 to 4.8
per 10,000 children in 2010 (P < .001; Fig. 1). However,
there was an increase in stroller-related injuries from
1990 to 1991 as well as from 2007 to 2008 (Fig. 1). Patients
5 years of age and younger treated in EDs for a stroller-
related injury were most commonly male (52.4%) and
younger than 1 year of age (42.0%). Of the cases for which
location of injury was reported (n ¼ 4868), 61.3% of the
injuries occurred in the home and 11.8% occurred on the
street and/or highway.

BODY REGION, DIAGNOSIS, AND DISPOSITION

The most commonly injured body regions were the head
(43.0%), face (31.0%), and mouth (12.5%), and the most
common diagnoses were soft tissue injuries (39.4%),
TBIs/concussions (24.6%), and lacerations/avulsions
(24.6%; Table 1). The most common injuries to the face
(61.3%), trunk (56.1%), and lower extremities (47.9%)
were soft tissue injuries and the most common injuries to
the mouth (68.9%) and hand/digits (39.7%) were lacera-
tions/avulsions. Most upper extremity injuries were
fracture/dislocations (58.1%). The proportion of stroller-
related TBIs more than doubled over the study period
from 19.2% in 1990 to 41.8% in 2010 (P ¼ .001), and re-
placed soft tissue injuries as the most common stroller-
related injury diagnosis beginning in 2007 (Fig. 2A).
Most injuries were minor, with only 2.4% requiring hospi-
talization. TBIs/concussions accounted for 65.2% of
stroller-related hospitalizations.

MECHANISM OF INJURY

Contact with the ground (78.7%) was the most common
general mechanism of injury followed by contact with the
stroller (14.2%), contact with other objects (5.2%), and
other (0.6%). More specifically, patients fell from strollers
(66.8%), the stroller tipped over (15.5%), the patient
FLA 5.4.0 DTD � ACAP880_proof � 1
tripped over the stroller (8.8%), the patient caught an ex-
tremity in the stroller (5.0%), the patient was involved in
a collision while in the stroller (2.8%), or the product mal-
functioned or collapsed, entrapping the patient (1.1%). The
proportion of injuries sustained by falling from strollers
decreased from the beginning of the study period
(76.5%) to the end of the study period (58.4%; P ¼ .001)
but remained the most common specific mechanism of
injury. The proportion of tip-overs while the patient was
in the stroller increased from 10.0% to 23.1% (P ¼ .003)
(Fig. 3A). Involvement of a sibling and/or other children
was explicitly stated in the case narrative in 4.1% of all
stroller-related injuries.

DIFFERENCES ACCORDING TO AGE

Most injuries among patients younger than 1 year of age
(92.6%), 1 year (85.4%), and 2 to 5 years of age (77.6%)
were to the head, face, or mouth (Table 2). Patients 1
year of age (6.1%; OR, 2.81; 95% CI, 1.89–4.17) and 2
to 5 years of age (9.1%; OR, 4.35; 95% CI, 3.02–6.26)
more often sustained injuries to the hands/digits than pa-
tients younger than 1 year (2.2%). Patients younger than
1 year more often sustained TBI/concussions (34.3%)
than patients 1 year of age (17.9%; OR, 2.40; 95% CI,
1.93–2.97) and those aged 2 to 5 years (17.3%; OR, 2.49;
95% CI, 1.90–3.26). Conversely, patients 1 year of age
(32.2%; OR, 3.91; 95% CI, 3.20–4.79) and 2 to 5 years
of age (38.1%; OR, 5.06; 95% CI, 4.09–6.27) more often
sustained lacerations/avulsions than patients younger
than 1 year of age (10.8%). Among patients younger than
1 year of age, 3.1% were hospitalized compared with
1.7% of patients 1 year of age (OR, 1.81; 95% CI, 1.27–
2.58) and 1.9% of patients aged 2 to 5 years (OR, 1.64;
95% CI, 1.13–2.40). Patients younger than 1 year more
often sustained injury from contact with the ground
(87.5%) compared with patients 1 year of age (76.2%;
OR, 2.19; 95% CI, 1.82–2.64) and 2 to 5 years of age
(66.3%; OR, 3.57; 95% CI, 2.98–4.27). The most common
specific mechanism of injury for patients younger than 1
year (69.7%), 1 year of age (68.4%), and 2 to 5 years of
age (58.8%) was falling from the stroller.

CARRIER-RELATED INJURIES

INCIDENCE, INJURY RATES, AND DEMOGRAPHIC

CHARACTERISTICS

An estimated 99,057 (95% CI, 85,815–112,300)
carrier-related injuries among children 5 years of age or
younger were treated in US EDs from 1990 through
2010 (Table 1). The rate of carrier-related injuries
decreased from 3.0 per 10,000 children to 1.0 per
10,000 children over the same time period (P ¼ .007;
Fig. 1). Patients treated were most commonly male
(52.5%), younger than 1 year of age (89.0%), and injured
at home (78.5%).

BODY REGION, DIAGNOSIS, AND DISPOSITION

The most commonly injured body regions injured were
the head (61.5%) and face (24.7%), and the most
7 August 2016 � 10:33 am � ce CC



Table 1. Characteristics of Stroller- and Carrier-Related Injuries Treated in US EDs, 1990 to 2010

Characteristic

Strollers Carriers

Actual* National Estimate (%)† 95% CI Actual* National Estimate (%)† 95% CI

Total 8946 261,879 (100.0) 204,095–319,664 3159 99,057 (100.0) 85,815–112,300
Sex

Male 4796 137,168 (52.4) 105,903–168,432 1693 51,994 (52.5) 44,478–59,511
Female 4148 124,660 (47.6) 97,777–151,543 1466 47,063 (47.5) 40,355–53,770

Age, years
<1 3855 110,018 (42.0) 82,185–137,851 2853 88,139 (89.0) 75,882–100,396
1 3058 90,926 (34.7) 71,510–110,342 165 5896 (6.0) 4345–7447
2 to 5 2033 60,936 (23.3) 48,564–73,307 141 5023 (5.1) 3758–6287

Body region
Head 4074 111,379 (43.0) 87,546–135,211 1989 59,367 (61.5) 50,990–67,744
Face 2491 80,366 (31.0) 61,561–99,170 687 23,782 (24.7) 19,593–27,970
Mouth 1089 32,405 (12.5) 24,256–40,555 139 4733 (4.9) 3533–5934
Hand/digits 441 13,371 (5.2) 10,374–16,369 19 ‡ ‡
Upper extremities 355 10,167 (3.9) 7617–12,718 100 3313 (3.4) 2239–4387
Lower extremities 287 7620 (2.9) 5439–9801 67 2015 (2.1) 1144–2885
Trunk 84 2277 (0.9) 1578–2976 34 1272 (1.3) 694–1850
Other§ 34 1317 (0.5) 746–1888 31 1172 (1.2) 616–1727

Diagnosis
Soft tissue injury 3081 103,180 (39.4) 81,353–125,007 1266 47,638 (48.1) 39,914–55,362
TBI/concussion 2761 64,548 (24.6) 47,396–81,700 1378 34,618 (34.9) 28,424–40,813
Laceration/avulsion 2034 64,398 (24.6) 51,387–77,409 175 6315 (6.4) 4829–7801
Fracture/dislocation 338 9535 (3.6) 7373–11,696 93 2411 (2.4) 1685–3137
Otherk 732 20,219 (7.7) 11,597–28,841 247 8075 (8.2) 6098–10,051

Disposition
Not hospitalized 8622 255,062 (97.6) 198,897–311,228 2914 92,413 (93.5) 79,936–104,890
Hospitalized 299 6138 (2.4) 4194–8083 240 6474 (6.5) 4888–8059

Location
Home 2923 93,785 (61.3) 63,780–123,790 1621 54,063 (78.5) 44,575–63,552
Street/highway 638 17,986 (11.8) 10,162–25,811 123 3794 (5.5) 2521–5068
Other{ 1307 41,156 (26.9) 32,373–49,939 338 10,980 (16.0) 8692–13,267

Mechanism
Contact with ground 7045 205,976 (78.7) 160,145–251,808 2854 89,503 (90.4) 77,118–101,888
Contact with product 1237 37,072 (14.2) 29,660–44,845 113 3757 (3.8) 2643–4872
Contact with other object 489 13,544 (5.2) 9327–17,762 131 4062 (4.1) 3018–5105
Other/not recorded 175 5287 (2.0) 3334–7239 61 1735 (1.8) 1091–2379

ED indicates emergency department; CI, confidence interval; TBI, traumatic brain injury; and NEISS, National Electronic Injury Surveillance

System.

*Values weremissing for stroller-related injuries (sex, n¼ 2; disposition, n¼ 25; body region, n¼ 91; location, n¼ 4078) and carrier-related

injuries (disposition, n ¼ 5; body region, n ¼ 93; location, n ¼ 1077).

†Some categories do not sum to the total national estimate or 100.0% because of rounding.

‡Too few cases (actual n < 20) to provide a stable national estimate.

§“Other” body region includes the NEISS codes for “25% to 50% of the body” and “all parts of the body.”

k“Other” diagnosis includes amputations, anoxia, aspirated foreign objects, dental injuries, foreign bodies, ingested foreign objects, internal

organ injuries other than to the head, nerve damage, poisonings, strains and sprains, submersions, and other.

{“Other” location includes industrial place, place of recreation or sports, school, and other public property.
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common diagnoses were soft tissue injuries (48.1%) and
TBIs/concussions (34.9%) (Table 1). The most common
injuries to the face (85.1%), trunk (76.6%), and lower ex-
tremities (37.9%) were soft tissue injuries and the most
common injuries to the mouth (49.5%) and hand/digits
(47.2%) were lacerations/avulsions. Most upper extremity
injuries were fracture/dislocations (44.2%). The propor-
tion of carrier-related TBIs/concussions tripled from
17.5% in 1990 to 53.1% in 2010 (P < .001; Fig. 2B).
Beginning in 2002, TBIs/concussions replaced soft tissue
injuries as the most common carrier-related injury diag-
nosis. Among patients treated for carrier-related injuries,
6.5% were hospitalized (Table 1). TBIs/concussions ac-
counted for 78.6% of carrier-related hospitalizations.
FLA 5.4.0 DTD � ACAP880_proof � 1
Involvement of a sibling and/or other children was explic-
itly stated in the case narrative in 3.9% of all carrier-
related injuries.

MECHANISM OF INJURY

Contact with the ground (90.4%) was the most common
general mechanism of injury followed by contact with
other objects (4.1%), contact with the carrier (3.8%), and
other (0.9%). More specifically, patients fell from the car-
rier (63.3%), the carrier tipped over (29.4%), the patient
was injured by contact with the carrier (2.6%), the carrier
malfunctioned or collapsed entrapping the patient
(2.3%), the patient was involved in a collision while in
the carrier (1.3%), or the patient caught an extremity in
7 August 2016 � 10:33 am � ce CC
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Figure 1. Stroller- and carrier-related injuries: national estimates of annual frequency and rate per 10,000 US children 5 years of age and

younger, 1990 to 2010.
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the carrier (1.0%). The proportion of injuries resulting
from falls from carriers and tip-overs did not change over
the study period (P ¼ .841 and P ¼ .402, respectively;
Fig. 3B).
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Figure 2. (A) Percentage of stroller-related traumatic brain injuries (TBI)/

carrier-related TBI/concussions and soft tissue injuries, 1990 to 2010.
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DIFFERENCES ACCORDING TO AGE

Among patients younger than 1 year, 93.1% sustained an
injury to the head, face, or mouth compared with patients
aged 1 year (84.8%; OR, 2.42; 95% CI, 1.37–4.29) and 2
Year

Soft tissue injury

TBI/concussion

Year

Soft tissue injury

TBI/concussion

concussions and soft tissue injuries, 1990 to 2010. (B) Percentage of
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Figure 3. (A) Percentage of stroller-related injuries resulting from falls from and tip-overs, 1990 to 2010. (B) Percentage of carrier-related

injuries resulting from falls from and tip-overs, 1990 to 2010.
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to 5 years of age (64.1%; OR, 7.58; 95% CI, 4.48–12.84;
Table 2). Patients 2 to 5 years of age more often sustained
an upper extremity (13.2%) or lower extremity (16.5%)
injury than patients younger than 1 year (2.5%; OR,
5.90; 95% CI, 2.94–11.83 and 1.2%; OR, 16.22; 95% CI,
8.17–32.19, respectively). The most common injury diag-
nosis for patients younger than 1 year (48.9%), 1 year of
age (40.8%), and 2 to 5 years of age (43.3%) was soft tissue
injury. Patients younger than 1 year (36.2%; OR, 3.16; 95%
CI, 2.03–6.44) and 1 year of age (34.2%; OR, 3.31; 95%
CI, 1.55–7.07) more often sustained a TBI/concussion
than patients 2 to 5 years of age (13.6%). Conversely, pa-
tients 2 to 5 years of age more often sustained a lacera-
tion/avulsion (22.0%) than patients younger than 1 year
(5.1%; OR, 5.21; 95% CI, 2.79–9.73). More patients
younger than 1 year were hospitalized (7.1%) than patients
1 year of age (2.0%) and those aged 2 to 5 years (2.2%;
P¼ .001). Patients younger than 1 year (92.5%) more often
sustained injury from contact with the ground compared
with patients aged 1 year (81.8%; OR, 2.73; 95% CI,
1.46–5.10) and 2 to 5 years of age (63.4%; OR, 7.07;
95% CI, 4.07–12.27). Conversely, patients aged 2 to 5
years more often sustained injury from contact with the
carrier (16.0%) than patients younger than 1 year (3.0%;
OR, 6.26; 95% CI, 3.17–12.37) and patients 1 year of
FLA 5.4.0 DTD � ACAP880_proof � 1
age (5.9%; OR, 3.04; 95% CI, 1.11–8.31). The most com-
mon specific mechanism of injury for patients younger
than 1 year (64.9%), 1 year of age (53.4%), and those
aged 2 to 5 years (46.1%) was falling from the carrier.
DISCUSSION

During the 21-year study period, an estimated 360,937
injuries associated with strollers and carriers were treated
in US EDs. Although previously published studies have
examined similar injuries,2–7,13,14 to our knowledge this
is the first study to report national estimates, population-
based rates, and trends of stroller- and carrier-related
injuries for children 5 years of age and younger over a
21-year period. Although these products are typically
used to safely transport children, parents and caregivers
should be aware that injuries do occur while using strollers
and carriers.
The rates of stroller- and carrier-related injuries both

decreased during the study period. The American Society
for Testing and Materials (ASTM) has voluntary standards
for strollers and carriages,15 as well as for frame,16 hand-
held,17 and soft18 infant carriers designed to minimize
injury to occupants during normal use or in the event of
misuse or abuse of the product. The standards include
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Table 2. Characteristics of Stroller- and Carrier-Related Injuries Treated in US EDs According to Age, 1990 to 2010

Characteristic

Strollers, National Estimate, %* Carriers, National Estimate, %*

<1 Year

(n ¼ 110,018)

1 Year

(n ¼ 90,926)

2–5 Years

(n ¼ 60,936)

<1 Year

(n ¼ 88,139)

1 Year

(n ¼ 5896)

2–5 Years

(n ¼ 5023)

Body region
Head 60,787 (56.1) 28,256 (31.3) 22,336 (37.1) 54,197 (63.3) 3190 (54.3) 1980 (40.0)
Face 30,487 (28.1) 32,201 (35.7) 17,677 (29.4) 21,587 (25.2) 1173 (20.0) 1022 (20.6)
Mouth 9040 (8.3) 16,675 (18.5) 6690 (11.1) 3941 (4.6) 623 (10.6) 170 (3.4)
Hand/digits 2434 (2.2) 5468 (6.1) 5470 (9.1) 589 (0.7) 125 (2.1) 88 (1.8)
Upper extremities 2350 (2.2) 4129 (4.6) 3688 (6.1) 2145 (2.5) 516 (8.8) 651 (13.2)
Lower extremities 1771 (1.6) 2800 (3.1) 3049 (5.1) 1034 (1.2) 162 (2.8) 819 (16.5)
Trunk 690 (0.6) 465 (0.5) 1122 (1.9) 985 (1.2) 89 (1.5) 197 (4.0)
Other 821 (0.8) 323 (0.4) 174 (0.3) 1148 (1.3) 0 (0.0) 24 (0.5)

Diagnosis
Soft tissue injury 50,956 (46.3) 33,848 (37.2) 18,376 (30.2) 43,062 (48.9) 2403 (40.8) 2174 (43.3)
TBI/concussion 37,726 (34.3) 16,269 (17.9) 10,552 (17.3) 31,918 (36.2) 2018 (34.2) 682 (13.6)
Laceration/avulsion 11,912 (10.8) 29,284 (32.2) 23,203 (38.1) 4525 (5.1) 687 (11.6) 1104 (22.0)
Fracture/dislocation 1717 (1.6) 3973 (4.4) 3844 (6.3) 1331 (1.5) 493 (8.4) 587 (11.7)
Other 7706 (7.0) 7552 (8.3) 4960 (8.1) 7303 (8.3) 296 (5.0) 476 (9.5)

Disposition
Not hospitalized 106,420 (96.9) 89,022 (98.3) 59,621 (98.1) 81,739 (92.9) 5760 (98.0) 4914 (97.8)
Hospitalized 3420 (3.1) 1564 (1.7) 1154 (1.9) 6246 (7.1) 119 (2.0) 109 (2.2)

Mechanism
Contact with ground 96,292 (87.5) 69,286 (76.2) 40,399 (66.3) 81,494 (92.5) 4822 (81.8) 3187 (63.4)
Contact with product 8059 (7.3) 14,013 (15.4) 15,000 (24.6) 2605 (3.0) 348 (5.9) 805 (16.0)
Contact with other object 4135 (3.8) 5185 (5.7) 4224 (6.9) 2692 (3.1) 594 (10.1) 776 (15.4)
Other 1532 (1.4) 2442 (2.7) 1313 (2.2) 1348 (1.5) 131 (2.2) 256 (5.1)

ED indicates emergency department; TBI, traumatic brain injury.

*Some categories do not sum to the total national estimate or 100.0% because of rounding.
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performance testing of leg openings, dynamic strength,
static load, stability, locking devices, unintentional folding,
and presence of safety labels. Despite these efforts to
ensure the safety of children in strollers and carriers, yearly
recalls of these products consistently identify areas for
improvement. The persistence of injuries over time sug-
gests that current product design as well as injury preven-
tion strategies might be improved.2–7,13,14 In March 2014,
the US CPSC issued a new federal mandatory standard for
strollers and carriages that addressed stroller-related haz-
ards including hinges and cut or amputated fingers, broken
and detached wheels, parking brake failures, locking
mechanisms, restraint issues, structural integrity, and
stroller stability.15 Future studies are needed to examine
how this new standard for strollers and carriages affects
stroller-related injuries treated in US EDs.

Previous studies have described stroller- or carrier-related
injuries and reported patterns of injury similar to those found
in the current study.2–7 In the current study, injuries were
most common among children younger than 1 year of age,
most injuries were to the head or face, and many injuries
were TBIs/concussions which resulted from a fall from or
tip-over while the stroller or carrier was in use. Although
we found that TBIs/concussion increased dramatically as a
proportion of the head injuries diagnosed, it is likely that
increased awareness of TBI/concussion resulted in more
conservative diagnoses of head injuries that previously
might have been diagnosed as a less severe injury rather
than a true increase in incidence.19
FLA 5.4.0 DTD � ACAP880_proof � 1
In the current study, children frequently fell from or tip-
ped over in a stroller or carrier, events that can be especially
dangerous when the fall is from an elevated height. Two
Australian studies in the early 1990s reported that stroller-
and carrier-related injuries, particularly those resulting
from falls and tip-overs, occurred when the child was not
properly secured in the product.13,20 Restraint use was
not consistently able to be assessed from the case
narratives in the current study, however, the patterns of
stroller- and carrier-related injury, including mechanism
of injury, body regions injured, and resulting diagnoses
have changed little over the past two decades, suggesting
that use of safety restraints is still suboptimal.
Although not directly investigated in the current study,

parents should be educated through safety warnings and
publicity campaigns on ways to prevent or reduce the con-
sequences of injuries related to use of strollers and carriers
including properly securing children in strollers or carriers,
placing these products on a nonelevated surface to mini-
mize impact if there is a tip-over, following all manufac-
turers’ instructions, exercising caution when using a
stroller near a curb or navigating high traffic areas where
sidewalks are not available, and not leaving a child unat-
tended or only in the care of another young child. Because
tip-overs were common in this study, children should
remain seated at all times when using a stroller, heavy
items such as purses and bags should not be hung from
the handle of strollers, and strollers should be locked
when parked to prevent unexpected movement.
7 August 2016 � 10:33 am � ce CC
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Furthermore, when shopping for a new stroller, parents
should look for a stroller with a wide wheel base, and a
child’s weight should not exceed the maximum weight
limit of the stroller or carrier.

This study has several limitations. The number of
stroller- and carrier-related injuries was underestimated
because the sample included only injuries treated in US
EDs, and did not capture injuries treated in other settings
or by other health care providers. Furthermore, children
might have sustained more than 1 type of injury during
each injury event; however, only the most severe injury
was recorded in the NEISS data set. Missing or inaccurate
data in patients’ medical charts or in NEISS narratives
might result in additional limitations to this investigation.
The specific type of strollers or carriers involved, mecha-
nism of injury, and whether the child was properly secured
in the device were not consistently documented in the case
narratives and therefore could not be assessed for every
case. Despite these limitations, the NEISS data analyzed
for the current study yielded a large, nationally representa-
tive sample of stroller- and carrier-related injuries over a
21-year period and, to our knowledge, represents the
most comprehensive and detailed investigation of this topic
to date.

CONCLUSIONS

Stroller- and carrier-related injuries, specifically those
resulting from falls from the product or tip-overs, are
important sources of injury for children 5 years of age
and younger. Our findings illustrate the decrease in the
number of injuries over the 21-year study period. However,
the considerable number of injuries that continue to occur
annually highlights the need to further reduce the potential
for injury associated with these very common and often
used products. Despite industry safety monitoring of
strollers and carriers, including product recalls, updates
to manufacturing standards, and product testing, patterns
of injury associated with strollers and carriers are similar
to those identified more than a decade ago. Traumatic brain
injuries and concussions in young children might have
long-term consequences on cognitive development and
have become the most common diagnoses associated
with stroller- and carrier-related injuries. Further research
is needed to identify specific recommendations to prevent
or reduce the consequences of these injuries.
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