Kaushik et al. Injury Epidemiology (2015) 2:16
DOI 10.1186/540621-015-0048-1

® Injury Epidemiology

a SpringerOpen Journal

ORIGINAL CONTRIBUTION Open Access

Pediatric bicycle-related head injuries: a ® e
population-based study in a county without
a helmet law

Ruchi Kaushik', Isabelle M Krisch, Darrell R Schroeder, Randall Flick and Michael E Nemergut

Abstract

Background: Head injuries are the leading cause of death among cyclists, 85 % of which can be prevented by
wearing a bicycle helmet. This study aims to estimate the incidence of pediatric bicycle-related injuries in Olmsted
County and assess differences in injuries between those wearing helmets vs. not.

Methods: Olmsted County, Minnesota residents 5 to 18 years of age with a diagnostic code consistent with an injury
associated with the use of a bicycle between January 1, 2002, and December 31, 2011, were identified. Incidence rates
were calculated and standardized to the age and sex distribution of the 2000 US white population. Type of injuries, the
percentage requiring head CT or X-ray, and hospitalization were compared using a chi-square test. Pediatric intensive
care unit (PICU) admission, permanent neurologic injury, seizure, need for mechanical ventilation, and mortality were
compared using Fisher's exact test.

Results: A total of 1189 bicycle injuries were identified. The overall age-adjusted incidence rate of all injuries was 278

(95 % Cl, 249 to 306) per 100,000 person-years for females and 589 (95 % Cl, 549 to 629) for males. The corresponding
rates for head injuries were 104 (95 % Cl, 87 to 121) for females and 255 (95 % Cl, 229 to 281) for males. Of patients with

and facial injuries and mortality.
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head injuries, 174 % were documented to have been wearing a helmet, 44.8 % were documented as not wearing a
helmet, and 37.8 % had no helmet use documentation. Patients with a head injury who were documented as not
wearing a helmet were significantly more likely to undergo imaging of the head (32.1 percent vs. 11.5 %; p < 0.001)
and to experience a brain injury (28.1 vs. 13.8 %; p = 0.008).

Conclusions: Children and adolescents continue to ride bicycles without wearing helmets, resulting in severe head

Background

Unintentional injuries remain the leading cause of death
among children and adolescents in the United States of
America (USA) (Rezendes 2006). Bicycle riding is com-
mon among children and adolescents in the USA, pro-
viding recreation, transportation, and a pleasurable form
of aerobic activity (Centers for Disease Control and
Prevention 1999). However, apart from automobiles, bi-
cycles are tied to more childhood injuries than any other
consumer product (Safe Kids Worldwide 2014). In 2010,
112 children and adolescents died and over 200,000
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children 5 to 14 years of age visited the emergency de-
partment (ED) for bicycle-related injuries (Centers for
Disease Control and Prevention 1999; 2012). Further-
more, these injuries represent the third leading type of
sports and recreation-related activity for which 15-19-
year-old males visit the ED (Centers for Disease Control
and Prevention 2013). Numerous risk factors for serious
injury are associated with bicycling, including collision
with a motor vehicle, speed greater than 15 miles per
hour, alcohol use, male sex, and an unsafe riding envir-
onment (Rivara et al. 1997; Thompson and Rivara 2001;
Li et al. 2001; Hoffman et al. 2010). It has been reported
that approximately 75 % of all bicycle-related mortality
is secondary to head injuries, 85 % of which could have

© 2015 Kaushik et al. This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http//creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly credited.


http://crossmark.crossref.org/dialog/?doi=10.1186/s40621-015-0048-1&domain=pdf
mailto:drruchikaushik@yahoo.com
http://creativecommons.org/licenses/by/4.0

Kaushik et al. Injury Epidemiology (2015) 2:16

been prevented by wearing a bicycle helmet (The Center
for Head Injury Statistics 2014). While child cyclists,
particularly younger children, appear to be at greater risk
of head injuries than adults, helmet use is low despite le-
gislation requiring helmet use among younger riders in
21 states and the District of Columbia, as well as the
adoption of many local city and county ordinances
(Coffman 2003; Insurance Institute for Highway Safety
& Highway Loss Data Institute 2014). For example,
among the 70 % of high school students nationwide who
had ridden a bicycle in 2011, 87 % had rarely or never
worn a bicycle helmet, a prevalence that has changed lit-
tle from 2001 to 2011 (Coffman 2003).

The Cochrane Collaborative conducted an analysis of
controlled studies evaluating the effect of bicycle hel-
mets on injury prevention. The review found that hel-
mets provide up to a 63 to 88 % reduction in the risk of
head, brain, and severe brain injury for cyclists of all
ages as well as a 65 % reduction of injuries to the upper-
and mid-face (Thompson et al. 2000). This protection
was sustained independent of the mechanism of bicycle
injury (crashes involving motor vehicles vs. crashes from
all causes). Based on these data, the American Academy
of Pediatrics Committee on Injury and Poison Preven-
tion developed a policy statement recommending that
all children and adolescents use helmets while riding a
bicycle and that pediatricians provide anticipatory guid-
ance to facilitate universal helmet use (American Acad-
emy of Pediatrics and Committee on Injury and Poison
Prevention 2001).

Despite apparent benefit, helmet use in children con-
tinues to be low with resultant increases in morbidity
and mortality. Minnesota does not have a statewide law
to compel the use of helmets, nor is there a county or
city ordinance requiring helmet use in Olmsted County
or Rochester, Minnesota (MN). This study was designed
to investigate the incidence of bicycle-related injuries in
Olmsted County among children ages 5 to 18 years be-
tween January 1, 2002, and December 31, 2011, enumer-
ate the location and types of injuries, and analyze the
differences in injuries between those children wearing
and not wearing bicycle helmets.

Methods

Data source

Olmsted County, located in southeast Minnesota, is rela-
tively isolated from other urban centers, rendering it
amenable to epidemiologic research. The county consists
of urban, suburban, and rural communities and has a
population of 144,248 persons, of whom 86.5 % are white,
51.1 % are female, 24.9 % are under the age of 18 years, 94
% have graduated from high school or pursued a higher
degree, and 8.5 % fall below the federal poverty level; the
median household income is 66,667 dollars annually.

Page 2 of 9

Local medical providers, consisting primarily of Mayo
Clinic and its two affiliated hospitals, Olmsted Medical
Center (OMC) and its affiliated hospital and the Rochester
Family Medicine Clinic, deliver nearly all health care to
the county population. All three institutions participate
in the Rochester Epidemiology Project (REP), an infra-
structure that permits the sharing of patient medical re-
cords to support population-based research (National
Institute on Aging of the National Institutes of Health
RO1AG034676). The REP database comprises the re-
cords of all persons living in Olmsted County, MN. REP
medical records include the details of every inpatient
hospitalization at the three affiliated area hospitals;
every outpatient visit to an office, clinic, urgent care, or
emergency department; as well as every laboratory re-
sult and correspondence concerning each patient, and
all individual facility records are linked to a single REP
identification number for each Olmsted County resi-
dent. These records are accessible and easily retrievable
because the REP has created extensive indices based on
clinical and histological diagnoses and surgical proce-
dures dating to the early 1900s.

Identification of study subjects

Utilizing the REP electronic indices, all residents of
Olmsted County between the ages of 5 and 18 years who
had a discharge, primary, or secondary diagnosis of crash
involving a bicycle between January 1, 2002, and Decem-
ber 31, 2011, were identified. Individual records were then
retrospectively reviewed. Any subject using an alternative
form of transport (e.g., moped, motorized bicycle, scooter)
or riding as bicycle passenger was subsequently excluded
from the study. Similarly, those children and adolescents
who had been seen for another primary indication, but
had been noted incidentally in the chart to have had a
bicycle crash without further evaluation, were also ex-
cluded. Mayo Clinic Institutional Review Board (IRB),
Olmsted Medical Center IRB, and REP approval, as well
as a University of Minnesota IRB Authorization Agree-
ment were obtained.

Abstraction and tabulation of outcomes

Once identified, patients’ records were reviewed and data
were collected including date of birth, sex, street address,
and zip code; date of injury; circumstance of injury and po-
tential associated risk factors (organized event—race/com-
petition, cell phone use—call/text, impaired operator, or
other (with free text box)); helmet use; date and time of
acute care visit; mode of transport to medical facility; loca-
tion and type of injury; Glasgow Coma Score (GCS); mo-
dality of diagnostic imaging performed and results;
occurrence of trauma-related seizure; presence of residual
permanent neurologic injury; need for inpatient hospital
admission, pediatric intensive care unit (PICU) admission,
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and lengths of stay; need for mechanical ventilation,
operative procedure, or discharge to a long-term rehabili-
tation care unit; and mortality. We defined a brain in-
jury as a radiologically apparent sub-calvarial injury
impacting brain parenchyma including epidural hemato-
mas, subdural hematomas, subarachnoid hemorrhages,
intraparenchymal bleeding/contusions, penetrating trauma,
diffuse white matter injury, cerebral edema, or herniation;
head injuries included the more superficial injuries of frac-
tures, contusions, abrasions, and/or lacerations of the bony
or soft tissues of the head. All data were tabulated into the
REDCap database (an electronic data capture software de-
signed by Vanderbilt University, allowing for secure, web-
based management of online surveys and databases).

Statistical analysis

Crash characteristics are summarized using mean +
standard deviation (SD) for continuous variables and fre-
quency percentages for categorical variables. In order to
calculate incidence rates, the identified cases were allo-
cated to calendar period, age- and sex-specific categories
for the numerator with the corresponding Olmsted
County population counts used as the denominator (St
Sauver et al. 2011). Age- and sex-adjusted incidence
rates were directly standardized to the age and sex distri-
bution of the 2000 US white population, a measure uti-
lized given the racial homogeneity of Olmsted County.
The calculation of standard errors and 95 % confidence
intervals for the estimated incidence rates was based on
the Poisson error distribution. Among cases that in-
volved head injuries, the injury types and outcomes were
summarized according to documented helmet use and
compared between those documented to be wearing a
helmet and those not wearing a helmet. Type of injuries,
the percentage requiring head CT or X-ray, and
hospitalization were compared using a chi-square test.
PICU admission, permanent neurologic injury, seizure,
need for mechanical ventilation, and mortality were
compared using Fisher’s exact test. For these compari-
sons, two-tailed p values are reported with values <0.05
considered statistically significant.

Results

Between January 1, 2002, and December 31, 2011, there
were a total of 1189 acute care visits for bicycle-related
injuries among Olmsted County residents 5 to 18 years
of age. For these 1189 cases, the mean + SD patient age
was 10.5 £ 3.5 years; 882 (69.1 %) were male and 367
(309 %) female. Patient characteristics and circum-
stances of the bicycle-related crashes are presented in
Table 1. Most occurred during the summer and the
majority (86.3 %) involved a single bicycle. Five hundred
(42.0 %) patients suffered head injuries, of which 97
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Table 1 Characteristics of 1189 bicycle-related injuries in
Olmsted County, MN, 2002-2011

Characteristic No. (%)
Age, years
5t09 488 (41.0)
10to 14 535 (45.0)
1510 18 166 (14.0)
Sex
Female 367 (30.9)
Male 822 (69.1)
Circumstances
Single bicycle 1026 (86.3)
Bicycle vs. car 91 (7.6)
Bicycle vs. pedestrian 34 (2.9)
Bicycle vs. bicycle 9 (0.8)
Other 29 (24)
Location of injuries®
Extremity 895 (75.3)
Head 500 (42.0)
Brain 97 (8.2)
Abdomen 50 (4.2)
Chest 41 (34)
Neck 14 (1.2)
Month of year
January 2(0.2)
February 4(0.3)
March 28 (2.3)
April 102 (8.6)
May 162 (13.6)
June 202 (17.0)
July 208 (17.5)
August 221 (18.6)
September 165 (13.9)
October 73 (6.1)
November 19 (1.6)
December 3(03)
Day of week
Sunday 182 (15.3)
Monday 201 (169)
Tuesday 163 (13.7)
Wednesday 165 (13.9)
Thursday 155 (13.0)
Friday 146 (12.2)
Saturday 177 (14.9)

2Some patients had multiple injury locations.
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(8.2 % of all crashes; 19.4 % of crashes involving head in-
jury) resulted in an injury to the brain.

Incidence of bicycle-related injuries

For both male and female youth, the age-adjusted inci-
dence of all bicycle-related injuries remained relatively
consistent over the 10-year calendar period (Fig. 1).
Table 2 presents the sex-specific and overall incidence
rates for all injuries, head injuries, and brain injuries for
various age groups.

Reported previously, the incidence of bicycle-related
injuries was lower for females compared to males. The
overall age-adjusted incidence rate of all bicycle-related
injuries was 278 (95 % CI, 249 to 306) per 100,000
person-years for females and 589 (95 % CI, 549 to 629)
for males. The corresponding rates for head injuries
were 104 (95 % CI, 87 to 121) per 100,000 person-years
for females and 255 (95 % CI, 229 to 281) for males. The
corresponding rates for brain injuries were 20 (95 % CI,
12 to 27) per 100,000 person-years for females and 50
(95 % CI, 39 to 62) for males. Figure 2 presents the sex-
specific rates of all bicycle-related injuries for each year
of age. The rate of all injuries in females remained rela-
tively stable through age 10 years, after which it de-
clined. The rate of all bicycle injuries in males remained
relatively stable through age 10 years, after which it in-
creased until the age of 13 years and then declined with
increasing age. The sex-specific rates of bicycle-related
head injuries for each year of age are presented in Fig. 3.
For both females and males, the incidence of head injur-
ies declined with increasing age.

Helmet use

Of the 1189 bicycle-related injuries, 184 (15.5 %) were
documented as wearing a helmet, 383 (32.2 %) were doc-
umented as not wearing a helmet, and 622 (52.3 %) had
no documentation regarding helmet use. Compared to
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those without head injuries, patients with head injuries
were significantly (p <0.001) more likely to have docu-
mentation available regarding helmet use, with signifi-
cantly (p<0.001) more documented as not wearing a
helmet. Of the 500 patients with head injuries, 17.4 %
were wearing a helmet, 44.8 % were not wearing a hel-
met, and 37.8 % had no documentation regarding helmet
use. Among the 689 patients without head injuries, the
corresponding percentages were 14.1, 23.1, and 62.8,
respectively.

Table 3 presents the type of injuries and outcomes ac-
cording to helmet use for the 500 patients who suffered
head injuries.

Compared to those wearing a helmet, those who were
not wearing a helmet were significantly more likely to
undergo an X-ray or computed tomography (CT) scan
of the head (32.1 vs. 11.5 %; p <0.001) and significantly
more likely to experience a brain injury (28.1 vs. 13.8 %;
p =0.008).

Severe outcomes

We identified 15 children and adolescents who suffered
the most severe injuries, defined as those whose injuries
required PICU admission or resulted in death. Of the
500 patients who suffered head injuries, 11 required
PICU admission or succumbed to their injuries. Of these
11 patients, 10 were not wearing a helmet and 1 had no
documentation regarding helmet use.

Two of these 11 suffered fatal injuries, an 18-year-old
male and a 17-year-old female. The 18-year-old male
was struck by a motor vehicle and had an initial GCS of
4. He underwent endotracheal intubation at the scene,
was transported by helicopter to the hospital, and admit-
ted to the PICU, where he subsequently died secondary
to a severe traumatic brain injury (subdural hematoma
and transtentorial herniation). The 17-year-old female,
also struck by a motor vehicle, arrived in the emergency
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Table 2 Incidence of bicycle-related injuries in Olmsted County, MN, 2002-2011

Females Males Total
Age group No. Rate® 95 % CI? No. Rate? 95 % CI? No. Rate® 95 9% CI°
Any injury
5-9 years 193 403 (346, 460) 295 585 (518, 652) 488 496 (452, 540)
10-14 years 150 327 (275, 380) 385 780 (702, 858) 535 560 (512, 607)
15-18 years 24 61 (36, 85) 142 352 (294, 409) 166 211 (179, 243)
All ages 367 278 (249, 306) 822 589 (549, 629) 1189 438 (413, 463)
Head injury
5-9 years 89 184 (145, 222) 173 337 (286, 387) 262 262 (230, 294)
10-14 years 43 94 (66, 122) 132 267 (222, 313) 175 183 (156, 210)
15-18 years 7 18 (5,31 56 138 (102, 174) 63 80 (60, 100)
All ages 139 104 (87,121) 361 255 (229, 281) 500 182 (166, 197)
Brain injury
5-9 years " 23 (9, 36) 18 35 (19, 51) 29 29 (18, 39)
10-14 years 13 28 (13, 44) 34 69 (46, 92) 47 49 (35, 63)
15-18 years 2 5 (0, 12) 19 47 (26, 68) 21 27 (15, 38)
All ages 26 20 (12, 27) 71 50 (39, 62) 97 35 (28, 43)

“Incidence per 100,000 person-years, age-adjusted to the US white population in the year 2000
PIncidence per 100,000 person-years, age- and sex-adjusted to the US white population in the year 2000

department with an absent pulse, a GCS of 3, and fixed
and dilated pupils. Neither of these adolescents was
wearing a helmet.

Of the remaining nine subjects with head and/or facial
injuries, eight were not wearing a helmet. Helmet use was
not documented for one patient. All nine suffered brain
injuries (including one with temporal lobe hemorrhagic
contusion), six suffered skull fractures (including two with
epidural hematomas and two with pneumoencephaly), five
were admitted to the PICU, three had seizures, and two
suffered permanent neurologic damage. None required
mechanical ventilation or discharge to a long-term re-
habilitation care unit.

Four patients admitted to the PICU with bicycle-
related injuries were admitted for injuries that did not
involve the head and/or face, including two patients with
liver lacerations, one patient with a laceration of the
spleen who was also observed for risk of a cervical spine
injury, and one patient with a femur fracture who re-
quired an operative procedure.

Results and discussion

Our study aimed to estimate the incidence of bicycle-
related injuries in children, describe the types and loca-
tion of injuries, and analyze the differences in injuries
between those children wearing and not wearing helmets
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in a county with no helmet ordinance. The incidence of
all injuries and head injuries has remained stable over
the 10-year period studied. Bicycle-related injuries were
more common among males, in the summer months,
and were predominantly single-bicycle events. Children
and adolescents presenting with head injuries were more
likely to have documentation of helmet use/non-use in
the medical record and were more likely to have not
been wearing a helmet. Among patients with head injur-
ies, those not wearing a helmet were more likely to

undergo X-ray or CT scan of the head and more likely
to have suffered a brain injury.

The overall age-adjusted incidence rate of all bicycle-
related injuries in our study ranged from 211 per
100,000 to 560 per 100,000 person-years; this rate is only
slightly lower than the range of 392 per 100,000 to 663
per 100,000 children 18 years and younger found by
Mehan et al. in a recent retrospective analysis of the Na-
tional Electronic Injury Surveillance System (Mehan
et al. 2009). Mehan et al. and many others, however,

Table 3 Injury types and outcomes for those experiencing head injuries according to helmet use

Helmet use
Yes (N=87) No (N=224) Unknown (N = 189)
Characteristic No. (%) No. (%) No. (%) p valuet
Type of injury®®
Laceration 43 (494) 90 (40.2) 93 (49.2) 0.139
Contusion 29 (333) 91 (40.6) 52 (27.5) 0.236
Abrasion 41 (47.1) 123 (54.9) 80 (42.3) 0217
Fracture 8 (9.2) 15 (6.7) 4 (14.8) 0.445
Brain injury 12 (13.8) 63 (28.1) 22 (11.6) 0.008
Other 17 (19.5) 46 (20.5) 33(17.5) 0.845
Outcomes
Head CT/X-ray obtained® 10 (11.5) 72 (32.1) 28 (14.8) <0.001
Hospitalization® 3(34) 19 (85) 5(26) 0.144
PICU admission® 0(0.0) 6 (2.7) 0(0.0) 0.191
Permanent neurologic injury® 0 (0.0) 3(13) 1(0.5) 0.562
Post traumatic seizure® 0 (0.0) 2 (09 1 (0.5) >0.99
Need for mechanical ventilation® 0(0.0) 3(13) 0 (0.0) 0.562
Mortality® 0 (0.0) 2 (09) 0 (0.0) >0.99

tChi-square or Fisher’s exact test comparing the frequency of the given event between those wearing a helmet vs. not. Those with unknown helmet use are

excluded from this comparison

Patients may have had multiple injury types or experienced multiple outcomes

PComparison performed using chi-square test
“Comparison performed using Fisher's exact test
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have published epidemiologic findings that are consistent
with those of this study. For example, several studies dem-
onstrate the higher likelihood of bicycle injuries among
males (Thompson et al. 1990; Gallagher et al. 1984; Mehan
et al. 2009). Bicycle-related injuries are also noted to in-
crease with age, peak in middle childhood (with a slightly
earlier peak for females), decrease in adolescence (particu-
larly for females) (Thompson et al. 1990; Centers for Dis-
ease Control and Prevention 2004; Mehan et al. 2009), and,
similar to our study, occur most often among males 10 to
14 years of age and least often among females 15 to 18 years
of age (Mehan et al. 2009).

The decrease in bicycle-related injuries among adoles-
cents, particularly females, has been noted previously
(Mehan et al. 2009) and is perhaps related to overall
lower bicycle-riding rates among adolescents (Evenson
et al. 2003). Studies examining bicycling as a means of
transportation to school have revealed that high school
students are less likely than middle school students to
bicycle to school (Evenson et al. 2003); additionally, dis-
tance to school (Timperio et al. 2006) (which may be
greater for students in high schools as compared to
elementary or middle schools) and car use (Lorenc et al.
2008) may play a role in adolescent bicycling. One re-
searcher highlights the importance of lack of confidence
in their ability to exercise correctly and a greater fear of
injury among adolescent females as deterrents to bicycle
riding (PedalTown Media, Inc. 2013).

Seasonal timing of bicycle injuries throughout the year
is to some extent similar to what has been described
previously in the literature, with a higher incidence in
late summer in Olmsted County, MN, as compared to
late spring and early summer in other geographic loca-
tions, likely reflective of weather conditions (Thompson
et al. 1990).

Several studies have reported the effectiveness of bi-
cycle helmets in reducing the risk of head, brain, and se-
vere brain injury by 63 to 88 % (Thompson et al. 2000;
American Academy of Pediatrics & Committee on In-
jury and Poison Prevention 2001; Mattei et al. 2012;
Yeung et al. 2009) and facial trauma by 65 % (Thompson
et al. 2000). Our study supports the higher likelihood of
brain injury among children not using bicycle helmets.
Indeed, of the 11 patients with the most severe outcomes,
including two deaths, 10 were not wearing a helmet. Add-
itionally, patients not using a helmet were more likely to
have undergone diagnostic imaging. Webman et al. (2013)
also found that non-helmeted cyclists were more likely
to have had a CT scan of the head (42.1 %) compared to
helmeted cyclists (31.0 %, p =0.049). Similarly, a study
of 108 cyclists, none of whom wore a helmet, performed
by Munivenkatappa et al. (2013) found that 90 % of sub-
jects underwent CT scan of the head. This finding is sig-
nificant as it indicates an opportunity to potentially

Page 7 of 9

prevent unnecessary exposure to radiation and, perhaps,
reduce healthcare costs.

In our study, helmet documentation was noted in 47.7 %
of medical records reviewed. Compared to those without
head injuries, patients with head injuries were significantly
more likely to have documentation available regarding
helmet use, with more noted to not have been wearing a
helmet. Though studies have reported that children with
serious head and brain injuries are less likely to have used a
helmet (Maimaris et al. 1994), to our knowledge, no study
to date has evaluated the likelihood of helmet documenta-
tion according to location of injury. Moll et al. found that
helmet use was documented in only 23 % of 268 free text
emergency department medical records of children ages 5
to 18 years (Moll et al. 2002). To address such issue, Mon-
roe et al. demonstrated a statistically significant improve-
ment in helmet use documentation from 49 to 77 % of
emergency department records after implementing an in-
jury documentation reminder sheet (Monroe et al. 2008).
Standardization of helmet documentation in emergency de-
partment trauma records will not only improve availability
of data but may also prompt a discussion with families at
an opportune moment.

Efforts to attain universal bicycle helmet use have in-
cluded educational campaigns, provider counseling, and
mandatory helmet legislation. Education has involved pro-
motion of helmet use or general safety information related
to safe riding habits. A study evaluating the effect of a bi-
cycle safety video revealed a significant improvement in re-
tention of safety knowledge both immediately and 1 month
later (Clements 2005). These studies suggest that that edu-
cational programs may both increase helmet use as well as
decrease head injury rates (Rivara et al. 1998).

In one systematic review, helmet use was noted to in-
crease from 15 % to over 50 % after educational inter-
vention, although results were not equal across all
socioeconomic strata, with low-income families demon-
strating the least effect of the educational intervention
(Clements 2005). Improving bicycle helmet use among
economically disadvantaged children remains challenging.

Although helmet subsidies offered to low-income stu-
dents increased helmet ownership from 10 to 47 %, ob-
served helmet use was not different from that of three
low-income control areas (18 vs. 19 %), while helmet use
in higher income areas has been found to be as high as
73 % even prior to passage of mandatory helmet legisla-
tion (Parkin et al. 2003).

The American Academy of Pediatrics recommends that
all pediatricians discuss bicycle helmet use as a part of an-
ticipatory guidance (American Academy of Pediatrics &
Committee on Injury and Poison Prevention 2001). One
randomized, controlled trial (RCT) studied the effect of a
single, brief counseling session on bicycle helmet use when
given to injured adolescents in the emergency department
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setting; this study found that the intervention group was
twice as likely to use a helmet 6 months following counsel-
ing relative to controls (Johnston et al. 2002).

Twenty-one states and the District of Columbia mandate
bicycle helmet use for children, and many cities have local
ordinances that require bicycle helmets for some or all
riders (Insurance Institute for Highway Safety & Highway
Loss Data Institute 2014). Mandatory helmet legislation is a
factor strongly associated with helmet use by young chil-
dren (American Academy of Pediatrics and Committee on
Injury and Poison Prevention 2001). A recent Cochrane re-
view found “positive evidence that bicycle helmet legislation
both increases bicycle helmet use and reduces bicycle re-
lated head injuries (Macpherson and Spinks 2008)”. Fur-
thermore, concern has been raised that bicycle helmet laws
may result in decreased bicycle riding (Robinson 1996),
with decreased physical activity as an unintended conse-
quence. This possibility is of particular significance given
the rising rates of pediatric obesity and overweight in the
USA; unfortunately, data in the literature that address this
possibility are scant and have limited capacity to support or
refute this concern.

There are several limitations to this study. Helmet use
was documented in only 47.7 % of medical records, making
conclusions regarding the protective effect of helmets diffi-
cult; in addition, data regarding appropriate helmet size and
use are not available. Importantly, any bicycle-related injury
occurring during this time period that did not present to an
acute care setting will not be captured. This would affect
the calculated incidence and may bias our study toward
capturing more severe injuries, and the proportion of se-
vere to minor injuries, such as concussions, is not known.
Furthermore, the REP does not represent hospital catch-
ment area, and some patients may have presented to a facil-
ity outside of Olmsted County, particularly those patients
with relatively trivial injuries at county borders.

As described, the Olmsted County population is largely
white, educated, and of middle class income with a low
poverty rate; hence, our results may only be generalizable
to communities of similar populations. Notably, however,
evidence suggests that children of families with middle in-
come are more likely to wear helmets than those of fam-
ilies of low income. Furthermore, legislation may increase
helmet use among these children to match, or potentially
supercede, that among children of families with higher in-
come, which may predict the effect of mandatory legisla-
tion in this county (Parkin et al. 2003).

Conclusions

Children and adolescents continue to ride bicycles without
wearing helmets, resulting in severe head and facial injur-
ies and mortality. Educational campaigns, provider coun-
seling, and mandatory helmet legislation may encourage
helmet use and reduce bicycle-related head injuries.

Page 8 of 9

Abbreviations

CT: computed tomography; ED: emergency department; GCS: Glasgow
Coma Score; PICU: pediatric intensive care unit; REP: Rochester Epidemiology
Project.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

RK reviewed records, abstracted data, participated in the design of the study,
and drafted and revised the initial manuscript. IMHK reviewed records,
abstracted data, contributed to the drafting of the initial manuscript, and
approved the final manuscript as submitted. DRS carried out the statistical
analyses, contributed to the drafting of the initial manuscript, and approved
the final manuscript as submitted. RF conceptualized and designed the
study, critically reviewed the manuscript, and approved the final manuscript
as submitted. MEN designed the study, critically reviewed the manuscript,
and approved the final manuscript as submitted. All authors read and
approved the final manuscript.

Acknowledgements

The authors thank Shonie Buenvenida, BSN, for her technical support with
the REDCap database, Jennifer St. Sauver, MPH, PhD, for her guidance in
population-based studies, and Barb Abbott, Donna Kahn, and Mircea Baias
for their time and effort in identifying and retrieving the data.

The REP is supported by the National Institute on Aging of the National
Institutes of Health under Award Number R0TAG034676. The content is
solely the responsibility of the authors and does not necessarily represent
the official views of the National Institutes of Health.

Received: 11 April 2015 Accepted: 8 June 2015
Published online: 07 July 2015

References

American Academy of Pediatrics, Committee on Injury and Poison Prevention.
Bicycle helmets. Pediatrics. 2001;108(4):1030-2.

Centers for Disease Control and Prevention. Surveillance for fatal and non-fatal
injuries—United States, 2001. MMWR. 2004;53(S507):1-57.

Centers for Disease Control and Prevention. WISQARS fatal injury reports, 1999-2010,
for national, regional, and states (RESTRICTED) Web site. February 19, 2013.
http//webappa.cdc.gov/cgi-bin/broker.exe. Accessed February 18, 2014.

Centers for Disease Control and Prevention. WISQARS leading causes of death reports,
national and regional, 1999-2010 Web site. http://webappa.cdcgov/sasweb/ncipc/
leadcaus10_ushtml. February 19, 2013. Accessed February 18, 2014.

Centers for Disease Control and Prevention. Protect the ones you love: child
injuries are preventable Web site. http://www.cdc.gov/safechild/NAP/
background.html. April 19, 2012. Accessed February 18, 2014.

Centers for Disease Control and Prevention. Youth risk behavior survey: 2013
standard questionnaire item rationale Web site. http://www.cdcgov/
healthyyouth/yrbs/pdf/questionnaire/2013_standard_itemrationale.txt.
Accessed February 18, 2014.

Clements JL. Promoting the use of bicycle helmets during primary care visits.

J Am Acad Nurse Pract. 2005;17(9):350-4.

Coffman S. Bicycle injuries and safety helmets in children: review of research.
Orthop Nurs. 2003;22(1):9-15.

Evenson KR, Huston SL, McMillen BJ, et al. Statewide prevalence and correlates of
walking and bicycling to school. Arch Pediatr Adolesc Med. 2003;157(9):887-92.

Gallagher SS, Finison K, Guyer B, et al. The incidence of injuries among 87,000
Massachusetts children and adolescents: results of the 1980-1981 Statewide
Childhood Injury Prevention Program Surveillance System. Am J Public
Health. 1984;74(12):1340-7.

Hoffman MR, Lambert WE, Peck EG, et al. Bicycle commuter injury prevention: it
is time to focus on the environment. J Trauma. 2010;,69(5):1112-7.

Insurance Institute for Highway Safety & Highway Loss Data Institute. Bicycle
helmet use Web site. http://www.iihs.org/iihs/topics/laws/bicycle-laws.

April 2014. Accessed July 24, 2014.

Johnston BD, Rivara FP, Droesch RM, et al. Behavior change counseling in the
emergency department to reduce injury risk: a randomized, controlled trial.
Pediatrics. 2002;110(2):267-74.

Li G, Baker SP, Smialek JE, et al. Use of alcohol as a risk factor for bicycling injury.
JAMA. 2001;285(7):893-6.


http://webappa.cdc.gov/cgi-bin/broker.exe
http://webappa.cdc.gov/sasweb/ncipc/leadcaus10_us.html
http://webappa.cdc.gov/sasweb/ncipc/leadcaus10_us.html
http://www.cdc.gov/safechild/NAP/background.html
http://www.cdc.gov/safechild/NAP/background.html
http://www.cdc.gov/healthyyouth/yrbs/pdf/questionnaire/2013_standard_itemrationale.txt
http://www.cdc.gov/healthyyouth/yrbs/pdf/questionnaire/2013_standard_itemrationale.txt
http://www.iihs.org/iihs/topics/laws/bicycle-laws

Kaushik et al. Injury Epidemiology (2015) 2:16 Page 9 of 9

Lorenc T, Brunton G, Oliver S, et al. Attitudes to walking and cycling among
children, young people, and parents: a systematic review. J Epidemiol
Community Health. 2008;62(10):852-7.

Macpherson A, Spinks A. Bicycle helmet legislation for the uptake of helmet use and
prevention of head injuries (Review). Evid-Based Child health. 2008;3:16-32.

Maimaris C, Summers CL, Browning C, et al. Injury patterns in cyclists attending
an accident and emergency department: a comparison of helmet-wearers
and non-wearers. BMJ. 1994:308(6):1537-40.

Mattei TA, Bond BJ, Goulart CR, et al. Performance analysis of the protective
effects of bicycle helmets during impact and crush tests in pediatric skull
models. J Neurosurg Pediatr. 2012;10(6):490-7.

Mehan TJ, Gardner R, Smith GA, et al. Bicycle-related injuries among children and
adolescents in the United States. Clin Pediatr. 2009:48(2):166-73.

Moll EK, Donoghue AJ, Alpern ER, et al. Child bicyclist injuries: are we obtaining
enough information in the emergency department chart? Inj Prev.
2002;8(2):165-9.

Monroe K, Nichols M, Bates R, et al. Bicycle injury documentation before and
after charting intervention. Pediatr Emerg Care. 2008,24(7):448-51.

Munivenkatappa A, Devi B, Gregor Tl, et al. Bicycle-accident related head injuries
in India. J Neurosci Rural Pract. 2013;4(3):262-6.

Parkin PC, Khambalia A, Kmet L, et al. Influence of socioeconomic status on the
effectiveness of bicycle helmet legislation for children: a prospective
observational study. Pediatrics. 2003;112(3):e192-6.

PedalTown Media, Inc, BikePortland.org Web site. For girls on bikes, new research
shows a turning point: age 14. http://bikeportland.org/2013/05/27/for-girls-
on-bikes-new-research-shows-a-turning-point-age-14-87307. May 27, 2013.
Accessed May 17, 2015.

Rezendes JL. Bicycle helmets: overcoming barriers to use and increasing
effectiveness. J Pediatr Nurs. 2006;21(1):35-44.

Rivara FP, Thompson DC, Thompson RS. Epidemiology of bicycle injuries and risk
factors for serious injury. Inj Prev. 1997,3:110-4.

Rivara FP, Thompson DG, Patterson MQ. Prevention of bicycle-related injuries: helmets,
education, and legislation. Annu Rev Public Health. 1998;19:293-318.

Robinson DL. Head injuries and bicycle helmet laws. Accid Anal Prev.
1996,28(4):463-75.

Safe Kids Worldwide. Bicycle, skate, and skateboard safety fact sheet (PDF) Web
site. http//www.safekids.org/fact-sheet/bicycle-skate-and-skateboard-safety-
fact-sheet-pdf. 2014. Accessed February 18, 2014.

St Sauver JL, Grossardt BR, Yawn BP, et al. Use of a medical records linkage
system to enumerate a dynamic population over time: the Rochester
Epidemiology Project. Am J Epidemiol. 2011;173(9):1059-68.

The Center for Head Injury Statistics. Brain injury statistics Web site. http://
www.headinjuryctr-stl.org/statistics.html. Accessed February 18, 2014.

Thompson RS, Rivara FP. Bicycle-related injuries. Am Fam Physician.
2001,63(10):2007-15.

Thompson DC, Thompson RS, Rivara FP. Incidence of bicycle-related injuries in a
defined population. Am J Public Health. 1990,80(11):1388-90.

Thompson DC, Rivara FP, Thompson R. Helmets for preventing head and facial
injuries in bicyclists. Cochrane Database Syst Rev. 2000;2:CD001855.

Timperio A, Ball K, Salmon J, et al. Personal, family, social, and environmental
correlates of active commuting to school. Am J Prev Med. 2006;30(1):45-51.

Webman R, Dultz LA, Simon RJ, et al. Helmet use is associated with safer
bicycling behaviors and reduced hospital resource use following injury.

J Trauma Acute Care Surg. 2013;75(5):877-81.

Yeung JH, Leung CS, Poon WS, et al. Bicycle related injuries presenting to a

trauma centre in Hong Kong. Injury. 2009;40(5):555-9.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Immediate publication on acceptance

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



http://bikeportland.org/2013/05/27/for-girls-on-bikes-new-research-shows-a-turning-point-age-14-87307
http://bikeportland.org/2013/05/27/for-girls-on-bikes-new-research-shows-a-turning-point-age-14-87307
http://www.headinjuryctr-stl.org/statistics.html
http://www.headinjuryctr-stl.org/statistics.html

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data source
	Identification of study subjects
	Abstraction and tabulation of outcomes
	Statistical analysis

	Results
	Incidence of bicycle-related injuries
	Helmet use
	Severe outcomes

	Results and discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	References



