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ABSTRACT

ARTICLE HISTORY

Background: It is essential to identify factors that predict helmet use, so as to mitigate the injury and
mortality from bicycle accidents.
Objective: To examine the relationship between helmet use and the bicycle-related trauma injury
outcomes among bicyclists with head/neck injury in the US.
Methods: Data from the 2002–2012 National Trauma Data Bank were used, including all trauma bicycle
riders involved in bicycle-related accidents whose primary reason for the hospital or Intensive Care Unit
stay was head or neck injury. Using multiple logistic regression, the association between helmet use,
Injury severity score (ISS), length of stay in hospital (HLOS) and Intensive Care Unit (ICULOS), and
mortality was examined.
Results: Of the 76,032 bicyclists with head/neck injury, 22% worn helmets. The lowest was among
Blacks, Hispanics, and <17 years old. Wearing a helmet significantly reduces injury severity, HLOS,
ICULOS, and mortality (i.e total and in-hospital). Males had a severe injury, longer HLOS, ICULOS, and
higher mortality than female. Blacks and Hispanics had longer HLOS and ICULOS and higher total
mortality than Whites, but had a similar chance for in-hospital mortality.
Conclusions: More effort is needed to enhance helmet use among at-risk bicycle riders, which may
reduce injury severity, HLOS, ICULOS, and mortality.
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Introduction
Approximately 67 million people ride bicycles in the
United States, yielding about 15 billion hours of cycling
per year (1). One of the important and highly preventable
causes of traumatic brain injury is bicycle and sportsrelated injuries (2). Patients can be presented with maxillofacial trauma, dental injuries (3), and intracranial head
injury. The latter is the most common, and accounts for
about 21% of all bicycle-related injuries that result in
inpatient hospital stays (4), Skull and face fractures, in
comparison, are relatively rare, and account for only 6%
of all such hospitalizations (4).
Bicycle helmets have been shown to protect against severe
brain injuries and death (5–7). Using detailed finite element
simulations, one study has even illustrated the real-time protective effect of a helmet in a bicycle accident (8). Despite
such research, less than half of children and adults in the
United States report wearing a helmet while riding (9). The
promotion of an all-ages bicycle helmet law is a fundamental
preventative strategy for reducing major bicycle-related head
trauma (10). Past studies in the United States, in fact, also
suggest that implementing an all-ages bicycle helmet law
would result in decreasing the severity of head injuries and
bicycle-related fatalities (9,11,12). However, the effect of
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mandatory helmet use does not appear equal and even across
all racial and ethnic groups. In one study, for example, the
increase in usage was greater among White students. This
effect results in an even greater disparity in injury and death
rates when compared to racial and ethnic minorities (13).
Another study showed that 6 years after helmet legislation
in Toronto children riding in high-income areas were significantly more likely to wear a helmet while riding bicycles than
children in low-income areas across all years. (13)
A survey of the literature reveals a scarcity of research on
the social determinants of helmet use, and their effect on
bicycle-related injury outcomes. The aims of this study are
1) to report racial/ethnic differences in helmet use among
bicyclists with head/neck trauma injury in the United States,
and 2) to identify relationships between age, gender, race/
ethnicity, and bicycle-related trauma injury outcomes. This
research is expected to lay the foundation for future investigation into why helmet usage is uneven across racial, ethnic, and
socioeconomic groups, and potentially for other voluntary
health behaviors. The objective of the study was to examine
the relationship between helmet use and the bicycle-related
trauma injury outcomes measured through injury severity
score (ISS), hospital (HLOS), and ICU length of stay (ICU
LOS), and mortality among bicyclists with head/neck injury in
the United States.
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Methodology
Study design
We analyzed data from the National Trauma Data Bank
(NTDB) from 2002 to 2012. Maintained by the American
College of Surgeons, the NTDB contains more than
2.7 million patient records, contributed by over 900 trauma
centers and emergency rooms across the United States, and is
updated annually. Our study population includes 76,032
trauma-admitted patients involved in a bicycle-related accident (variable provided by the NTDB), whose primary reason
for the hospital or ICU stay was head or neck injury. Patients
who died at the scene, or in route to the emergency room or
trauma center, were included in the analysis.

Variables and measurements
The main predictor variable was helmet use (patients were
identified as those who were using a helmet during the time
of the accident, and those who did not). Other predictor variables were age, gender, and race/ethnicity. Age was categorized
as three age groups: <18 years old, 18–40 years old, and 40 years
and older. Gender was reported as male and female. Race/
ethnicity was reported as White, Black, Hispanic, Asian/
Pacific Islander (API) and others. NTSB provided all variables.
The outcome measures included: (1) Injury severity score
(ISS), an anatomical scoring system that provides an overall
score for patients with multiple injuries. The subscores of the
three most severely injured body regions are squared. These
are added together to produce the ISS score (14) which was
categorized into 5 groups: minor injury (1–3), moderate
injury (4–8), serious injury (9–15), severe injury (16–24),
and critical injury (25–75). It has further been categorized
into two groups: (1) hospitalized, but not in the intensive care
unit (ICU). (2) ICU length of stay, defined as the number of
consecutive days during which the patient was hospitalized in
the intensive care unit (ICU). (3) Mortality, defined as the
patient died from injuries sustained in the bicycle accident
both during their stay in the trauma center and in the emergency department or outside trauma center or emergency
department. It was categorized as yes/no.

Statistical analysis
Descriptive statistics was used to depict the population characteristics and examine the distribution of the variables.
Continuous variables were reported as mean, standard deviation, median and interquartile range (IQR). The level of missing
data was 9.7% (N= 7375) and we used listwise deletion of the
missing data. Categorical variables were reported as number
and percent. We tested the difference in the ISS, HLOS, and
ICULOS by helmet use and demographics using non-parametric
Mann Whitney U test for gender and Kruskal–Wallis test for age
groups and race/ethnicity. We tested the difference in the total
mortality and in-trauma center mortality by helmet use and age,
gender, race/ethnicity using chi-square test.
To test the independent relation between helmet use and
the HLOS, ICULOS, and ISS, we used the Zero-inflated

Negative Binomial Regression Model adjusting for the demographic variables. Data were presented as adjusted Beta coefficient and standard error.
To test the independent relation between helmet use and
the total mortality and the in-trauma center mortality, we
used multiple logistic regression adjusting for the demographic variables. Data were presented as adjusted odds ratio
(AOR) and 95% confidence intervals (CI). Data were analyzed
using SAS version 9.4 and p-value <0.05 was considered
statistically significant.

Results
We considered 76,032 trauma-admitted patients involved in
a bicycle-related accident diagnosed with head or neck injury
(Table 1). Of these, 33.7% were <17 years old, 27.0% were
18–39 years old, and 39.3% were 40 years and older. Males
constituted 81.1% of the study population, and females 18.9%.
Sixty-one percent (61.3%) of the population was White, 12.4%
Hispanic, 10.1% Black, 3.9% Other, and 2.7% Asian/Pacific
Islander (API). For the injury severity, 15% had a minor
injury and 53.8% had serious/critical injuries.
Only 22% (N = 16,789) of the overall study population
reported wearing helmets when involved in their bicycling
accident. The highest percent of helmet use was among adults
≤40 years old (31.8%) and the lowest was among and children
<17 years (12.1%) (p < .05). Female had a higher percent of
helmet use (28.3%) compared to male (20.6%) (p < .05). Helmet
use for Whites and Asian/Pacific Islanders (APIs) was higher
(27.3% and 26.6%, respectively) than that for Hispanics and
Blacks (7.6% and 6%, respectively) (p < .05) (Table 1).
Injury-related outcomes HLOS and both total mortality
and in-hospital mortality varied significantly by helmet use
(p < .05). ISS and ICULOS were not statistically different by
helmet use (p > .05). Patients wearing helmets had lower
HLOS, total mortality and in-hospital mortality compared to
those who did not wear helmets when involved in their
bicycling accident (p < .05) (Table 1).
Overall, males with head/neck injuries had higher HLOS,
ICULOS, and ISS than females with head/neck injuries
(Adjusted β = 0.195; 0.177; and 0.595, respectively), p <
.001). Blacks, Hispanics and Asian with head/neck injuries
had higher HLOS and ICULOS than Whites with head/neck
injuries (Adjusted β = 0.201; 0.243, respectively, for Blacks;
0.144, 0.140, respectively, for Hispanic; and 0.111, 0.119,
respectively, for API, p < .001) respectively) (Table 2).
Helmet use, age, gender, and race/ethnicity (Blacks and
Hispanics) were significant predictors of ISS (p < .05).
Helmet users, patients <40 years of age, and Hispanics and
Blacks had lower ISS relative to comparison groups (reference
groups: helmet non-users, patients ≥40 years old, Whites,
respectively) (Adjusted β = −0.67 for Helmet users, −3.13
for age 0–17 years, −2.56 for age 18–39 years, −0.717 for
Blacks, and −0.869 for Hispanics, respectively, p < .001).
Males had higher ISS compared to females (Adjusted β =
0.595, p < .001) (Table 2).
For total mortality, males with head/neck injuries were
36% more likely to die from injuries sustained in bicycle
accidents than females with head/neck injuries (AOR = 1.36,
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Table 1. Bivariate analysis of demographics and injury outcomes by helmet use
among bicyclists with head/neck trauma injury in the NTDB 2002–2012.
Bicyclists with head/neck injury (n = 76032)
Variables
Age
0–17
18–39
≥40
Gender
Male
Female
Race/Ethnicity*
White
Black
Hispanic
API**
Other
Injury Outcomes
Injury severity
score (ISS)
mean ± SD
Median (IQR)
Injury severity
score (ISS)
groups
Minor (1–3)
Moderate (4–8)
Serious (9–15)
Severe (16–24)
Critical (25–75)
HLOS (day)
mean ± SD
Median (IQR)
ICULOS (day)
mean ± SD
Median (IQR)
Total mortality
(N=)
In hospital
(N = 1188)
ED/Before
arrival to ED

Total
(n = 76032)
25603 (33.7%)
20549 (27.0%)
29880 (39.3%)

Helmet Use
(n = 16789)

No Helmet
(n = 59243)

p-value

3107 (12.1%) 22496 (87.9%) <0.0001
4192 (20.4%) 16357 (79.6%)
9490 (31.8%) 20390 (68.2%)

61645 (81.1%) 12723 (20.6%) 48922 (79.4%) <0.0001
14387 (18.9%) 4066 (28.3%) 10321 (71.7%)
46590
7650
9474
2078
2977

(61.3%) 12710 (27.3%) 33880 (72.7%) <0.0001
(10.1%)
462 (6.0%)
7188 (94.0%)
(12.4%)
722 (7.6%)
8752 (92.4%)
(2.7%)
553 (26.6%) 1525 (73.4%)
(3.9%)
538 (18.1%) 2439 (81.9%)

11.06 ± 9.33
9.00 (12.00)

10616
21359
16344
15380
5480

(15.4%)
(30.9%)
(23.6%)
(22.2%)
(7.9%)

11.15 ± 9.22
9.00 (12.00)

2045
4749
4174
3144
1091

11.03 ± 9.36
9.00 (12.00)

0.0638

(19.3%) 8571 (80.7%) <0.0001
(22.2%) 16610 (77.8%)
(25.5%) 12170 (74.5%)
(20.4%) 12236 (79.6%)
(19.9%) 4389 (80.1%)

3.50 ± 7.87
1.00 (3.00)

3.08 ± 5.36
1.00 (3.00)

3.62 ± 8.47
1.00 (3.00)

–
0.0060

3.81 ± 6.91
2.00 (3.00)
2295 (3.0%)

3.59 ± 6.36
2.00 (2.00)
357 (2.1%)

3.87 ± 7.03
2.00 (3.00)
1938 (3.3%)

–
0.3168
<0.0001

1738 (2.3%)

264 (1.6%)

1474 (2.5%)

<0.0001

557 (0.7%)

93 (0.6%)

464 (0.8%)

<0.0021

* Race/Ethnicity total missing 7263 (9.6%)
**Asian/Pacific Islander
Wilcoxon test was used to test median differences in ISS, HLOS, ICULOS.

Table 2. Adjusted beta coefficient and standard error $ of the hospital
(HLOS) and ICU length of stay (ICULOS), and injury severity score (ISS)
mortality in relation to helmet use among cyclist with head/neck injury,
NTDB 2002–2012.
Injury outcomes
Predictors
Helmet use
Yes
No
Race/ethnicity
White
Black
Hispanic
Asian/PI
Other
Age
0–17
18–39
≥40
Gender
Male
Female

HLOS

ICULOS

ISS

Adjusted β (SE)

Adjusted β (SE)

Adjusted β (SE)

−0.272 (0.017)**
Ref

−0.142 (0.019)**
Ref

−0.6709 (0.1012)*
Ref

Ref
0.201 (0.024)**
0.144 (0.021)**
0.111 (0.040)*
0.240 (0.036)**

Ref
0.243 (0.024)**
0.140 (0.023)**
0.119 (0.046)*
0.129 (0.039)*

Ref
−0.7176 (0.1209)*
−0.8691 (0.2163)*
−0.1186 (0.2165)
−0.1173 (0.1813)

−0.933 (0.018)**
−0.497 (0.017)**
Ref

−0.656 (0.017)**
−0.282 (0.018)**
Ref

−3.1333 (0.0842)*
−2.5572 (0.0886)*
Ref

0.195 (0.018)**
Ref

0.177 (0.019)**
Ref

0.5948 (0.0902)*
Ref

* Statistically significant at p < 0.001, ** Statistically significant at p < 0.0001
$
Using Zero-inflated Negative Binomial Regression Model
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Table 3. Adjusted odds ratio (AOR) $ and 95% confidence interval (CI) $ of the
mortality in relation to helmet use among cyclist with head/neck injury, NTDB
2002–2012.
Predictors
Helmet use
Yes
No
Race/ethnicity
White
Black
Hispanic
Asian/PI
Other
Age
0–17
18–39
≥40
Gender
Male
Female

Total mortality (in-hospital plus ED)

In hospital Mortality

AOR (95% CI)

AOR (95% CI)

0.56 (0.50–0.63)**
Ref

0.52 (0.45–0.59)**
Ref

1.19
1.17
1.28
1.18

Ref
(1.04–1.37)*
(1.03–1.34)*
(1.00–1.63)
(0.95–1.46)

1.09
1.14
1.17
1.09

Ref
(0.93–1.28)
(0.98–1.32)
(0.88–1.56)
(0.85–1.41)

0.27 (0.24–0.31)**
0.47 (0.42–0.52)**
Ref

0.22 (0.19–0.25)**
0.45 (0.40–0.51)**
Ref

1.36 (1.21–1.54)**
Ref

1.31 (1.14–1.51)**
Ref

* Statistically significant at p < 0.001, ** statistically significant at p < 0.0001
$
Multiple logistic regression

p < .05), as were Blacks and Hispanics with head/neck injuries
were 19% and 17%, respectively, more likely to die from
injuries sustained in bicycle accidents compared to Whites
with head/neck injuries (AOR = 1.19 and 1.17, respectively,
p < .001) (Table 3). For in-hospital mortality, males with
head/neck injuries were 31% more likely to die from injuries
sustained in bicycle accidents than females with head/neck
injuries (AOR = 1.31, p < .05) (Table 3). For both total
mortality and in-hospital mortality, patients younger than 40
years of age with head/neck injuries had a lower chance of
mortality relative to those ≤40 years old (p < .05) (Table 3).

Discussion
Only more than one fifth (22%) of the adult population and
12% of the younger riders in our study used helmets while
riding a bicycle. This is roughly consistent with other research
which reported less than 50% utilization rates in both adult
and younger population (9,15–17). Several barriers to helmet
use have been identified such as being “uncomfortable,”
“annoying,” and lack of access to helmet and lack of knowledge regarding helmet use (18–20).
Significant differences in helmet usage among different
races/ethnicity have also been identified in prior research.
For example, usage attributed to new mandatory helmet
laws in different cities found the largest increase among
White students (13). In another study, an analysis of
National Trauma Data Bank (NTDB) data from 2007, 2010,
and 2011 also indicates that White children younger than 16
years of age were more likely to wear helmets when involved
in a bicycle accident, compared to Black peers (21). In
a retrospective observational study of children aged<18,
Black and Hispanic children were less likely to wear helmets
(22). We found similar racial and ethnic differences in helmet
usage: Blacks were the least likely to use helmets, followed by
Hispanics. Conversely, Whites and Asian Pacific Islanders
were most likely to use helmets.
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Many studies have reported the clear protective benefit of
helmets. Meehan, et al. associated lower fatality rates in child
cyclists involved in bicycle-motor vehicle Bicycle with helmet
safety laws. (23). Likewise, in a recent study in Illinois, helmet
use was reported to be protective against traumatic brain injury in
the pediatric population (22). In an adult study population,
although motorcycle helmets use was associated with a decrease
in fatality rates, no significant difference of mortality, ICU admission rates, and HLOS was observed between bicyclists with and
without helmets (24). Our analysis supports the protective effect
of helmet use and highlights the need to educate different populations on the significant protection afforded by helmets.
Considering all race/ethnicity as a whole, bicyclists who wore
them and suffered head/neck injury were less likely to have
lower HLOS, lower ICULOS, and die than those who did not.
In our analysis, males had a higher chance to have serious/severe/
critical injury, were more likely to have longer days of hospital or
ICU stays and were more likely to die from their injuries. Analysis
of ISS indicates that ISS is lower when using a helmet relative to
not using a helmet. Previous studies have found that if a collision
occurs, the odds of a fatal outcome are less if the motorcycle
operator was a woman which can be explained by the effect of
gender on engaging in risky behaviors.
Wearing a helmet was also associated with lower hospital or
ICU days of stay, and these patients were less likely to die,
compared to non-helmet users. This decrease in mortality and
lower hospital and ICU stay are consistent with changes seen
following the enactment of a mandatory helmet law, and safety
information campaigns in Washington State in 1990 (25).
It is perhaps not surprising that females were more likely to
have worn a helmet than males when involved in an accident. It
is not entirely clear, however, why males in general had higher
hospital and ICU stay days, and in mortality. Compared to
Whites, there was a significantly higher hospital and ICU
length of stay, and higher mortality for Blacks and Hispanics.
Patients who are hospitalized or in ICU for that length of time
are seriously or critically injured. They may have been involved
in crashes so severe that wearing a helmet had little effect on
outcomes or suffered serious injury other than to the neck or
head. In our analysis, females and males benefitted almost
equally by wearing a helmet. The same may be said about
mortality; it is possible that patients who succumbed within
a relatively short time to their injuries may have been involved
in such serious accidents that the use of a helmet could not
change the final outcome, for both genders.
Our findings and other research suggest that mandatory helmet
laws can improve injury and mortality outcomes of bicycling
accidents. However, it remains unclear why compliance seems
uneven across different races/ethnicities when helmet use is mandated by law.
Limitations
The National Trauma Data Bank NTDB is known to suffer
from significant underreporting. Moreover, data on the type
or design of helmet worn by participants were not available.
We also did not attempt to differentiate between the
mechanics of injury, such as that caused by falling against
the curb, or that which resulted from a collision with a motor

vehicle. The division of age into two or three categorical
variables (for example, age, ISS) with a rigid cut off value
may lead to bias to interpret the data.

Conclusions
Our findings reveal a general underutilization of bicycle helmets;
only 21% of males, 28% of females, and 12% of children <17 years
old who suffered head/neck injury reported using them. The race/
ethnicity with the smallest proportion of helmet use were Blacks
(6%) and Hispanics (7.6%). These groups suffered from longer
hospital and ICU stays, and only Hispanics suffered from higher
mortality rates. Overall, our findings suggest wearing a helmet is
likely to reduce injury severity, HLOS, ICULOS, and mortality.
Further research is necessary into why helmet use practice is low
and uneven across racial/ethnic groups. In addition, our results
imply that these at-risk groups may benefit from injury prevention and outreach programs that aim to increase helmet use and
reduce the risk of head injury and hospitalization.
These patients may have been critically or mortally injured
or also suffered a serious injury to other parts of the body,
such that a helmet could offer protection against extended
stays or even death. This warrants further study to differentiate injury mechanism of injury.
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