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INTRODUCTION

Over the past few decades, traumatic brain injuries
(TBIs) have become one of the leading causes of death and
the leading cause of injury-related death in the USA." It is
estimated that 1.70 million people are subject to TBIs each
year.”) Males are more likely to sustain TBIs (59%); the most
common age groups are 0-5 years, 15-19 years, and >65
years.” Approximately 1.36 million people present to the
emergency department (ED), 275,000 are admitted to the
hospital, and 52,000 people die from TBIs.” The leading
causes of TBIs are falling (35.2%), motor vehicle collisions
(MVCs, 17.3%), struck by/against an object (16.5%), and
assault (10.0%).” These statistics combine to make TBIs the
leading cause of injury-related death in the USA at 30.5%."
It has been estimated that, with specific guidelines from the
Brain Trauma Foundation, up to 50.0% of the 52,000 TBI-
related deaths may be prevented."!

The purpose of this study is to determine the
difference in TBI outcomes caused by MVCs between
belted and unbelted victims. Since the introduction of
the first seatbelt law in 1984, it has become a well-
acknowledged fact that seatbelts do indeed aid in
reducing fatalities and injuries in MVCs. However,
this study seeks to identify the true differences in this
reduction, observing specific data of each patient belted
or unbelted with regard to specific clinical outcomes
including TBI severity, computed tomography (CT) scan
findings, hospital admission, intensive care unit (ICU)
care, and need for surgical interventions.
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METHODS

This Institutional Board Review approved
retrospective chart review consisted of consecutive adult
patients who presented to the Emergency Medicine and
Neurology, University of Central Florida College of
Medicine within 24 hours of their head injury in the year
2013. This cohort, derived from an ED TBI registry,”
represented the subset of patients who sustained their
TBIs as a result of MVCs, compared with another
mechanism such as fall, sport, or assault. Data were
abstracted from the electronic medical records using
a priori designed data abstraction form. The trained
abstractors entering the data were blinded to the study
hypotheses and outcomes. The cohort was assembled
from hospital records using ICD-9 codes for brain injury
(850.0-804.9, 850.0-854.0, and 959.01), which were
hand searched for the inclusion criteria of adults who
presented to the ED within 24 hours of their head injury.
Data collection included the location of the patient in the
vehicle (driver or passenger), whether or not they were
restrained, the severity of TBI, injury symptomatology,
whether or not they were admitted to the hospital after
ED evaluation, or required surgery. TBI severity was
defined using the Glasgow Coma Scale (GCS) upon
initial ED presentation, with mild TBI defined as GCS score
of 13 to 15, moderate as GCS score of 9 to 12, and severe as
GCS score of 8 or less. Subjects were divided by their age,
type of vehicle (four wheels or two wheels), results of
brain CT, need for hospital admission and ICU care, and
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whether the surgical intervention was required. A brain
CT was considered abnormal if any of the followings
was noted: extracalvarial soft tissue, skull or facial bone
fracture, herniation, subdural or epidural hematoma,
intraparenchymal or intraventricular hemorrhage, and
diffuse axonal injury.

Data were entered into REDCap (Research Electronic
Data Capture), a secure, web-based application designed to
support traditional case report form data capture. Statistical
analyses were performed using JMP 14.0 for the Macintosh,
and consisted of Chi-square tests and nominal regression
analyses with computations of odds ratio (OR) and their 95%
confidence interval (Cl) where appropriate. The independent
variable was the use of seatbelts. The dependent variables
used in the regression analysis included the presence of
abnormal head CT scan, hospital admission, ICU stay, TBI
severity, and surgical intervention.

RESULTS

There were 803 subjects in our cohort. The median
age of the cohort was 32 years with an interquartile range
of 23-49 years. Eighty percent of the cohort had mild
TBI, 3% moderate TBI, and 17% severe TBI as defined
by their GCSs. Sixty-two percent of the cohort were
drivers, 13% were front-seat passengers, 5% were back-
seat passengers, and 20% couldn’t remember whether
they were drivers, front-seat passengers, back-seat

Table 1. Outcomes based on seatbelt use in motor vehicle collisions

passengers, or were sitting in open air seating, such as
the flat bed of a truck. Just 45% of the cohort confirmed
wearing their seatbelt, with 25% not remembering
whether they did or not, and 30% stating they did not.
Regardless of their position, those not wearing a seatbelt
were more likely to have a loss of consciousness (LOC)
(P<0.001). For 14% of the cohort, LOC was not recorded,
so they were categorized as unknown. In an intention to treat
analysis if all these unknowns were presumed to not have
LOC, seatbelt use was still protective (OR=2.66, P<0.001).
Similarly, those not wearing a seatbelt were more likely
to have an alteration of consciousness (AOC) (OR=1.91,
P<0.001).

Table 1 shows the association of location of subject
and seatbelt use in relation to outcomes of their injury.
Patients without seatbelts did worse with regard to
every outcome (Z-test for proportions). Drivers who
went without seatbelts were twice as likely to have an
abnormal head CT over drivers who were restrained.
Similarly, drivers who were not restrained were almost
twice as likely to be admitted to the hospital and one and
a half times as likely to be admitted to the ICU. Front-
seat passengers who did not wear the seatbelts were 25%
more likely to be admitted to the hospital than those
who were restrained. The TBI severity was also affected
by seatbelt use with unrestrained drivers being almost
four times as likely to have a more severe TBI. Surgical
interventions, including ventriculostomy and craniotomy,

Outcomes Location of patients Seatbelt use Number Percent P-value
Abnormal head CT Driver Yes (n=253) 52 20.5 <0.001
No (n=157) 63 40.1
Front-seat passenger Yes (n=56) 16 28.5 0.497
No (n=32) 13 40.6
Hospital admission Driver Yes (n=282) 95 33.7 <0.001
No (n=164) 101 61.6
Front-seat passenger Yes (n=60) 25 41.7 0.017
No (n=36) 24 66.7
ICU admission Driver Yes (n=95) 40 42.1 0.044
No (n=101) 57 56.4
Front-seat passenger Yes (n=25) 10 40.0 0.787
No (n=24) 11 45.8
TBI severity Driver Yes (n=282) 21 7.5 <0.001
No (n=164) 47 28.6
Front-seat passenger Yes (n=60) 3 5.0 0.063
No (n=36) 7 19.4
Surgical intervention Driver Yes (n=282) 13 4.6 0.019
No (n=164) 17 10.4
Front-seat passenger Yes (n=36) 6 10.0 0.936
No (n=60) 3 8.3

CT: computed tomography; ICU: intensive care unit; TBI: traumatic brain injury; the subjects who couldn’t remember whether they did or not

wear their seatbelt were excluded.

Table 2. Seatbelt use and odds ratio of abnormal brain CT imaging, hospital admission, and death

Parameters No seatbelt Yes seatbelt P-value OR 95% CI
Abnormal brain CT 39% 23% <0.001 2.20 1.50-3.20
Hospital admission 61% 36% <0.001 2.85 2.04-4.01
In-hospital death 8% 2% <0.001 4.80 1.98-13.40
Death at three months 8% 2% 0.002 3.40 1.45-7.95

CT: computed tomography; OR: odds ratio; Cl: confidence interval.
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were performed two times more often on unrestrained
drivers. Similarly, almost half of all front-seat passengers
who did not wear their seatbelts were admitted to the ICU.
Table 2 depicts the odds of hospital admission, abnormal
imaging, and death with seatbelt use and without seatbelt
use. In addition to these univariate correlations, multivariable
logistic regression models were built (Figure 1).

DISCUSSION

The current study demonstrates the association between
seatbelt use and outcomes after MVC. Drivers were at the
highest risk for a severe TBI if they were not restrained
with a seatbelt. Both drivers and passengers could avoid
more severe TBIs, surgical interventions, admissions to the
hospital and/or ICU, and abnormal head CTs with seatbelt
use. Interestingly, this study was conducted in a state with a
primary seatbelt law, and used the seatbelt defense to lower

damages in applicable civil suits.

MVC-related injuries, specifically TBI-related
injuries, are among the leading causes of death in the USA,
particularly with the younger and middle-aged generations.
One form of TBI prevention in MVCs is the use of seatbelts.
It has been reported that the implementation of primary
enforcement laws for seatbelt use is much better than the
secondary enforcement of seatbelt laws.'*” The primary
enforcement law, where a police officer can pull over a
driver with the sole cause being an absence of the use
of a seatbelt, is used in 31 states and the District of
Colombia.™ The secondary enforcement law allows the
officer to ticket for the absence of seatbelt only when the
officer has pulled over the driver for another offense."!
Within each law, there are differences in the location and the
age of the passenger regarding the necessity of a seatbelt.
Regardless of the specifics, the difference of enforcement
is seen as a valid means for increasing the use of seatbelt

Factors LogWorth P-value =~ Lower 95% CI Upper 95% CI
Presence of AOC 15.666 i : : <0.001  —0.240 —0.149
Alcohol before injury 8.613 3 ; <0.001 0.096 0.189
Seatbelt use 5224 [0 <0.001 0.058 0.146
Arrival via EMS 5028 [ ] <0.001 0.111 0.283
Loss of consciousness 2271 [ 0.005  —0.103 -0.018
Sex 0815 [ ! § 0.153  —0.022 0.142
Race 0369 [1 ! § 0.427  -0.031 0.072
Age 0218 | : 0.605  —0.003 0.002
Vomiting 0.215 || : 3 0.609  —0.271 0.159
Model 1. seatbelt use vs. TBI severity (n=786, R’=0.261).

Factors LogWorth P-value  Lower 95% CI Upper 95% CI
Presence of AOC 8.797 || <0.001  -0.136 —0.070
Age 8.482 ] <0.001 0.004 0.007
Arrival via EMS 8.277 ‘ ‘ . ‘ T ¢ <0.001 0.134 0.267
Alcohol before injury 3.697 : : 1 ’ 0.000 0.032 0.102
Seatbelt use 3001 [ ] ‘ 0.001 0.023 0.088
Sex 0.963 [ § § 0.109  —0.011 0.112
Race 0.515 [ 0306  —0.018 0.059
Loss of consciousness 0426 [] 0.375 —0.046 0.017
Vomiting 0.060 [ 0.870  —0.144 0.170
Model 2. seatbelt use vs. abnormal head CT (n=716, R*=0.228).

Factors LogWorth P-value  Lower 95% CI Upper 95% CI
Presence of AOC 8.954 3 3 | <0.001 —0.202 -0.105
Alcohol before injury 3.661 : : L 0.000 0.051 0.164
Arrival via EMS 2372 [ 0.004  —0.011 0.094
Seatbelt use 0912 [ 3 0.123  —0.011 0.094
Loss of consciousness 0614 [ 0.243 —0.087 0.022
Vomiting 0432 [ ! 0370  —0.138 0.369
Race 0.167 ] 0.681  —0.086 0.056
Age 0.152 ] 0.705  —0.002 0.003
Sex 0.069 0.854  —0.090 0.109

Model 3. seatbelt use vs. ICU admission (n=348, R’=0.208).

Figure 1. Multivariable logistic models analyzing seatbelt use versus TBI severity, abnormal head CT, and ICU admission. AOC: alteration of consciousness;
EMS: emergency medical service; ICU: intensive care unit; TBI: traumatic brain injury; CT: computed tomography; Cl: confidence interval.

Www.wjem.com.cn



World J Emerg Med, Vol 12, No 1, 2021

71

and thereby decreasing the rate of TBIs in MVCs. In states
where primary enforcement was used, there was an average
10.1% increase in the use of seatbelts over states that used
secondary enforcement.” Primary enforcement states have
seen 88.2% of the population using seatbelts with secondary
states seeing 79.2% (Centers for Disease Control and
Prevention [CDC], unpublished data 2010).

Relating the use of seatbelts to TBI, the differences
between belted and unbelted victims are seen both
in the severity of the injury" and the injury location.
Unbelted victims are more likely to sustain damage in
the posterior cortical portion of the brain."” Studies by
the National Highway Traffic Safety Administration
(NHTSA) have proven the effectiveness of seatbelts in
reducing major and minor injuries as well as fatalities in
MVCs. Seatbelts were found to be effective in reducing
fatal injuries by 45% and serious injuries by 50%.""
Contributing more to the case for seatbelts, research
showed that in the time period in which 14 more states
passed the primary enforcement law, both MVC fatalities
and MVC injuries declined."” It was estimated in 2009
by NHTSA that, with the use of a seatbelt or safety
restraint, 450 lives could have been saved and 12,000
injuries prevented (NHTSA, unpublished data 2009)."”!
Along with the lives, 1.6 billion dollars in costs could
have been saved if states had been using the primary
enforcement laws (NHTSA, unpublished data 2009).
Despite these statistics, it was estimated that 16% of the
USA population occupied a vehicle without a seatbelt.!

It is believed that the use of seatbelts could be the
limiting factor in reducing TBI-related deaths caused by
MVCs. The most compelling data for this argument can
be seen in studies related to the enforcement of seatbelts in
all 50 states. TBI-related deaths have been on the decline
since the 1980s mostly due to the increase in seatbelt
enforcement in all 50 states and District of Colombia.!"”!
During the years of 2001-2009, 14 additional states were
added to the list of primary enforcement states, and in this
eight-year period, MVC-related fatalities significantly
decreased.””’ Studies have found groups like obese drivers,
males, and drivers under the influence of alcohol, having
a low record of seatbelt use, demonstrate the increased
use of seatbelts in states where the primary seatbelt law
is enforced."” For example, drivers under the influence
of alcohol in states with the primary enforcement law are
15% more likely to use a seatbelt than those driving in
states with the secondary enforcement law."*'*! Likewise,
obese drivers in states where the primary seatbelt law is
enforced are 14% more likely to use a seatbelt than those
in states with the secondary enforcement law.""” The

implementation of the primary enforcement law shows
an obvious increase in seatbelt use, thus decreasing the
number of severe TBIs in drivers and passengers involved
in MVCs. A study shows the level of importance for
seatbelt use, ranking it as a more important factor than
driver error and demographics such as age and gender in
injury severity."® From our results, the validity of seatbelts
in reducing TBI severity is only further confirmed.

Though rates of TBI-related injuries have been
decreasing and the use of seatbelts has been increasing over
the past few decades, a startling number of preventable
injuries still exist. This study aims to educate occupants of
vehicles on the correlation of TBI and seatbelt use, and in
doing so encourages the use of seatbelts in motor vehicle
occupants. From the results, a direct correlation was found
in the absence of seatbelts and severe TBIs and other
factors as a result of the measure of TBI severity. Primary
enforcement laws have been shown to increase seatbelt
use."""*""! As this study was conducted in a state where the
primary enforcement law exists, a different approach must
be taken. One approach that could be taken is from the
education aspect, showing occupants of motor vehicles the
consequences of an absence of seatbelts in relation to TBIs.

The strengths of the current study include its
consecutive nature, large sample size, and patient-level
data. Its limitations are that it is a single-center study, and
its retrospective nature means the reasons for wearing or
not wearing a seatbelt could not be discerned.

CONCLUSIONS

Not wearing a seatbelt is significantly associated
with having a worse head injury, being admitted to the
hospital, and requiring intensive care or surgery. The use
of seatbelts confers significant protection against adverse
sequelae following TBIs. These data serve to underscore the
importance of injury prevention efforts.
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