
Surveillance Summaries / Vol. 64 / No. 8 October 2, 2015 

U.S. Department of Health and Human Services
Centers for Disease Control and Prevention

Morbidity and Mortality Weekly Report

Motor Vehicle Crashes, Medical 
Outcomes, and Hospital Charges Among 

Children Aged 1–12 Years — 
Crash Outcome Data Evaluation System, 

11 States, 2005–2008



Surveillance Summaries

The MMWR series of publications is published by the Center for Surveillance, Epidemiology, and Laboratory Services, Centers for Disease Control and Prevention (CDC), 
U.S. Department of Health and Human Services, Atlanta, GA 30329-4027.
Suggested citation: [Author names; first three, then et al., if more than six.] [Title]. MMWR Surveill Summ 2015;64(No. SS-#):[inclusive page numbers].

Centers for Disease Control and Prevention
Thomas R. Frieden, MD, MPH, Director 

Harold W. Jaffe, MD, MA, Associate Director for Science 
Joanne Cono, MD, ScM, Director, Office of Science Quality 

Chesley L. Richards, MD, MPH, Deputy Director for Public Health Scientific Services
Michael F. Iademarco, MD, MPH, Director, Center for Surveillance, Epidemiology, and Laboratory Services 

MMWR Editorial and Production Staff (Serials)
Sonja A. Rasmussen, MD, MS, Editor-in-Chief

Charlotte K. Kent, PhD, MPH, Executive Editor 
Christine G. Casey, MD, Editor

Teresa F. Rutledge, Managing Editor
David C. Johnson, Lead Technical Writer-Editor

Catherine B. Lansdowne, MS, Project Editor

Martha F. Boyd, Lead Visual Information Specialist
Maureen A. Leahy, Julia C. Martinroe, 

Stephen R. Spriggs, Brian E. Wood,
Visual Information Specialists

Quang M. Doan, MBA, Phyllis H. King,
Teresa C. Moreland, Terraye M. Starr

Information Technology Specialists

MMWR Editorial Board
Timothy F. Jones, MD, Nashville, TN, Chairman
Matthew L. Boulton, MD, MPH, Ann Arbor, MI

Virginia A. Caine, MD, Indianapolis, IN
Jonathan E. Fielding, MD, MPH, MBA, Los Angeles, CA

David W. Fleming, MD, Seattle, WA
William E. Halperin, MD, DrPH, MPH, Newark, NJ

King K. Holmes, MD, PhD, Seattle, WA
Rima F. Khabbaz, MD, Atlanta, GA

Patricia Quinlisk, MD, MPH, Des Moines, IA
Patrick L. Remington, MD, MPH, Madison, WI
William L. Roper, MD, MPH, Chapel Hill, NC

William Schaffner, MD, Nashville, TN

CONTENTS

Introduction ............................................................................................................1

Methods ....................................................................................................................2

Results .......................................................................................................................4

Discussion ................................................................................................................6

Limitations ...............................................................................................................7

Conclusion ...............................................................................................................7

References ................................................................................................................8



Surveillance Summaries

MMWR / October 2, 2015 / Vol. 64 / No. 8 1

Motor Vehicle Crashes, Medical Outcomes, and Hospital Charges 
Among Children Aged 1–12 Years — Crash Outcome Data Evaluation 

System, 11 States, 2005–2008
Erin K. Sauber-Schatz, PhD1,2

Andrea M. Thomas, MS3

Lawrence J. Cook, PhD3
1Division of Unintentional Injury Prevention, National Center for Injury Prevention and Control, CDC, Atlanta, Georgia

2U.S. Public Health Service
3Department of Pediatrics, University of Utah, Salt Lake City, Utah

Abstract

Problem: Motor vehicle crashes are a leading cause of death among children. Age- and size-appropriate restraint use is an effective 
way to prevent motor vehicle–related injuries and deaths. However, children are not always properly restrained while riding in a 
motor vehicle, and some are not restrained at all, which increases their risk for injury and death in a crash.
Reporting Period: 2005–2008.
Description of the System: The Crash Outcome Data Evaluation System (CODES) is a multistate program facilitated by the 
National Highway Traffic Safety Administration to probabilistically link police crash reports and hospital databases for traffic 
safety analyses. Eleven participating states (Connecticut, Georgia, Kentucky, Maryland, Minnesota, Missouri, Nebraska, New 
York, Ohio, South Carolina, and Utah) submitted data to CODES during the reporting period. Descriptive analysis was used 
to describe drivers and child passengers involved in motor vehicle crashes and to summarize crash and medical outcomes. Odds 
ratios and 95% confidence intervals were used to compare a child passenger’s likelihood of sustaining specific types of injuries 
by restraint status (optimal, suboptimal, or unrestrained) and seating location (front or back seat). Because of data constraints, 
optimal restraint use was defined as car seat or booster seat use for children aged 1–7 years and seat belt use for children aged 
8–12 years. Suboptimal restraint use was defined as seat belt use for children aged 1–7 years. Unrestrained was defined as no use 
of car a seat, booster seat, or seat belt for children aged 1–12 years.
Results: Optimal restraint use in the back seat declined with child’s age (1 year: 95.9%, 5 years: 95.4%, 7 years: 94.7%, 8 years: 
77.4%, 10 years: 67.5%, 12 years: 54.7%). Child restraint use was associated with driver restraint use; 41.3% of children riding 
with unrestrained drivers also were unrestrained compared with 2.2% of children riding with restrained drivers. Child restraint 
use also was associated with impaired driving due to alcohol or drug use; 16.4% children riding with drivers suspected of alcohol 
or drug use were unrestrained compared with 2.9% of children riding with drivers not suspected of such use. Optimally restrained 
and suboptimally restrained children were less likely to sustain a traumatic brain injury than unrestrained children. The 90th 
percentile hospital charges for children aged 4–7 years who were in motor vehicle crashes were $1,630.00 and $1,958.00 for those 
optimally restrained in a back seat and front seat, respectively; $2,035.91 and $3,696.00 for those suboptimally restrained in a back 
seat and front seat, respectively; and $9,956.60 and $11,143.85 for those unrestrained in a back seat and front seat, respectively.
Interpretation: Proper car seat, booster seat, and seat belt use among children in the back seat prevents injuries and deaths, as well 
as averts hospital charges. However, the number, severity, and cost of injuries among children in crashes who were not optimally 
restrained or who were seated in a front seat indicates the need for improvements in proper use of age- and size-appropriate car 
seats, booster seats, and seat belts in the back seat.
Public Health Actions: Effective interventions for increasing proper child restraint use could be universally implemented by states 
and communities to prevent motor vehicle–related injuries among children and their resulting costs.

Corresponding author: Erin K. Sauber-Schatz, Division of 
Unintentional Injury Prevention, National Center for Injury 
Prevention and Control, CDC. Telephone: 770-488-0566; 
E-mail: esauberschatz@cdc.gov.

Introduction
Motor vehicle crashes are a leading cause of death among 

children in the United States (1–3). In 2013, 638 children aged 
≤12 years died as passengers in a motor vehicle crash (of these 
38% were known to be unrestrained) (4), and approximately 
127,266 were injured (1). Thousands of children are not 
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restrained while riding in motor vehicles (3). Research shows 
that age- and size-appropriate child restraint use is the most 
effective method for reducing child passenger injuries and 
deaths in the event of a crash. Car seat use reduces the risk for 
death among infants (i.e., children aged <1 year) by 71% and 
among toddlers (aged 1–4 years) by 54% in passenger vehicles 
(5,6). Booster seat use reduces the risk for serious injury by 
45% among children aged 4–8 years when compared with seat 
belt use alone (7). For older children and adults, seat belt use 
reduces the risk for death and serious injury by approximately 
half (8). On the basis of this evidence, CDC (2,3), the National 
Highway Traffic Safety Administration (NHTSA) (9), and the 
American Academy of Pediatrics (AAP) (10,11) recommend 
using age- and size-appropriate child restraints (including car 
seats and booster seats) until adult seat belts fit properly. Adult 
seat belts fit properly when the lap belt lays across the upper 
thighs, not the abdomen, and the shoulder belt lays across 
the shoulder and chest, not the neck or face (3). In addition, 
all children aged ≤12 years should be properly restrained in a 
back seat for optimal protection.

Because of the lack of a multistate crash database, more 
is known about children who die in motor vehicle crashes 
than about those who are injured. As directed by Congress, 
NHTSA created the Crash Outcome Data Evaluation System 
(CODES) in 1991 to estimate the effectiveness of seat belts and 
motorcycle helmets at reducing injuries associated with motor 
vehicle crashes; over time, CODES grew to study all aspects of 
crashes. The purpose of CODES is to gain an understanding 
of motor vehicle crash injuries through probabilistic linkage of 
crash and health care data (12). CODES provides a rich source 
of data by joining information from the transportation and 
health sectors. Specifically, transportation data generally lacks 
information on health outcomes (i.e., types and severities of 
injuries), and health data generally lack information on risk 
factors (i.e., restraint use). Together, transportation and health 
data provide a more complete picture of the crash, injury risk 
and protective factors, and resulting health outcomes and costs.

The combined transportation and health data available 
through CODES allowed additional exploration of the use of 
car seats, booster seats, and seat belts among children involved 
in crashes and their resulting health outcomes and medical 
charges. Age- and size-appropriate use of car seats, booster seats, 
and seat belts by children is effective at reducing injuries and 
deaths; however, these restraints are not always properly used. 
This report summarizes 2005–2008 CODES data to describe 
the pattern of motor vehicle crashes, medical outcomes, and 
hospital charges among children aged 1–12 years by type of 
restraint and seating position. The findings in this report can 
be used by states and communities, health care providers, 
parents and caregivers, and decision makers to improve child 

passenger safety through the use of effective interventions that 
in turn will prevent a leading cause of death among children, 
motor vehicle crash injuries.

Methods
Data Source and Database Creation

To describe characteristics of restraint use and seating 
position of child passengers aged 1–12 years who were 
involved in motor vehicle crashes and to examine how 
restraint use among children is associated with various crash 
characteristics, injuries and medical outcomes, and hospital 
charges, 2005–2008 CODES data were analyzed from 11 
states (Connecticut, Georgia, Kentucky, Maryland, Minnesota, 
Missouri, Nebraska, New York, Ohio, South Carolina, and 
Utah). The CODES Data Network is a multistate program 
that was facilitated by NHTSA to probabilistically link motor 
vehicle crash databases (i.e., police crash reports) and hospital 
databases for traffic safety analyses. Probabilistic linkage uses 
personal and event information common to a pair of records to 
estimate the probability that a specific police crash report and 
hospital record describe the same person and event. Linking 
information might include names, date of birth, sex, date and 
time of crash and of hospital treatment, crash and hospital 
location, and the roles of persons and vehicle types involved. 
Because certain variables match between data sets and others 
do not, possibly because of missing or incorrect data, this 
method was extended in CODES to use multiple imputation 
of missing links and data. A more complete discussion of 
probabilistic linkage is described elsewhere (13–15). Individual 
CODES analysts were responsible for linking data from their 
own state police crash and hospital files. CODES analysts have 
extensive training with probabilistic linkage and use the same 
probabilistic linkage software, CODES2000 (16).

To combine all state data sets into a single analytical database, 
each state’s police crash reports and hospital files were mapped 
onto a standardized set of data elements known as the general 
use model (GUM). GUM, developed through a joint effort 
between CODES and the NHTSA state data system, provides 
a standardized set of data elements routinely collected on police 
crash reports (17,18).

GUM contains 50 crash variables and 18 medical outcomes. 
The crash variables include information about the time, 
location, and circumstances of the crash; vehicles involved 
and vehicle characteristics; and injured and uninjured persons 
involved in the crash as reported by law enforcement. Medical 
outcomes (e.g., extremity fracture, treated and released, and 
hospitalization) were derived from emergency department and 
hospital discharge databases and include billing information 
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related to the visit, such as billed charges, length of stay, and 
discharge status. Missing values were imputed for all variables 
using sequences of regression models implemented using 
statistical software (19,20).

Inclusion Criteria
GUM data from 11 CODES states (Connecticut, Georgia, 

Kentucky, Maryland, Minnesota, Missouri, Nebraska, New 
York, Ohio, South Carolina, and Utah) for the crash years 
2005–2008 were included in the analysis; 2008 is the most 
recent year for which GUM data are available. Child passengers 
aged 1–12 years riding in passenger vehicles or light trucks 
involved in crashes occurring on public roadways were 
included. Abnormal distribution of age 0 years suggests some 
states used 0 years to represent an unknown age. Therefore, 
age 0 designation data were excluded. Passenger vehicles 
and light trucks include sedans, station wagons, pickup 
trucks, sport utility vehicles, and passenger vans or minivans. 
The final sample consisted of 417,651 crashes involving 
634,238 children aged 1–12 years in passenger vehicles in the 
11 CODES states during 2005–2008.

Variables and Measures
Demographic information was collected both for the 

child passengers and their drivers. Driver age was classified 
as ≤20, 21–29, 30–39, 40–49, 50–59, and ≥60 years. Child 
passenger age was reported both as a continuous and categorical 
variable, with age groups defined as 1–3, 4–7, and 8–12 years. 
These age groups were selected on the basis of child passenger 
restraint use and seating position recommendations during 
2005–2008. Race/ethnicity was not collected in most of the 
CODES states’ crash reports; therefore, race/ethnicity data were 
not included in the analysis.

Information on the police crash report was collected, including 
driver’s restraint use (restrained or unrestrained), suspicion of 
alcohol/drug use (suspected or not suspected), driver distraction 
(distracted or not distracted), whether the crash was speed related 
(speed related or not speed related), the time of the crash (day, 6:00 
am–8:59 pm, or night, 9:00 pm–5:59 am), the location of the 
crash (urban [population >5,000] or rural [population ≤5,000]), 
and the vehicle model year (before 2002 and 2002 or later). The 
2002 vehicle model year cutoff was used to account for the changes 
to federal regulations for car seat automobile anchors known as 
lower anchors and tethers for children (LATCH) (http://www.
nhtsa.gov/Safety/LATCH) during 2001 and 2002. LATCH was 
regulated to facilitate the proper installation of car seats.

Restraint status was defined as optimal, suboptimal, or 
unrestrained. Because of the way in which the data were collected, 
optimal restraint use was defined as car seat or booster seat use 

for children aged 1–7 years and seat belt use for children aged 
8–12 years. Suboptimal restraint use was defined as seat belt use 
for children aged 1–7 years. Although CDC recommends that 
children use a car seat until at least age 5 years and a booster seat 
until adult seat belts fit properly (2,3), GUM data on specific types 
of seats were not reliable; therefore, car seat and booster seat use 
were combined and classified as optimal restraint use for analyses 
(Box). CDC also recommends booster seat use among children 
aged 8–12 years until the  adult seat belt fits properly (2,3). 
However, because GUM defined restraint use as either a seat belt or 
unrestrained for children aged 8–12 years, for the purposes of this 
report, no children aged 8–12 years could be classified as having 
used booster seats. Due to analytical constraints, the suboptimal 
case definition does not apply to children aged 8–12 years; 
therefore, no children in this age group could be classified as 
being suboptimally restrained. Children were classified as being 
unrestrained when no restraint use was reported (including no car 
seat, booster seat, or seat belt). Child seating position has three 
categories: front, back, and other (other compartment and vehicle 
exterior); however, only front and back (rows two through four) 
for all ages are reported.

BOX. Child restraint use classifications

Ages 1–3 years
Optimal: Car seat or booster seat use*
Suboptimal: Seat belt use (without booster seat)
Unrestrained: No use of car seat, booster seat, or seat belt

Ages 4–7 years
Optimal: Car seat or booster seat use
Suboptimal: Seat belt use (without booster seat)
Unrestrained: No use of car seat, booster seat, or seat belt

Ages 8–12 years
Optimal: Seat belt use†

Suboptimal: Not applicable
Unrestrained: No use of car seat, booster seat, or seat belt

* Because of data constraints, data were categorized in broad age groups. 
CDC recommends rear-facing car seats for children from birth up to 
age 2 years (or until the child reaches the upper weight or height limit 
of their seat), forward-facing car seats for children aged 2 years up to at 
least age 5 (or until the child reaches the upper weight or height limit of 
their seat), and booster seats once a child outgrows their forward-facing 
car seat until seat belts fit properly. Adult seat belts fit properly when the 
lap belt lays low and snug across the upper thighs, not the abdomen, and 
the shoulder belt lays across the middle of the chest and shoulder, not 
the neck or face (available at http://www.cdc.gov/motorvehiclesafety/
child_passenger_safety/cps-factsheet.html).

† Many children aged 8–12 years are not yet tall enough to obtain proper seat 
belt fit and would benefit from the continued use of a booster seat (11). 
Consequences for seat belt use among children who are not tall enough 
to use a seat belt without a booster seat include more severe injuries and 
additional deaths (10,11). CDC recommends booster seats use until seat 
belts fit properly.

http://www.nhtsa.gov/Safety/LATCH
http://www.nhtsa.gov/Safety/LATCH
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Crash variables reported in this study included driver 
airbag deployment (deployed, not deployed, or deployment 
not applicable); the first harmful event (noncollision 
[e.g., roll-over incident], motor vehicle in transport, crash 
with nonfixed object, or crash with fixed object); initial 
impact point on the occupant’s vehicle (front of vehicle, rear 
of vehicle, driver’s side, passenger’s side, other, or noncollision); 
and police-reported injury severity (fatal injury, incapacitating 
injury, nonincapacitating injury, possible injury, no injury, 
or injury with unknown severity). Injury severities were 
defined according to the Model Minimum Uniform Crash 
Criteria (MMUCC). A fatal injury was defined as an injury 
that resulted in death within 30 days after the crash. An 
incapacitating injury was defined as any injury, other than a 
fatal injury, that prevented the injured person from walking, 
driving, or normally continuing the activities the person was 
able to perform before the injury. This is often defined in 
practice as needing help from the scene. A nonincapacitating 
injury was defined as an injury (other than a fatal injury or 
an incapacitating injury) that was evident to observers at the 
scene of the crash in which the injury occurred. Examples 
of nonincapacitating injuries include contusions (bruises), 
lacerations, or a bloody nose. A possible injury was defined as 
a report of pain without visible injury.

Health variables reported in this analysis include the level of 
care (not treated at a hospital [e.g., did not link to a hospital 
record], emergency department visit, admitted to a hospital, 
or died), hospital discharge status, and total charges combined 
across all linked hospital records. Data on body regions injured 
and type of injury also were reported for child passengers. For 
child passengers, the most common body regions injured and 
types of injury were considered for analyses on the basis of 
specificity of injury (i.e., with “other” not being considered 
a specific injury) and clinical significance. The body regions 
included were head and neck, which includes head, face, 
and neck and traumatic brain injuries (TBIs); extremity; 
torso; vertebral column; systemwide (details available at 
http://www.cdc.gov/nchs/injury/ice/barell_matrix.htm); and 
spinal column. The types of injury included were contusion/
superficial injury, open wounds, fracture, sprains and strains, 
and internal injuries. Hospital charges in 2008 dollars for child 
passengers also were collected. Median and 90th percentile 
hospital charges were calculated for child passengers by restraint 
use, seating position, and age.

Analysis
Numbers and percentages were used to describe drivers 

and child passengers involved in motor vehicle crashes and to 
summarize crash characteristics, injured body region, nature 

of injury, medical outcome, and hospital charges according to 
child restraint use, seating position, and age. Because children 
can have multiple injuries, they can be represented in multiple 
categories for body region and type of injury. Medians and 
90th percentiles were used to compare hospital charges by 
child restraint use, seating position, and age. Odds ratios, 
determined by using single variable logistic regression, and 95% 
confidence intervals (CIs) were used to compare a passenger’s 
likelihood of sustaining specific types of injuries by restraint 
levels (optimal, suboptimal, or unrestrained) and age group. 
Findings were statistically significant at a p value of <0.05. 
All analyses were conducted using statistical software (20). 
The institutional review boards of the University of Utah and 
CDC approved this study.

Results
Characteristics of Children

During 2005–2008, a total of 634,238 children aged 
1–12 years were involved in a motor vehicle crash in 11 
CODES states. Of these children, 50.4% were boys and 49.7% 
were girls. The proportion of children in the data set decreased 
with increasing age, from 10.6% for children aged 1 year to 
7.7% for children aged 12 years.

Car Seat and Booster Seat Use 
and Seating Position

Among children aged 1–3 years, 79.9% were using a car seat 
or booster seat, 17.8% were using a seat belt, and 2.3% were 
unrestrained at the time of the crash. Among children aged 
4–7 years, 35.9% were using a car seat or booster seat, 61.0% 
were using a seat belt, and 3.1% were unrestrained at the time 
of the crash. Among children aged 8–12 years, 96.4% were 
restrained and 3.6% were unrestrained.

The majority of children were sitting in a back seat at the 
time of the crash; however, this proportion decreased as the 
child’s age increased. For instance, 93.0% of children aged 
1–3 years, 86.3% of children aged 4–7, and 67.2% of children 
aged 8–12 years were sitting in a back seat at the time of the 
crash (Table 1).

A higher percentage of children who were optimally 
restrained also were sitting in a back seat (Table 2). A significant 
decrease occurred among children who were optimally 
restrained and sitting in the back seat from age 7 years (94.7%) 
to age 8 years (77.4%); only 54.7% of restrained children aged 
12 years were sitting in a back seat. Among the children who 
were unrestrained, 25.0%–32.3% of children aged 8–12 years 
were in the front seat, with the percentage varying by age.

http://www.cdc.gov/nchs/injury/ice/barell_matrix.htm
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Characteristics of Drivers
A higher percentage of female drivers (72.7%) had optimally 

restrained children than male drivers (69.5%). Male drivers 
also were more likely to have unrestrained child passengers 
(3.9%) than female drivers (2.6%). Drivers aged ≤20 years 
had the highest percentage of unrestrained child passengers 
(5.8%), followed by drivers aged 50–59 years (3.8%) and aged 
≥60 years (3.5%). The youngest and oldest drivers also had the 
highest percentage of children riding in a front seat (Table 3).

Drivers with risky driving behaviors (as reported on the crash 
report), including those who were driving unrestrained, driving 
with suspected alcohol or drug use, driving while distracted, or 
in a speed-related crash, had a higher percentage of unrestrained 
child passengers. Among the children riding with unrestrained 
drivers, 41.3% of children also were unrestrained, compared 
with 2.2% among the restrained drivers. In addition, 29.2% of 
the children riding with unrestrained drivers were in the front 
seat, compared with 18.8% of children riding with restrained 
drivers. Drivers suspected of alcohol or drug use that was a 
contributing factor to the crash had a higher percentage of 
unrestrained child passengers (16.4%) and child passengers 
riding in a front seat (32.1%) compared with drivers not 
suspected of alcohol or drug use (2.9% unrestrained; 19.1% 
front seat). Drivers who were distracted or in a speed-related 
crash also had a lower percentage of optimally restrained 
children, a higher percentage of unrestrained children, and a 
higher percentage of children riding in the front seat compared 
with drivers who were not distracted and did not have a speed-
related crash (Table 3).

A higher percentage (71.9%) of children were optimally 
restrained during daytime crashes (6:00 a.m.–8:59 p.m.) 
than during night-time crashes (67.5%; 9:00 p.m.–5:59 a.m.) 
(Tables 3–10). In addition, a higher percentage of children 
were unrestrained during night-time crashes (5.5%) compared 
with daytime crashes (2.9%). Crashes that occurred in urban 
locations had a slightly lower percentage of optimally restrained 
children (71.8%) but a lower percentage of unrestrained 
children (2.9%) and a lower percentage of children riding in a 
front seat (17.5%) than crashes that occurred in rural locations 
(73.0%, 4.2%, and 19.2%, respectively). A higher percentage 
of children riding in newer vehicles (2002 or later) when 
they crashed were optimally restrained (75.9%), and a lower 
percentage were unrestrained (1.9%) compared with children 
riding in older vehicles (70.5% and 3.8%, respectively).

Body Region Injured
Head, face, or neck injuries were the most prevalent body 

region injured among children aged 1–3 years and 4–7 years, 
followed by extremity injuries. Extremity injuries were the most 

prevalent among children aged 8–12 years, followed by head, 
face, or neck injuries. Regardless of age group, unrestrained 
children had the highest percentage of injuries for each body 
region. Children optimally and suboptimally restrained 
had minor differences in body region injured, by age group 
(Table 11) (Table 12).

Unrestrained children had approximately 7 times the 
percentage of TBIs compared with either optimally or 
suboptimally restrained children. For example, 0.2% of 
children aged 4–7 years who were optimally restrained and 
0.3% of children who were suboptimally restrained experienced 
a TBI, compared with 2.2% of unrestrained children of the 
same age (Table 11). In all but one instance, children sitting 
in a back seat had an equal or lower percentage of injuries by 
body region compared with children sitting in a front seat 
(Table 11).

Type of Injury
Contusions and other superficial injuries were the most 

prevalent type of injury regardless of age (Table 13) (Table 14). 
The second most common type of injury among children 
aged 1–3 years and 4–7 years was open wounds and among 
children aged 8–12 years was sprains and strains (Table 13). 
Suboptimally restrained children aged 4–7 years reported 
higher percentages for each nature of injury as compared with 
their optimally restrained counterparts. For example, 4.5% 
of suboptimally restrained children had a contusion or other 
superficial injury compared with 3.7% of optimally restrained 
children (Table 13). Regardless of age, unrestrained children 
had the highest percentage of each type of injury (Table 13) 
(Table 14).

Odds of Injury
Children aged 1–3 years who were optimally restrained (i.e., 

in a car seat or booster seat) were less likely to have neck, back, or 
abdominal injuries (odd ratio [OR] = 0.37; 95% CI = 0.32–0.41); 
to have a TBI (OR = 0.13; 95% CI = 0.10–0.17); or to be 
hospitalized (OR = 0.41; 95% CI = 0.38–0.45) than children 
aged 1–3 years who were unrestrained (Table 15) (Table 16). 
Children aged 1–3 years who were riding in a back seat 
were less likely to have neck, back, or abdominal injuries 
(OR = 0.83; 95% CI = 0.75, 0.92) or a TBI (OR = 0.65; 
95% CI = 0.48–0.88) than children aged 1–3 years riding in 
a front seat.

For children aged 4–7 years, being optimally restrained 
(car seat or booster seat) reduced the odds of neck, back, or 
abdominal injuries when compared with being suboptimally 
restrained (seat belt) (OR = 0.81; 95% CI = 0.77–0.84); the 
odds were reduced even further when compared with being 
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unrestrained (OR = 0.28; 95% CI = 0.25–0.3) (Table 15) 
(Table 16). Children aged 4–7 years who were suboptimally 
restrained with a seat belt also had a lower odds of neck, back, 
or abdominal injuries than children who were unrestrained 
(OR = 0.35; 95% CI 0.32–0.38).

These trends were similar for TBIs among children 
aged 4–7 years. Specifically, children aged 4–7 years who 
were optimally restrained had significantly lower odds of 
a TBI than children who were suboptimally restrained 
(OR  =  0.79; 95% CI  =  0.66–0.95) or unrestrained 
(OR = 0.10; 95% CI = 0.08–0.12, respectively) (Table 15) 
(Table 16). Children aged 4–7 years who were optimally 
restrained also had the lowest odds of being hospitalized, 
followed by those who were suboptimally restrained. In 
addition, sitting in a back seat compared with the front 
decreased the odds for neck, back, or abdominal injuries; TBIs; 
and hospitalization among children aged 4–7 years.

Children aged 8–12 years who were restrained had much lower 
odds of having neck, back, or abdominal injuries; having TBIs; 
and being hospitalized than their unrestrained counterparts. 
Sitting in a back seat was also protective among children aged 
8–12 years when compared with sitting in the front seat. 
Children aged 8–12 years who were restrained in the back seat 
versus restrained in the front seat were less likely to have neck, 
back, or abdominal injuries (OR = 0.84; 95% CI = 0.81–0.87); 
to have a TBI (OR = 0.83; 95% CI = 0.71–0.97); or to be 
hospitalized (OR = 0.90; 95% CI = 0.87–0.92) (Table 15) 
(Table 16).

Hospital Charges
Among all age groups, the median (Table 17) (Table 18) 

and 90th percentile (Table 19) (Table 20) hospital charges 
in 2008 dollars for all charges incurred during motor vehicle 
crashes increased from optimal to suboptimal to unrestrained 
and from back to front seating position. For example, the 
median hospital charges for children aged 4–7 years were 
$369.18 for those optimally restrained, $422.15 for those 
suboptimally restrained, and $619.00 for those unrestrained; 
the charges were $404.94 for those in a back seat and $472.32 
for those in a front seat. The 90th percentile hospital charges 
for children aged 4–7 years who were in motor vehicle crashes 
were $1,630.00 and $1,958.00 for those optimally restrained 
in a back seat and front seat, respectively; $2,035.91and 
$3,696.00 for those suboptimally restrained in a back seat and 
front seat, respectively; and $9,956.60 and $11,143.85 for 
those unrestrained in a back seat and front seat, respectively.

Discussion
This multistate, multiyear analysis provides linked data that 

highlight differences in the frequencies and odds of various 
injuries, medical outcomes, and charges among children 
by age, restraint type, and seating position. The number 
and percentage of children involved in a crash who were 
suboptimally restrained (approximately 160,800 children aged 
1–7 years), unrestrained (approximately 20,000 children aged 
1–12 years), or seated in a front seat instead of a back seat 
(approximately 119,000 children aged 1–12 years) indicate 
that many child passengers are at risk and that their safety can 
be substantially improved.

Parents and caregivers are the first line of defense for children 
in a crash; therefore, strategies for improving child passenger 
safety should focus on helping parents and caregivers learn how 
to properly buckle their children in age- and size-appropriate 
car seats, booster seats, and seat belts in the back seat on 
every trip. Findings from this study further confirmed that 
parents often prematurely transition children to the next, less 
protective, stage of child passenger restraint and that overall 
restraint use decreases as age increases. With every transition 
to the next stage of restraint (e.g., rear-facing seat to forward-
facing seat, forward-facing seat to booster seat, and from 
booster seat to seat belt), children are less protected in a crash. 
For instance, this study examined the difference between seat 
belt use and car seat or booster seat use among children aged 
4–7 years, children who, based on growth charts, should all be 
restrained in car seats or booster seats. The use of a car seat or 
booster seat among children aged 4–7 years reduced the risk 
for neck, back, or abdominal injuries; traumatic brain injuries; 
and hospitalization compared with seat belt use alone. This 
demonstrates that keeping children in age- and size-appropriate 
car seats and booster seats improves child passenger safety and 
supports current child passenger safety recommendations.

Several effective strategies can be used to help parents and 
caregivers improve child passenger safety. They include child 
passenger restraint laws that require car seat or booster seat 
use for children through age 8 years, car seat and booster seat 
giveaways and seat loaner programs that include education for 
parents or caregivers, and increasing the number of certified 
Child Passenger Safety Technicians (2,3). These certified 
technicians provide free, one-on-one, personalized instruction 
on how to properly install and use car seats and booster seats 
(information available at http://cert.safekids.org). Child 
passenger restraint laws that reflect the best available science can 
help protect the greatest number of children and increase car 

http://cert.safekids.org
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seat and booster seat use, which in turn reduce motor vehicle 
injuries and deaths. For example, a study of five states that 
increased the age requirement to age 7 or 8 years for car seat 
and booster seat use found that the rate of children using car 
seats and booster seats increased nearly three times and the rate 
of children who died or had incapacitating injuries decreased 
by 17% (21). In addition, the Community Preventive Services 
Task Force (The Guide to Community Preventive Services, or 
The Community Guide) also recommends car seat and booster 
seat laws, as well as distribution plus education programs for 
car seat and booster seats based on strong evidence of their 
effectiveness for increasing restraint use and decreasing injuries 
and deaths among child passengers (22). Distribution plus 
education programs also are recommended in a more recent 
review for increasing restraint use (23).

Decreasing risky driving behaviors, such as seat belt nonuse 
and alcohol-impaired driving, also might help protect child 
passengers. In this study, drivers who engaged in risky 
driving behaviors, including driving unrestrained, driving 
with suspected alcohol or drug use, and involvement in 
speed–or distracted-related crashes, all had higher percentages 
of unrestrained child passengers and child passengers in 
the front seat at the time of the crash. Enforcement and 
implementation of effective interventions intended for 
adults to increase restraint use and prevent impaired driving, 
distracted driving, and speeding can reduce the risk of motor 
vehicle crashes (24, 25) and in turn also might reduce the 
risk for injury to child passengers. An estimated one in five 
child passenger deaths involve an alcohol-impaired driver (8), 
and typically the child’s driver is the person who is impaired 
(8,26). Effective strategies for decreasing alcohol-impaired 
driving include sobriety checkpoints, requiring ignition 
interlocks for all convicted alcohol-impaired driving offenders, 
0.08% blood alcohol concentration (BAC) laws, maintaining 
current minimum legal driving age laws, and zero tolerance 
BAC laws (24).

Limitations
The findings in this report are subject to at least two 

limitations. First, distinguishing whether children were riding 
buckled in a car seat or a booster seat was not possible. In 
addition, determining whether children aged 8–12 years were 
buckled in a booster seat was not possible because GUM 
defined restraint use as either a seat belt or unrestrained for 
children aged 8–12 years. Many children aged 8–12 years are 
not yet tall enough for a seat belt to fit properly and therefore 

would benefit from the continued use of a booster seat (11). 
Consequences for seat belt use among children who are not 
tall enough to use a seat belt without a booster seat include 
more severe injuries and additional deaths (10,11); therefore, 
prevalence of booster seat use among children in crashes and 
the difference in medical outcomes and charges is an important 
issue that could not be assessed in this study. Observational 
2013 data on restraint use among children aged ≤12 years 
show that 32% of children who were 37–53 inches tall and 
73% of children who were 54–56 inches tall were prematurely 
graduated to seat belt use without a booster seat (27). This 
demonstrates the potential for injury prevention through 
continued booster seat use until adult seat belts fit properly.  
Second, certain data were missing. Frequently, analyses using 
databases with missing data simply exclude cases that are 
missing one or more analytical variables. Although the rate 
for individual missing values of variables might be small, 
the cumulative effect of missing data can result in a large 
number of records being excluded from an analysis of multiple 
variables. For this reason, missing data were imputed both 
in the crash and hospital databases. A separate imputation 
model was built for each state’s data using chained regression 
models as implemented in the statistical software used. The 
predistribution and postdistribution of analytical variables 
were compared to verify consistency. The uncertainty added 
by multiple imputation can lead to inflated standard errors. 
However, the resulting increase in sample size by including 
all observations in the analysis often offsets this increase and 
results in lower measures of variability.

Conclusion
Linked crash and medical data were used to provide a more 

complete picture of motor vehicle crashes and their medical 
costs and outcomes. A 2014 CDC study showed that for 
every motor vehicle passenger killed in a crash in 2012, eight 
were hospitalized, and 100 were treated and released from the 
emergency department (28). Nonfatal crash injuries occur 
frequently, resulting in substantial costs to individuals, families, 
employers, and society (28). The Moving Ahead for Progress in 
the 21st Century Act recognizes the goal of reducing injuries 
and deaths and requires states to monitor and report on serious 
crash injuries, in addition to deaths (29). Comprehensive data, 
which can be achieved through data linkage, will improve the 
ability of government, employers, and health and traffic safety 
organizations to understand and prevent motor vehicle crash 
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injuries including among child passengers. CDC and NHTSA 
have evaluated 25 state data linkage programs and provide 
information that states can use to start or improve their data 
linkage efforts (30).

Continued linkage between police report data on motor 
vehicle crashes and the associated medical data is needed to 
allow states, communities, and researchers to better understand 
motor vehicle crashes, as well as their risk and protective factors 
and resulting medical outcomes and costs. These data provide 
additional information about motor vehicle–related injuries 
that do not result in death but still have a significant impact 
on public health and medical and societal costs.

This study uses linked data and reinforces the knowledge that 
proper car seat, booster seat, and seat belt use among children 
prevents injuries, including head, neck, and abdominal 
injuries and TBIs, decreases deaths, and reduces hospital 
charges. However, the number, severity, and cost of injuries 
among children in crashes who were not optimally restrained 
or who were not seated in a back seat indicates the need for 
improvement in proper use of age- and size-appropriate car 
seats, booster seats, and seat belts in the back seat.

Although strategies to prevent injuries and deaths among 
child passengers in motor vehicle crashes are well established, 
they are not universally implemented (2,3). Through the 
implementation of effective interventions (2,3,24,25) 
health care providers, parents and caregivers, and states and 
communities can do more to help keep child passengers safe 
and prevent a leading cause of death among children.
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TABLE 3. Motor vehicle crash and driver characteristics, by child restraint use and seating position among children aged 1–12 years — 
Crash Outcome Data Evaluation System, 11 states, 2005–2008

Characteristic

Restraint use Seating position

Optimal Suboptimal Unrestrained Front Back

No. (%) No. (%) No. (%) No. (%) No. (%)

Total 452,640 (71.6) 160,273 (25.4) 19,300 (3.1) 118,789 (19.0) 505,699 (81.0)

Driver sex*
Male 153,232 (69.5) 58,470 (26.5) 8,635 (3.9) 44,764 (20.6) 172,925 (79.4)
Female 299,408 (72.7) 101,803 (24.7) 10,665 (2.6) 74,025 (18.2) 332,774 (81.8)

Driver age (yrs)*
≤20 27,540 (70.2) 9,404 (24.0) 2,286 (5.8) 10,657 (27.4) 28,313 (72.7)
21–29 110,663 (68.3) 46,106 (28.5) 5,220 (3.2) 23,119 (14.4) 137,209 (85.6)
30–39 171,429 (72.4) 59,322 (25.1) 5,891 (2.5) 40,515 (17.4) 192,740 (82.6)
40–49 95,870 (75.1) 28,315 (22.2) 3,458 (2.7) 27,810 (22.1) 98,196 (77.9)
50–59 28,749 (71.2) 10,139 (25.1) 1,519 (3.8) 9,763 (24.5) 30,147 (75.5)
≥60 18,389 (69.9) 6,987 (26.6) 926 (3.5) 6,925 (26.6) 19,094 (73.4)

Driver restraint use*
Restrained 446,687 (72.3) 157,931 (25.6) 13,458 (2.2) 114,697 (18.8) 495,796 (81.2)
Unrestrained 5,953 (42.1) 2,342 (16.6) 5,842 (41.3) 4,092 (29.2) 9,903 (70.8)

Driver airbag deployment*
Deployed 43,006 (71.0) 14,491 (23.9) 3,058 (5.1) 12,270 (2.7) 448,774 (97.3)
Not deployed 401,047 (71.7) 142,573 (25.5) 15,474 (2.8) 103,282 (68.4) 47,684 (31.6)
Deployment not applicable 8,587 (68.4) 3,209 (25.5) 768 (6.1) 3,237 (25.9) 9,241 (74.1)

Driver alcohol/drug use*,†

Suspected 3,430 (55.6) 1,732 (28.1) 1,013 (16.4) 1,967 (32.1) 4,155 (67.9)
Not suspected 392,625 (71.3) 142,251 (25.8) 16,211 (2.9) 103,776 (19.1) 439,794 (80.9)

Driver distraction*,†

Distracted 44,420 (70.0) 16,429 (25.9) 2,656 (4.2) 14,240 (22.5) 49,008 (77.5)
Not distracted 351,635 (71.2) 127,554 (25.8) 14,568 (3.0) 91,503 (18.8) 394,941 (81.2)

Driver injury severity*
Killed 423 (54.3) 145 (18.6) 211 (27.1) 182 (23.7) 585 (76.3)
Incapacitated 5,137 (64.4) 1,809 (22.7) 1,032 (12.9) 1,871 (23.6) 6,050 (76.4)
Not incapacitated 19,784 (67.9) 7,180 (24.6) 2,179 (7.5) 6,524 (22.6) 22,392 (77.4)
Possible injury 68,556 (70.7) 24,502 (25.3) 3,905 (4.0) 17,360 (18.1) 78,720 (81.9)
Not injured 358,072 (72.1) 126,418 (25.5) 11,943 (2.4) 92,715 (18.9) 397,171 (81.1)
Injured, severity unknown 668 (72.9) 219 (23.9) 30 (3.3) 137 (14.9) 781 (85.1)

See table footnotes on next page.
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TABLE 3. (Continued) Motor vehicle crash and driver characteristics, by child restraint use and seating position among children aged 1–12 years — 
Crash Outcome Data Evaluation System, 11 states, 2005–2008

Characteristic

Restraint use Seating position

Optimal Suboptimal Unrestrained Front Back

No. (%) No. (%) No. (%) No. (%) No. (%)

Total 452,640 (71.6) 160,273 (25.4) 19,300 (3.1) 118,789 (19.0) 505,699 (81.0)
Driver level of care*
Not treated in hospital 378,140 (71.9) 133,927 (25.5) 13,852 (2.6) 99,363 (19.2) 419,616 (80.9)
Treated in emergency department 71,049 (70.5) 25,130 (24.9) 4,628 (4.6) 18,178 (18.2) 81,888 (81.8)
Hospitalized 3,021 (64.5) 1,059 (22.6) 603 (12.9) 1,063 (22.8) 3,592 (77.2)
Died 429 (53.5) 157 (19.6) 217 (27.0) 185 (23.5) 602 (76.5)

Speed*,†

Speed related 16,731 (68.9) 5,849 (24.1) 1,715 (7.1) 5,241 (21.7) 18,910 (78.3)
Not speed related 385,313 (71.3) 139,569 (25.8) 15,625 (2.9) 101,643 (19.1) 431,366 (80.9)
Time of day
Day (6:00 a.m.–8:59 p.m.) 418,458 (71.9) 146,597 (25.2) 16,645 (2.9) 109,012 (19.0) 465,568 (81.0)
Night (9:00 p.m.–5:59 a.m.) 35,453 (67.5) 14,207 (27.0) 2,878 (5.5) 10,310 (19.9) 41,605 (80.1)

Location†

Urban (>5,000 population) 248,788 (71.8) 87,379 (25.2) 10,148 (2.9) 59,470 (17.5) 280,707 (82.5)
Rural (≤5,000 population) 58,908 (73.0) 18,379 (22.8) 3,413 (4.2) 15,252 (19.2) 64,238 (80.8)

Initial impact point†

No collision 2,414 (69.4) 824 (23.7) 240 (6.9) 751 (22.0) 2,658 (78.0)
Front 155,024 (69.6) 59,691 (26.8) 7,931 (3.6) 49,380 (22.5) 169,764 (77.5)
Right 27,714 (70.2) 10,360 (26.2) 1,434 (3.6) 8,005 (20.5) 30,980 (79.5)
Rear 95,550 (72.5) 33,794 (25.6) 2,459 (1.9) 24,065 (18.7) 104,920 (81.3)
Left 28,324 (70.0) 10,889 (26.9) 1,247 (3.1) 8,097 (20.3) 31,818 (79.7)
Other 11,002 (72.1) 3,561 (23.4) 687 (4.5) 2,920 (19.3) 12,244 (80.7)

First harmful event†

No collision 5,996 (65.7) 2,228 (24.4) 907 (9.9) 1,923 (21.5) 7,013 (78.5)
Motor vehicle in transport 376,844 (71.6) 135,547 (25.8) 13,911 (2.6) 98,018 (18.9) 421,499 (81.1)
Nonfixed object 31,179 (73.7) 10,013 (23.7) 1,119 (2.6) 7,482 (17.8) 34,485 (82.2)
Fixed object 27,429 (70.2) 9,175 (23.5) 2,477 (6.3) 8,363 (21.6) 30,394 (78.4)

Vehicle age†

Before 2002 155,015 (70.5) 56,443 (25.7) 8,410 (3.8) 45,681 (20.8) 173,870 (79.2)
2002 or later 94,583 (75.9) 27,660 (22.2) 2,381 (1.9) 19,423 (15.6) 105,055 (84.4)

* A total of 2,025 children did not have driver data included in their record.
† Certain states did not collect this variable.
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TABLE 4. Motor vehicle crash and driver characteristics, by child restraint use and seating position among children aged 1–3 years — 
Crash Outcome Data Evaluation System, 11 states, 2005–2008

Characteristic

Restraint use Seating position

Optimal Suboptimal Unrestrained Front Back

No. (%) No. (%) No. (%) No. (%) No. (%)

Total 145,371 (79.9) 32,372 (17.8) 4,148 (2.3) 12,645 (7.0) 167,995 (93.0)
Driver sex*
Male 44,672 (75.5) 12,666 (21.4) 1,846 (3.1) 5,619 (9.6) 53,150 (90.4)
Female 100,699 (82.1) 19,706 (16.1) 2,302 (1.9) 7,026 (5.8) 114,845 (94.2)
Driver age (yrs)*
≤20 9,484 (73.2) 2,937 (22.7) 528 (4.1) 1,419 (11.0) 11,472 (89.0)
21–29 58,674 (81.6) 11,641 (16.2) 1,593 (2.2) 4,704 (6.6) 66,802 (93.4)
30–39 52,211 (82.2) 10,290 (16.2) 1,046 (1.7) 3,438 (5.5) 59,591 (94.6)
40–49 15,427 (76.1) 4,287 (21.2) 551 (2.7) 1,642 (8.2) 18,466 (91.8)
50–59 6,074 (73.4) 1,931 (23.3) 267 (3.2) 840 (10.3) 7,355 (89.8)
≥60 3,501 (70.7) 1,286 (26.0) 163 (3.3) 602 (12.3) 4,310 (87.7)
Driver restraint use*
Restrained 142,897 (80.4) 31,818 (17.9) 3,055 (1.7) 11,979 (6.8) 164,567 (93.2)
Unrestrained 2,473 (60.0) 554 (13.5) 1,093 (26.5) 666 (16.3) 3,428 (83.7)
Driver airbag deployment*
Deployed 14,725 (81.82) 2,679 (14.9) 592 (3.3) 1,153 (6.4) 16,757 (93.6)
Not deployed 127,857 (79.69) 29,176 (18.2) 3,404 (2.1) 11,107 (7.0) 148,175 (93.0)
Deployment not applicable 2,789 (80.66) 517 (14.9) 152 (4.4) 386 (11.2) 3,063 (88.8)
Driver alcohol/drug use*,†

Suspected 982 (61.0) 409 (25.4) 219 (13.6) 315 (19.6) 1,290 (80.4)
Not suspected 126,621 (79.4) 29,391 (18.4) 3,436 (2.2) 11,235 (7.1) 146,980 (92.9)
Driver distraction*,†

Distracted 14,928 (78.4) 3,572 (18.8) 545 (2.9) 1,669 (8.8) 17,333 (91.2)
Not distracted 112,675 (79.3) 26,228 (18.5) 3,109 (2.2) 9,881 (7.0) 130,938 (93.0)
Driver injury severity*
Killed 161 (73.0) 17 (7.7) 42 (19.3) 17 (7.6) 202 (92.4)
Incapacitated 1,710 (76.6) 356 (16.0) 165 (7.4) 206 (9.3) 2,018 (90.7)
Not incapacitated 6,795 (78.9) 1,394 (16.2) 421 (4.9) 712 (8.3) 7,860 (91.7)
Possible injury 22,868 (78.7) 5,288 (18.2) 899 (3.1) 1,749 (6.1) 27,166 (94.0)
Not injured 113,619 (80.3) 25,263 (17.9) 2,612 (1.9) 9,944 (7.1) 130,487 (92.9)
Injured, severity unknown 218 (77.9) 54 (19.2) 8 (2.9) 18 (6.4) 263 (93.7)

See table footnotes on next page.
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TABLE 4. (Continued) Motor vehicle crash and driver characteristics, by child restraint use and seating position among children aged 
1–3 years — Crash Outcome Data Evaluation System, 11 states, 2005–2008

Characteristic

Restraint use Seating position

Optimal Suboptimal Unrestrained Front Back

No. (%) No. (%) No. (%) No. (%) No. (%)

Total 145,371 (79.9) 32,372 (17.8) 4,148 (2.3) 12,645 (7.0) 167,995 (93.0)
Driver level of care*
Not treated in hospital 119,539 (80.0) 26,933 (18.0) 2,971 (2.0) 10,659 (7.2) 137,668 (92.8)
Treated in emergency department 24,676 (79.8) 5,213 (16.9) 1,034 (3.3) 1,840 (6.0) 28,957 (94.0)
Hospitalized 993 (76.4) 209 (16.1) 98 (7.5) 129 (10.0) 1,165 (90.0)
Died 163 (72.5) 17 (7.8) 44 (19.8) 17 (7.7) 205 (92.3)
Speed*,†

Speed related 5,491 (77.9) 1,230 (17.4) 332 (4.7) 658 (9.4) 6,376 (90.7)
Not speed related 123,647 (79.4) 28,769 (18.5) 3,339 (2.1) 10,983 (7.1) 143,546 (92.9)
Time of day
Day (6:00 a.m.–8:59 p.m.) 135,664 (80.7) 28,979 (17.2) 3,534 (2.1) 11,311 (6.8) 155,692 (93.2)
Night (9:00 p.m.–5:59 a.m.) 10,068 (70.6) 3,519 (24.7) 670 (4.7) 1,421 (10.0) 12,755 (90.0)
Location†

Urban (>5,000 population) 80,876 (79.0) 19,158 (18.7) 2,410 (2.4) 6,418 (6.3) 94,995 (93.7)
Rural (≤5,000 population) 18,333 (81.2) 3,627 (16.1) 631 (2.8) 1,674 (7.5) 20,739 (92.5)
Initial impact point†

No collision 800 (77.8) 167 (16.2) 61 (5.9) 104 (10.2) 917 (89.8)
Front 50,367 (78.9) 11,758 (18.4) 1,698 (2.7) 5,561 (8.8) 57,661 (91.2)
Right 9,059 (79.0) 2,099 (18.3) 310 (2.7) 858 (7.5) 10,519 (92.5)
Rear 29,773 (81.4) 6,278 (17.2) 529 (1.5) 2,462 (6.8) 33,693 (93.2)
Left 9,169 (79.2) 2,191 (18.9) 211 (1.8) 863 (7.5) 10,625 (92.5)
Other 3,626 (83.3) 593 (13.6) 132 (3.0) 327 (7.5) 4,010 (92.5)
First harmful event†

No collision 2,018 (74.5) 512 (18.9) 180 (6.6) 284 (10.6) 2,398 (89.4)
Motor vehicle in transport 121,297 (79.7) 27,763 (18.2) 3,160 (2.1) 10,399 (6.9) 140,712 (93.1)
Nonfixed object 9,349 (81.5) 1,901 (16.6) 228 (2.0) 733 (6.4) 10,692 (93.6)
Fixed object 9,694 (80.8) 1,830 (15.3) 476 (4.0) 1,050 (8.8) 10,898 (91.2)
Vehicle age†

Before 2002 48,953 (77.5) 12,449 (19.7) 1,782 (2.8) 5,088 (8.1) 58,052 (91.9)
2002 or later 29,514 (82.6) 5,724 (16.0) 513 (1.4) 1,642 (4.6) 34,089 (95.4)

* A total of 2,025 children did not have driver data included in their record.
† Certain states did not collect this variable.
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TABLE 5. Motor vehicle crash and driver characteristics, by child restraint use and seating position among children aged 4–7 years — 
Crash Outcome Data Evaluation System, 11 states, 2005–2008

Characteristic

Restraint use Seating position

Optimal Suboptimal Unrestrained Front Back

No. (%) No. (%) No. (%) No. (%) No. (%)

Total 75,454 (36.0) 127,901 (61.0) 6,432 (3.1) 28,326 (13.7) 178,247 (86.3)
Driver sex*
Male 22,970 (32.1) 45,803 (64.1) 2,737 (3.8) 11,396 (16.2) 59,122 (83.8)
Female 52,484 (38.0) 82,098 (59.4) 3,695 (2.7) 16,930 (12.4) 119,125 (87.6)
Driver age (yrs)*
≤20 1,990 (22.1) 6,467 (71.7) 564 (6.3) 2,035 (22.7) 6,918 (77.3)
21–29 21,201 (36.7) 34,465 (59.7) 2,110 (3.7) 8,185 (14.4) 48,805 (85.6)
30–39 32,661 (39.0) 49,032 (58.6) 2,004 (2.4) 9,622 (11.7) 72,588 (88.3)
40–49 13,238 (34.6) 24,029 (62.8) 1,008 (2.6) 4,775 (12.7) 32,896 (87.3)
50–59 3,732 (30.1) 8,208 (66.1) 475 (3.8) 2,106 (17.2) 10,152 (82.8)
≥60 2,633 (30.6) 5,701 (66.3) 271 (3.2) 1,604 (18.9) 6,887 (81.1)
Driver restraint use*
Restrained 74,537 (36.4) 126,113 (61.5) 4,410 (2.2) 27,083 (13.4) 174,807 (86.6)
Unrestrained 917 (19.4) 1,788 (37.8) 2,022 (42.8) 1,243 (26.5) 3,440 (73.5)
Driver airbag deployment*
Deployed 7,345 (36.4) 11,811 (58.5) 1,026 (5.1) 3,143 (15.8) 16,773 (84.2)
Not deployed 66,807 (36.0) 113,398 (61.2) 5,147 (2.8) 24,293 (13.3) 158,131 (86.7)
Deployment not applicable 1,302 (30.6) 2,692 (63.3) 260 (6.1) 891 (21.0) 3,343 (79.0)
Driver alcohol/drug use*,†

Suspected 466 (21.3) 1,322 (60.5) 396 (18.2) 593 (27.4) 1,573 (72.6)
Not suspected 63,922 (35.1) 112,860 (62.0) 5,329 (2.9) 24,774 (13.8) 154,173 (86.2)
Driver distraction*,†

Distracted 7,213 (34.4) 12,857 (61.3) 909 (4.3) 3,697 (17.7) 17,186 (82.3)
Not distracted 57,175 (35.0) 101,326 (62.0) 4,816 (3.0) 21,670 (13.5) 138,561 (86.5)
Driver injury severity*
Killed 67 (24.6) 128 (47.2) 77 (28.2) 55 (20.8) 211 (79.2)
Incapacitated 872 (32.6) 1,452 (54.4) 348 (13.0) 525 (19.8) 2,130 (80.2)
Not incapacitated 3,146 (32.5) 5,785 (59.8) 746 (7.1) 1,767 (18.4) 7,821 (81.6)
Possible injury 11,375 (35.6) 19,215 (60.1) 1,360 (4.3) 4,043 (12.8) 27,561 (87.2)
Not injured 59,860 (36.3) 101,155 (61.3) 3,893 (2.4) 21,907 (13.5) 140,244 (86.5)
Injured, severity unknown 136 (43.7) 165 (53.4) 9 (2.9) 30 (9.6) 280 (90.5)

See table footnotes on next page.
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TABLE 5. (Continued) Motor vehicle crash and driver characteristics, by child restraint use and seating position among children aged 4–7 years — 
Crash Outcome Data Evaluation System, 11 states, 2005–2008

Characteristic

Restraint use Seating position

Optimal Suboptimal Unrestrained Front Back

No. (%) No. (%) No. (%) No. (%) No. (%)

Total 75,454 (36.0) 127,901 (61.0) 6,432 (3.1) 28,326 (13.7) 178,247 (86.3)
Driver level of care*
Not treated in hospital 63,003 (36.1) 106,994 (61.3) 4,529 (2.6) 23,687 (13.8) 147,945 (86.2)
Treated in emergency department 11,904 (35.6) 19,918 (59.6) 1,622 (4.9) 4,313 (13.0) 28,825 (87.0)
Hospitalized 478 (31.2) 850 (55.5) 204 (13.3) 270 (17.7) 1,255 (82.3)
Died 68 (23.9) 140 (48.9) 78 (27.2) 57 (20.5) 222 (79.5)
Speed*,†

Speed related 2,639 (33.7) 4,619 (58.9) 586 (7.5) 1,325 (17.0) 6,463 (83.0)
Not speed related 63,055 (35.2) 110,800 (61.9) 5,174 (2.9) 24,292 (13.8) 151,596 (86.2)
Time of day
Day (6:00 a.m.–8:59 p.m.) 70,963 (36.5) 117,618 (60.6) 5,627 (2.9) 26,033 (13.6) 165,178 (86.4)
Night (9:00 p.m.–5:59 a.m.) 4,673 (28.8) 10,688 (65.8) 891 (5.5) 2,447 (15.3) 13,582 (84.7)
Location†

Urban (>5,000 population) 42,651 (37.3) 68,221 (59.7) 3,409 (3.0) 13,350 (12.0) 98,309 (88.0)
Rural (≤5,000 population) 10,135 (39.0) 14,752 (56.7) 1,122 (4.3) 3,525 (13.8) 22,009 (86.2)
Initial impact point†

No collision 373 (33.9) 658 (59.7) 72 (6.5) 188 (17.3) 897 (82.7)
Front 24,425 (32.5) 47,933 (63.8) 2,727 (3.6) 12,946 (17.6) 60,652 (82.4)
Right 4,458 (33.8) 8,262 (62.6) 485 (3.7) 1,982 (15.3) 11,015 (84.8)
Rear 16,006 (36.1) 27,516 (62.1) 813 (1.8) 5,606 (13.0) 37,514 (87.0)
Left 4,440 (32.7) 8,698 (64.1) 424 (3.1) 2,066 (15.5) 11,281 (84.5)
Other 1,956 (38.0) 2,968 (57.7) 224 (4.4) 725 (14.2) 4,392 (85.8)
First harmful event†

No collision 922 (31.6) 1,716 (58.9) 276 (9.5) 511 (17.9) 2,349 (82.1)
Motor vehicle in transport 62,752 (35.8) 107,783 (61.5) 4,639 (2.7) 23,158 (13.4) 149,129 (86.6)
Nonfixed object 5,312 (38.5) 8,111 (58.9) 361 (2.6) 1,687 (12.4) 11,972 (87.7)
Fixed object 4,443 (35.1) 7,344 (58.0) 872 (6.9) 2,181 (17.4) 10,347 (82.6)
Vehicle age†

Before 2002 25,668 (35.4) 43,994 (60.7) 2,851 (3.9) 11,396 (15.7) 61,031 (84.3)
2002 or later 17,890 (44.1) 21,936 (54.1) 726 (1.8) 3,897 (9.6) 36,611 (90.4)

* A total of 2,025 children did not have driver data included in their record.
† Certain states did not collect this variable.
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TABLE 6. Motor vehicle crash and driver characteristics, by child restraint use and seating position among children aged 8–12 years — 
Crash Outcome Data Evaluation System, 11 states, 2005–2008

Characteristic

Restraint use Seating position

Restrained Unrestrained Front Back

No. (%) No. (%) No. (%) No. (%)

Total 231,815 (96.4) 8,720 (3.6) 77,818 (32.8) 159,456 (67.2)
Driver sex
Male 85,590 (95.5) 4,053 (4.5) 27,749 (31.4) 60,652 (68.6)
Female 146,225 (96.9) 4,667 (3.1) 50,069 (33.6) 98,804 (66.4)
Driver age (yrs)*
≤20 16,066 (93.1) 1,193 (6.9) 7,203 (42.1) 9,922 (57.9)
21–29 30,788 (95.3) 1,516 (4.7) 10,231 (32.1) 21,602 (67.9)
30–39 86,557 (96.8) 2,841 (3.2) 27,456 (31.2) 60,561 (68.8)
40–49 67,205 (97.3) 1,899 (2.8) 21,392 (31.4) 46,834 (68.7)
50–59 18,943 (96.1) 778 (3.9) 6,817 (35.0) 12,640 (65.0)
≥60 12,255 (96.1) 492 (3.9) 4,719 (37.4) 7,897 (62.6)
Driver restraint use*
Restrained 229,253 (97.5) 5,993 (2.6) 75,635 (32.6) 156,422 (67.4)
Unrestrained 2,563 (48.5) 2,726 (51.5) 2,183 (41.9) 3,034 (58.2)
Driver airbag deployment*
Deployed 20,937 (93.6) 1,440 (6.4) 7,975 (36.0) 14,154 (64.0)
Not deployed 206,381 (96.8) 6,924 (3.3) 67,882 (32.3) 142,467 (67.7)
Deployment not applicable 4,498 (92.7) 356 (7.3) 1,961 (40.9) 2,835 (59.1)
Driver alcohol/drug use*,†

Suspected 1,982 (83.3) 398 (16.7) 1,059 (45.1) 1,292 (54.9)
Not suspected 202,083 (96.5) 7,446 (3.56) 67,767 (32.8) 138,641 (67.2)
Driver distraction*,†

Distracted 22,279 (94.9) 1,201 (5.1) 8,874 (38.0) 14,490 (62.0)
Not distracted 181,786 (96.5) 6,643 (3.5) 59,952 (32.3) 125,443 (67.7)
Driver injury severity*
Killed 195 (67.9) 92 (32.1) 110 (38.9) 172 (61.1)
Incapacitated 2,555 (83.1) 518 (16.9) 1,140 (37.5) 1,903 (62.6)
Not incapacitated 9,843 (90.7) 1,012 (9.3) 4,045 (37.6) 6,710 (62.4)
Possible injury 34,311 (95.4) 1,645 (4.6) 11,569 (32.5) 23,993 (67.5)
Not injured 184,596 (97.1) 5,438 (2.9) 60,865 (32.5) 126,441 (67.5)
Injured, severity unknown 315 (96.0) 13 (4.0) 90 (27.5) 237 (72.5)

See table footnotes on next page.
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TABLE 6. (Continued) Motor vehicle crash and driver characteristics, by child restraint use and seating position among children aged 8–12 years — 
Crash Outcome Data Evaluation System, 11 states, 2005–2008

Characteristic

Restraint use Seating position

Restrained Unrestrained Front Back

No. (%) No. (%) No. (%) No. (%)

Total 231,815 (96.4) 8,720 (3.6) 77,818 (32.8) 159,456 (67.2)
Driver level of care*
Not treated in hospital 195,598 (96.9) 6,352 (3.2) 65,018 (32.7) 134,003 (67.3)
Treated in emergency department 34,469 (94.6) 1,973 (5.4) 12,025 (33.3) 24,106 (66.7)
Hospitalized 1,550 (83.8) 300 (16.2) 664 (36.2) 1,172 (63.8)
Died 198 (67.7) 95 (32.3) 111 (38.7) 175 (61.3)
Speed*,†

Speed related 8,601 (91.5) 797 (8.5) 3,258 (34.9) 6,071 (65.1)
Not speed related 198,611 (96.5) 7,112 (3.5) 66,367 (32.8) 136,225 (67.2)
Time of day
Day (6:00 a.m.–8:59 p.m.) 211,831 (96.6) 7,484 (3.4) 71,667 (33.1) 144,698 (66.9)
Night (9:00 p.m.–5:59 a.m.) 20,713 (94.0) 1,317 (6.0) 6,442 (29.7) 15,268 (70.3)
Location†

Urban (>5,000 population) 125,262 (96.7) 4,329 (3.3) 39,702 (31.2) 87,402 (68.8)
Rural (≤5,000 population) 30,440 (94.8) 1,660 (5.2) 10,053 (31.9) 21,489 (68.1)
Initial impact point†

No collision 1,240 (92.0) 107 (8.0) 459 (35.2) 844 (64.8)
Front 80,232 (95.8) 3,507 (4.2) 30,874 (37.5) 51,451 (62.5)
Right 14,197 (95.7) 640 (4.3) 5,165 (35.4) 9,446 (64.7)
Rear 49,771 (97.8) 1,118 (2.2) 15,996 (32.2) 33,713 (67.8)
Left 14,715 (96.0) 612 (4.0) 5,169 (34.3) 9,913 (65.7)
Other 5,420 (94.3) 331 (5.8) 1,868 (32.7) 3,842 (67.3)
First harmful event†

No collision 3,056 (87.1) 451 (12.9) 1,128 (33.2) 2,266 (66.8)
Motor vehicle in transport 192,795 (96.9) 6,112 (3.1) 64,461 (32.9) 131,659 (67.1)
Nonfixed object 16,518 (96.9) 530 (3.1) 5,063 (30.0) 11,821 (70.0)
Fixed object 13,292 (92.2) 1,129 (7.8) 5,132 (35.9) 9,149 (64.1)
Vehicle age†

Before 2002 80,394 (95.5) 3,776 (4.5) 29,197 (34.8) 54,786 (65.2)
2002 or later 47,179 (97.6) 1,141 (2.4) 13,883 (28.8) 34,355 (71.2)

* A total of 2,025 children did not have driver data included in their record.
† Certain states did not collect this variable.
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TABLE 7. Motor vehicle crash and driver characteristics, by child restraint use and seating position among children aged 1–12 years — 
Crash Outcome Data Evaluation System, 11 states, 2005–2008

Characteristic

Optimal Suboptimal Unrestrained

Front Back Front Back Front Back

No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

Total 85,123 (18.9) 364,774 (81.1) 29,236 (18.7) 126,931 (81.3) 4,430 (24.0) 13,994 (76.0)
Driver sex*
Male 30,562 (20.1) 121,675 (79.9) 12,174 (21.3) 45,034 (78.7) 2,028 (24.6) 6,216 (75.4)
Female 54,561 (18.3) 243,099 (81.7) 17,062 (17.2) 81,897 (82.8) 2,402 (23.6) 7,778 (76.4)
Driver age (yrs)*
≤20 7,383 (26.9) 20,074 (73.1) 2,584 (27.8) 6,720 (72.2) 690 (31.2) 1,519 (68.8)
21–29 13,351 (12.1) 96,914 (87.9) 8,571 (19.0) 36,450 (81.0) 1,198 (23.8) 3,844 (76.2)
30–39 29,988 (17.6) 140,248 (82.4) 9,196 (16.0) 48,247 (84.0) 1,331 (23.9) 4,245 (76.1)
40–49 22,301 (23.5) 72,810 (76.6) 4,786 (17.3) 22,822 (82.7) 723 (22.0) 2,564 (78.0)
50–59 7,192 (25.2) 21,353 (74.8) 2,295 (23.1) 7,647 (76.9) 276 (19.4) 1,147 (80.6)
≥60 4,908 (26.8) 13,375 (73.2) 1,804 (26.3) 5,045 (73.7) 212 (23.9) 675 (76.1)
Driver restraint use*
Restrained 83,916 (18.9) 360,042 (81.1) 28,569 (18.6) 125,281 (81.4) 2,212 (38.6) 3,521 (61.4)
Unrestrained 1,207 (20.3) 4,732 (79.7) 667 (28.8) 1,650 (71.2) 2,218 (17.5) 10,473 (82.5)
Driver airbag deployment*
Deployed 8,401 (19.6) 34,413 (80.4) 3,033 (21.4) 11,146 (78.6) 836 (28.2) 2,125 (71.8)
Not deployed 74,508 (18.7) 324,005 (81.3) 25,395 (18.3) 113,391 (81.7) 3,379 (22.9) 11,378 (77.1)
Deployment not applicable 2,214 (25.8) 6,356 (74.2) 808 (25.2) 2,394 (74.8) 215 (30.5) 491 (69.6)
Driver alcohol/drug use*,†

Suspected 1,001 (29.3) 2,417 (70.7) 580 (33.7) 1,141 (66.3) 386 (39.3) 597 (60.7)
Not suspected 74,152 (19.0) 315,784 (81.0) 26,050 (18.9) 112,125 (81.2) 3,574 (23.1) 11,886 (76.9)
Driver distraction*,†

Distracted 9,751 (22.0) 34,604 (78.0) 3,758 (23.0) 12,560 (77.0) 731 (28.4) 1,845 (71.6)
Not distracted 65,402 (18.7) 283,597 (81.3) 22,872 (18.5) 100,706 (81.5) 3,229 (23.3) 10,638 (76.7)
Driver injury severity*
Killed 81 (19.3) 339 (80.7) 44 (31.0) 98 (69.0) 57 (27.7) 149 (72.3)
Incapacitated 1,123 (22.0) 4,007 (78.1) 445 (24.8) 1,353 (75.3) 303 (30.5) 690 (69.5)
Not incapacitated 4,294 (21.8) 15,435 (78.2) 1,624 (22.9) 5,459 (77.1) 605 (28.8) 1,498 (71.2)
Possible injury 12,444 (18.2) 55,770 (81.8) 4,068 (16.9) 19,994 (83.1) 849 (22.3) 2,956 (77.7)
Not injured 67,079 (18.9) 288,657 (81.1) 23,022 (18.7) 99,841 (81.3) 2,614 (23.2) 8,673 (76.8)
Injured, severity unknown 102 (15.3) 566 (84.7) 33 (15.1) 186 (84.9) 2 (6.7) 28 (93.3)

See table footnotes on next page.
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TABLE 7. (Continued) Motor vehicle crash and driver characteristics, by child restraint use and seating position among children aged 1–12 years — 
Crash Outcome Data Evaluation System, 11 states, 2005–2008

Characteristic

Optimal Suboptimal Unrestrained

Front Back Front Back Front Back

No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

Total 85,123 (18.9) 364,774 (81.1) 29,236 (18.7) 126,931 (81.3) 4,430 (24.0) 13,994 (76.0)
Driver level of care*
Not treated in hospital 71,442 (19.0) 304,203 (81.0) 24,730 (19.0) 105,478 (81.0) 3,191 (24.3) 9,935 (75.7)
Treated in emergency department 12,962 (18.3) 57,850 (81.7) 4,213 (17.0) 20,542 (83.0) 1,003 (22.3) 3,496 (77.7)
Hospitalized 638 (21.2) 2,378 (78.8) 247 (23.5) 804 (76.5) 178 (30.2) 410 (69.8)
Died 83 (19.5) 343 (80.5) 45 (29.7) 107 (70.3) 57 (27.3) 152 (72.8)
Speed*,†

Speed related 3,436 (20.6) 13,261 (79.4) 1,325 (22.8) 4,477 (77.2) 480 (29.0) 1,173 (71.0)
Not speed related 72,638 (19.0) 309,974 (81.0) 25,509 (18.8) 110,007 (81.2) 3,496 (23.5) 11,385 (76.5)
Time of day
Day (6:00 a.m.–8:59 p.m.) 78,650 (18.9) 337,317 (81.1) 26,488 (18.6) 116,267 (81.5) 3,874 (24.4) 11,985 (75.6)
Night (9:00 p.m.–5:59 a.m.) 6,780 (19.3) 28,419 (80.7) 2,899 (20.8) 11,042 (79.2) 631 (22.8) 2,143 (77.3)
Location†

Urban (>5,000 population) 43,458 (17.6) 203,125 (82.4) 14,109 (16.8) 69,835 (83.2) 1,903 (19.7) 7,747 (80.3)
Rural (≤5,000 population) 10,793 (18.5) 47,661 (81.5) 3,518 (19.8) 14,276 (80.2) 941 (29.0) 2,300 (71.0)
Initial impact point†

No collision 514 (21.4) 1,885 (78.6) 172 (21.4) 633 (78.6) 64 (31.4) 140 (68.6)
Front 33,773 (22.0) 120,060 (78.1) 13,223 (22.9) 44,554 (77.1) 2,385 (31.7) 5,150 (68.4)
Right 5,630 (20.5) 21,902 (79.6) 2,020 (20.0) 8,087 (80.0) 356 (26.5) 990 (73.6)
Rear 17,646 (18.7) 76,834 (81.3) 5,896 (18.3) 26,345 (81.7) 523 (23.1) 1,742 (76.9)
Left 5,669 (20.2) 22,460 (79.9) 2,134 (20.1) 8,479 (79.9) 294 (25.1) 879 (74.9)
Other 2,040 (18.6) 8,942 (81.4) 684 (19.4) 2,846 (80.6) 196 (30.1) 456 (69.9)
First harmful event†

No collision 1,178 (19.8) 4,782 (80.2) 501 (23.0) 1,677 (77.0) 244 (30.6) 553 (69.4)
Motor vehicle in transport 70,848 (18.9) 303,541 (81.1) 24,253 (18.4) 107,553 (81.6) 2,917 (21.9) 10,406 (78.1)
Nonfixed object 5,526 (17.8) 25,520 (82.2) 1,705 (17.3) 8,145 (82.7) 252 (23.5) 820 (76.5)
Fixed object 5,511 (20.2) 21,832 (79.8) 2,133 (23.6) 6,901 (76.4) 719 (30.2) 1,660 (69.8)
Vehicle age†

Before 2002 31,831 (20.5) 123,124 (79.5) 11,646 (20.7) 44,730 (79.3) 2,204 (26.8) 6,016 (73.2)
2002 or later 15,033 (15.9) 79,503 (84.1) 3,963 (14.4) 23,654 (85.7) 427 (18.4) 1,897 (81.6)

* A total of 2,025 children did not have driver data included in their record.
† Certain states did not collect this variable.
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TABLE 8. Motor vehicle crash and driver characteristics, by child restraint use and seating position among children aged 1–3 years — 
Crash Outcome Data Evaluation System, 11 states, 2005–2008

Characteristic

Optimal Suboptimal Unrestrained

Front Back Front Back Front Back

No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

Total 6,056 (4.2) 139,314 (95.8) 5,823 (18.6) 25,412 (81.4) 766 (19.0) 3,268 (81.0)
Driver sex*
Male 2,466 (5.5) 42,205 (94.5) 2,796 (22.7) 9,505 (77.3) 357 (19.9) 1,439 (80.1)
Female 3,590 (3.6) 97,109 (96.4) 3,027 (16.0) 15,907 (84.0) 409 (18.3) 1,829 (81.7)
Driver age (yrs)*
≤20 465 (4.9) 9,019 (95.1) 837 (28.9) 2,055 (71.1) 118 (22.9) 398 (77.1)
21–29 2,508 (4.3) 56,166 (95.7) 1,897 (16.8) 9,381 (83.2) 299 (19.2) 1,255 (80.8)
30–39 1,872 (3.6) 50,338 (96.4) 1,393 (14.2) 8,416 (85.8) 172 (17.1) 837 (82.9)
40–49 736 (4.8) 14,691 (95.2) 812 (19.6) 3,332 (80.4) 94 (17.5) 444 (82.5)
50–59 307 (5.1) 5,767 (94.9) 483 (25.9) 1,380 (74.1) 50 (19.3) 208 (80.7)
≥60 167 (4.8) 3,333 (95.2) 402 (32.1) 849 (67.9) 33 (20.4) 127 (79.6)
Driver restraint use*
Restrained 5,861 (4.1) 137,036 (95.9) 5,664 (18.5) 25,029 (81.6) 454 (15.4) 2,502 (84.6)
Unrestrained 195 (7.9) 2,278 (92.1) 159 (29.4) 384 (70.6) 312 (28.9) 766 (71.1)
Driver airbag deployment*
Deployed 521 (3.5) 14,204 (96.5) 513 (19.7) 2,094 (80.3) 118 (20.4) 459 (79.6)
Not deployed 5,287 (4.1) 122,570 (95.9) 5,204 (18.5) 22,910 (81.5) 615 (18.6) 2,696 (81.4)
Deployment not applicable 247 (8.9) 2,541 (91.1) 106 (20.6) 409 (79.4) 33 (22.5) 113 (77.5)
Driver alcohol/drug use*,†

Suspected 82 (8.4) 900 (91.7) 158 (38.9) 248 (61.1) 74 (34.4) 142 (65.7)
Not suspected 5,276 (4.3) 121,345 (95.8) 5,358 (19.0) 22,905 (81.0) 601 (18.1) 2,730 (82.0)
Driver distraction*,†

Distracted 807 (5.4) 14,121 (94.6) 745 (21.1) 2,793 (78.9) 117 (21.8) 419 (78.3)
Not distracted 4,550 (4.0) 108,124 (96.0) 4,771 (19.0) 20,360 (81.0) 559 (18.6) 2,453 (81.4)
Driver injury severity*
Killed 4 (2.6) 156 (97.4) 4 (24.7) 13 (75.3) 8 (20.0) 33 (80.0)
Incapacitated 103 (6.0) 1,607 (94.0) 69 (19.7) 282 (80.3) 34 (20.9) 128 (79.1)
Not incapacitated 338 (5.0) 6,457 (95.0) 280 (20.5) 1,089 (79.6) 94 (23.0) 314 (77.0)
Possible injury 827 (3.6) 22,042 (96.4) 780 (15.1) 4,386 (84.9) 143 (16.2) 738 (83.8)
Not injured 4,777 (4.2) 108,842 (95.8) 4,681 (19.3) 19,598 (80.7) 486 (19.2) 2,048 (80.8)
Injured, severity unknown 8 (3.5) 211 (96.5) 9 (17.1) 45 (82.9) 1 (12.2) 7 (87.8)

See table footnotes on next page.
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TABLE 8. (Continued) Motor vehicle crash and driver characteristics, by child restraint use and seating position among children aged 1–3 years — 
Crash Outcome Data Evaluation System, 11 states, 2005–2008

Characteristic

Optimal Suboptimal Unrestrained

Front Back Front Back Front Back

No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

Total 6,056 (4.2) 139,314 (95.8) 5,823 (18.6) 25,412 (81.4) 766 (19.0) 3,268 (81.0)
Driver level of care*
Not treated in hospital 5,096 (4.3) 114,443 (95.7) 4,991 (19.3) 20,916 (80.7) 572 (19.9) 2,309 (80.1)
Treated in emergency department 903 (3.7) 23,773 (96.3) 778 (15.2) 4,329 (84.8) 159 (15.7) 856 (84.3)
Hospitalized 53 (5.3) 940 (94.7) 50 (24.4) 155 (75.6) 26 (27.2) 70 (72.8)
Died 5 (2.8) 158 (97.2) 4 (25.3) 13 (74.7) 8 (19.5) 34 (80.5)
Speed*,†

Speed related 268 (4.9) 5,223 (95.1) 311 (25.6) 905 (74.4) 79 (24.1) 248 (76.0)
Not speed related 5,159 (4.2) 118,488 (95.8) 5,226 (18.9) 22,422 (81.1) 598 (18.5) 2,636 (81.5)
Time of day
Day (6:00 a.m.–8:59 p.m.) 5,639 (4.2) 130,025 (95.8) 5,020 (18.0) 22,887 (82.0) 652 (19.0) 2,781 (81.0)
Night (9:00 p.m.–5:59 a.m.) 446 (4.4) 9,622 (95.6) 839 (24.3) 2,614 (75.7) 137 (20.9) 518 (79.1)
Location†

Urban (>5,000 population) 2,867 (3.5) 78,009 (96.5) 3,183 (17.5) 15,018 (82.5) 367 (15.7) 1,968 (84.3)
Rural (≤5,000 population) 773 (4.2) 17,559 (95.8) 766 (22.1) 2,703 (77.9) 135 (22.0) 477 (78.0)
Initial impact point†

No collision 47 (5.9) 754 (94.2) 39 (24.1) 123 (75.9) 18 (31.1) 40 (68.9)
Front 2,634 (5.2) 47,733 (94.8) 2,517 (22.4) 8,700 (77.6) 410 (25.0) 1,228 (75.0)
Right 414 (4.6) 8,645 (95.4) 377 (18.7) 1,640 (81.3) 67 (22.4) 234 (77.6)
Rear 1,190 (4.0) 28,582 (96.0) 1,174 (20.0) 4,707 (80.0) 98 (19.6) 404 (80.4)
Left 426 (4.7) 8,743 (95.4) 394 (18.7) 1,719 (81.3) 42 (20.5) 163 (79.5)
Other 179 (4.9) 3,447 (95.1) 110 (18.8) 473 (81.2) 38 (29.6) 91 (70.5)
First harmful event†

No collision 106 (5.2) 1,912 (94.8) 123 (24.8) 374 (75.2) 55 (33.3) 111 (66.9)
Motor vehicle in transport 5,014 (4.1) 116,283 (95.9) 4,859 (18.2) 21,876 (81.8) 527 (17.1) 2,553 (82.9)
Nonfixed object 336 (3.6) 9,013 (96.4) 348 (18.8) 1,504 (81.2) 48 (21.5) 175 (78.5)
Fixed object 479 (4.9) 9,215 (95.1) 450 (25.2) 1,339 (74.9) 121 (26.0) 344 (74.0)
Vehicle age†

Before 2002 2,380 (4.9) 46,573 (95.1) 2,352 (18.9) 10,075 (81.1) 357 (20.3) 1,404 (79.7)
2002 or later 773 (2.6) 28,741 (97.4) 802 (14.1) 4,906 (86.0) 67 (13.2) 443 (86.9)

* A total of 2,025 children did not have driver data included in their record.
† Certain states did not collect this variable.
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TABLE 9. Motor vehicle crash and driver characteristics, by child restraint use and seating position among children aged 4–7 years — 
Crash Outcome Data Evaluation System, 11 states, 2005–2008

Characteristic

Optimal Suboptimal Unrestrained

Front Back Front Back Front Back

No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

Total 3,584 (4.8) 71,870 (95.3) 23,413 (18.7) 101,520 (81.3) 1,328 (21.5) 4,858 (78.5)
Driver sex*
Male 1,397 (6.1) 21,573 (93.9) 9,379 (20.9) 35,529 (79.1) 620 (23.5) 2,020 (76.5)
Female 2,187 (4.2) 50,297 (95.8) 14,034 (17.5) 65,991 (82.5) 708 (20.0) 2,838 (80.0)
Driver age (yrs)*
≤20 118 (5.9) 1,872 (94.1) 1,748 (27.3) 4,666 (72.8) 170 (30.8) 381 (69.2)
21–29 1,052 (5.0) 20,149 (95.0) 6,674 (19.8) 27,069 (80.2) 458 (22.4) 1,587 (77.6)
30–39 1,423 (4.4) 31,238 (95.6) 7,803 (16.4) 39,832 (83.6) 396 (20.7) 1,519 (79.3)
40–49 629 (4.8) 12,609 (95.3) 3,974 (16.9) 19,490 (83.1) 173 (17.8) 797 (82.2)
50–59 212 (5.7) 3,520 (94.3) 1,812 (22.4) 6,267 (77.6) 83 (18.4) 366 (81.6)
≥60 152 (5.8) 2,481 (94.2) 1,402 (25.0) 4,196 (75.0) 50 (19.2) 210 (80.8)
Driver restraint use*
Restrained 3,527 (4.7) 71,010 (95.3) 22,905 (18.6) 100,253 (81.4) 651 (15.5) 3,544 (84.5)
Unrestrained 58 (6.3) 859 (93.7) 508 (28.6) 1,267 (71.4) 677 (34.0) 1,314 (66.0)
Driver airbag deployment*
Deployed 387 (5.3) 6,958 (94.7) 2,520 (21.8) 9,052 (78.2) 236 (23.6) 763 (76.4)
Not deployed 3,082 (4.6) 63,725 (95.4) 20,191 (18.2) 90,482 (81.8) 1,019 (20.6) 3,924 (79.4)
Deployment not applicable 116 (8.9) 1,186 (91.1) 702 (26.1) 1,985 (73.9) 73 (29.9) 171 (70.1)
Driver alcohol/drug use*,†

Suspected 33 (7.0) 433 (93.0) 422 (32.1) 892 (67.9) 139 (35.9) 248 (64.2)
Not suspected 3,039 (4.8) 60,883 (95.3) 20,692 (18.8) 89,220 (81.2) 1,044 (20.4) 4,070 (79.6)
Driver distraction*,†

Distracted 451 (6.3) 6,761 (93.7) 3,013 (23.6) 9,767 (76.4) 233 (26.2) 657 (73.8)
Not distracted 2,620 (4.6) 54,555 (95.4) 18,101 (18.4) 80,345 (81.6) 949 (20.6) 3,661 (79.4)
Driver injury severity*
Killed 1 (1.2) 66 (98.8) 39 (31.5) 86 (68.5) 15 (20.4) 59 (79.6)
Incapacitated 59 (6.7) 813 (93.3) 376 (26.0) 1,071 (74.0) 91 (27.0) 246 (73.0)
Not incapacitated 231 (7.4) 2,914 (92.6) 1,344 (23.5) 4,369 (76.5) 191 (26.2) 538 (73.8)
Possible injury 503 (4.4) 10,872 (95.6) 3,288 (17.4) 15,609 (82.6) 252 (18.9) 1,080 (81.1)
Not injured 2,786 (4.7) 57,074 (95.4) 18,341 (18.6) 80,243 (81.4) 779 (21.0) 2,927 (79.0)
Injured, severity unknown 5 (4.0) 130 (96.0) 24 (14.4) 142 (85.6) 0 (4.4) 9 (95.6)

See table footnotes on next page.
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TABLE 9. (Continued) Motor vehicle crash and driver characteristics, by child restraint use and seating position among children aged 4–7 years — 
Crash Outcome Data Evaluation System, 11 states, 2005–2008

Characteristic

Optimal Suboptimal Unrestrained

Front Back Front Back Front Back

No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

Total 3,584 (4.8) 71,870 (95.3) 23,413 (18.7) 101,520 (81.3) 1,328 (21.5) 4,858 (78.5)
Driver level of care*
Not treated in hospital 2,980 (4.7) 60,023 (95.3) 19,740 (18.9) 84,563 (81.1) 967 (22.3) 3,360 (77.7)
Treated in emergency department 580 (4.9) 11,324 (95.1) 3,435 (17.5) 16,213 (82.5) 298 (18.8) 1,287 (81.2)
Hospitalized 24 (5.0) 455 (95.0) 197 (23.3) 649 (76.7) 49 (24.3) 151 (75.7)
Died 1 (1.2) 67 (98.8) 41 (30.3) 94 (69.7) 15 (20.4) 60 (79.6)
Speed*,†

Speed related 161 (6.1) 2,478 (93.9) 1,013 (22.1) 3,571 (77.9) 150 (26.6) 414 (73.4)
Not speed related 2,973 (4.7) 60,082 (95.3) 20,283 (18.8) 87,584 (81.2) 1,036 (20.9) 3,929 (79.1)
Time of day
Day (6:00 a.m.–8:59 p.m.) 3,394 (4.8) 67,569 (95.2) 21,467 (18.7) 93,380 (81.3) 1,172 (21.7) 4,230 (78.3)
Night (9:00 p.m.–5:59 a.m.) 203 (4.4) 4,469 (95.7) 2,061 (19.6) 8,429 (80.4) 183 (21.1) 685 (78.9)
Location†

Urban (>5,000 population) 1,858 (4.4) 40,793 (95.6) 10,925 (16.6) 54,816 (83.4) 567 (17.4) 2,700 (82.6)
Rural (≤5,000 population) 497 (4.9) 9,638 (95.1) 2,752 (19.2) 11,573 (80.8) 276 (25.7) 798 (74.3)
Initial impact point†

No collision 28 (7.4) 346 (92.6) 133 (20.7) 510 (79.3) 27 (39.5) 42 (60.5)
Front 1,503 (6.2) 22,922 (93.9) 10,705 (23.0) 35,854 (77.0) 738 (28.2) 1,877 (71.8)
Right 232 (5.2) 4,225 (94.8) 1,642 (20.3) 6,447 (79.7) 107 (23.9) 342 (76.1)
Rear 744 (4.7) 15,262 (95.4) 4,723 (17.9) 21,638 (82.1) 140 (18.5) 614 (81.5)
Left 233 (5.3) 4,207 (94.8) 1,739 (20.5) 6,760 (79.5) 93 (22.9) 314 (77.1)
Other 97 (5.0) 1,859 (95.0) 574 (19.5) 2,374 (80.5) 54 (25.2) 160 (74.8)
First harmful event†

No collision 62 (6.8) 859 (93.2) 378 (22.5) 1,303 (77.5) 71 (27.5) 186 (72.5)
Motor vehicle in transport 2,924 (4.7) 59,828 (95.3) 19,394 (18.5) 85,677 (81.5) 840 (18.8) 3,623 (81.2)
Nonfixed object 234 (4.4) 5,078 (95.6) 1,357 (17.0) 6,641 (83.0) 96 (27.5) 253 (72.5)
Fixed object 260 (5.9) 4,183 (94.2) 1,684 (23.2) 5,563 (76.8) 237 (28.3) 602 (71.7)
Vehicle age†

Before 2002 1,440 (5.6) 24,228 (94.4) 9,294 (21.2) 34,655 (78.9) 661 (23.5) 2,148 (76.5)
2002 or later 622 (3.5) 17,268 (96.5) 3,160 (14.4) 18,749 (85.6) 115 (16.2) 595 (83.8)

* A total of 2,025 children did not have driver data included in their record.
† Certain states did not collect this variable.
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TABLE 10. Motor vehicle crash and driver characteristics, by child restraint use and seating position among children aged 8–12 years — 
Crash Outcome Data Evaluation System, 11 states, 2005–2008

Characteristic

Restrained Unrestrained

Front Back Front Back

No. (%) No. (%) No. (%) No. (%)

Total 75,483 (33.0) 153,589 (67.1) 2,335 (28.5) 5,867 (71.5)
Driver sex*
Male 26,699 (31.6) 57,895 (68.4) 1,050 (27.6) 2,757 (72.4)
Female 48,784 (33.8) 95,694 (66.2) 1,285 (29.2) 3,110 (70.8)
Driver age (yrs)*
≤20 6,801 (42.6) 9,182 (57.5) 402 (35.2) 740 (64.8)
21–29 9,791 (32.2) 20,599 (67.8) 440 (30.5) 1,003 (69.5)
30–39 26,693 (31.3) 58,671 (68.7) 763 (28.8) 1,889 (71.2)
40–49 20,936 (31.5) 45,510 (68.5) 456 (25.6) 1,324 (74.4)
50–59 6,674 (35.6) 12,067 (64.4) 144 (20.0) 573 (80.0)
≥60 4,589 (37.8) 7,560 (62.2) 130 (27.8) 337 (72.2)
Driver restraint use*
Restrained 74,529 (32.9) 151,995 (67.1) 1,106 (20.0) 4,427 (80.0)
Unrestrained 955 (37.5) 1,594 (62.5) 1,229 (46.0) 1,440 (54.0)
Driver airbag deployment*
Deployed 7,494 (36.1) 13,251 (63.9) 481 (34.8) 902 (65.2)
Not deployed 66,138 (32.4) 137,709 (67.6) 1,744 (26.8) 4,759 (73.2)
Deployment not applicable 1,852 (41.3) 2,629 (58.7) 110 (34.7) 206 (65.3)
Driver alcohol/drug use*,†

Suspected 886 (45.0) 1,084 (55.0) 173 (45.5) 208 (54.6)
Not suspected 65,838 (33.0) 133,556 (67.0) 1,929 (27.5) 5,085 (72.5)
Driver distraction*,†

Distracted 8,492 (38.2) 13,722 (61.8) 382 (33.2) 768 (66.8)
Not distracted 58,232 (32.5) 120,918 (67.5) 1,720 (27.6) 4,525 (72.5)
Driver injury severity*
Killed 77 (39.8) 116 (60.2) 33 (36.9) 56 (63.1)
Incapacitated 962 (37.7) 1,587 (62.3) 178 (36.0) 316 (64.0)
Not incapacitated 3,724 (38.1) 6,063 (62.0) 321 (33.2) 647 (66.9)
Possible injury 11,115 (32.7) 22,855 (67.3) 454 (28.5) 1,138 (71.5)
Not injured 59,517 (32.7) 122,743 (67.4) 1,348 (26.7) 3,698 (73.3)
Injured, severity unknown 89 (28.4) 225 (71.6) 1 (6.2) 12 (93.9)

See table footnotes on next page.
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TABLE 10. (Continued) Motor vehicle crash and driver characteristics, by child restraint use and seating position among children aged 
8–12 years — Crash Outcome Data Evaluation System, 11 states, 2005–2008

Characteristic

Restrained Unrestrained

Front Back Front Back

No. (%) No. (%) No. (%) No. (%)

Total 75,483 (33.0) 153,589 (67.1) 2,335 (28.5) 5,867 (71.5)
Driver level of care*
Not treated in hospital 63,366 (32.8) 129,737 (67.2) 1,653 (27.9) 4,266 (72.1)
Treated in emergency department 11,479 (33.5) 22,753 (66.5) 546 (28.7) 1,353 (71.3)
Hospitalized 561 (36.4) 983 (63.7) 103 (35.3) 189 (64.7)
Died 77 (39.8) 117 (60.2) 33 (36.4) 58 (63.6)
Speed*,†

Speed related 3,007 (35.1) 5,560 (64.9) 251 (33.0) 511 (67.0)
Not speed related 64,506 (32.9) 131,404 (67.1) 1,862 (27.9) 4,821 (72.1)
Time of day
Day (6:00 a.m.–8:59 p.m.) 69,617 (33.3) 139,724 (66.7) 2,050 (29.2) 4,974 (70.8)
Night (9:00 p.m.–5:59 a.m.) 6,131 (30.0) 14,328 (70.0) 311 (24.9) 940 (75.1)
Location†

Urban (>5,000 population) 38,733 (31.5) 84,323 (68.5) 969 (23.9) 3,079 (76.1)
Rural (≤5,000 population) 9,522 (31.8) 20,464 (68.3) 531 (34.1) 1,025 (65.9)
Initial impact point†

No collision 440 (35.9) 786 (64.1) 19 (24.5) 58 (75.5)
Front 29,636 (37.5) 49,406 (62.5) 1,237 (37.7) 2,045 (62.3)
Right 4,984 (35.6) 9,032 (64.4) 181 (30.5) 414 (69.5)
Rear 15,711 (32.3) 32,989 (67.7) 285 (28.2) 724 (71.8)
Left 5,010 (34.5) 9,510 (65.5) 159 (28.3) 402 (71.7)
Other 1,764 (32.7) 3,636 (67.3) 104 (33.6) 206 (66.5)
First harmful event†

No collision 1,010 (33.4) 2,011 (66.6) 118 (31.6) 255 (68.4)
Motor vehicle in transport 62,910 (33.1) 127,430 (67.0) 1,551 (26.8) 4,230 (73.2)
Nonfixed object 4,955 (30.2) 11,429 (69.8) 108 (21.6) 392 (78.4)
Fixed object 4,772 (36.1) 8,435 (63.9) 360 (33.5) 714 (66.5)
Vehicle age†

Before 2002 28,011 (34.9) 52,322 (65.1) 1,186 (32.5) 2,464 (67.5)
2002 or later 13,638 (28.9) 33,495 (71.1) 246 (22.2) 860 (77.8)

* A total of 2,025 children did not have driver data included in their record.
† Certain states did not collect this variable.
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TABLE 11. Rank and percentage of most common body regions injured* in motor vehicle crashes,  by restraint use, seating position, and age 
group among children aged 1–12 years — Crash Outcome Data Evaluation System, 11 states, 2005–2008

Rank and age 
group

Restraint use (%) Seating position (%)

Optimal Suboptimal Unrestrained Front Back

Ages 1–3 yrs
1 Head/Face/Neck 3.2 Head/Face/Neck 2.9 Head/Face/Neck 9.0 Head/Face/Neck 3.7 Head/Face/Neck 3.3
2 Extremity 1.3 Extremity 1.3 Extremity 4.0 Extremity 1.7 Extremity 1.3
3 Torso 0.5 Torso 0.6 Torso 1.6 Torso 0.8 Torso 0.5
4 Other 0.4 Other 0.6 TBI 1.6 Other 0.6 Other 0.5
5 Vertebral column 0.2 Vertebral column 0.3 Other 1.4 TBI 0.4 TBI 0.2
6 TBI 0.2 TBI 0.2 Vertebral column 0.5 Vertebral column 0.3 Vertebral column 0.2
7 Systemwide 0.2 Systemwide 0.1 Systemwide 0.3 Systemwide 0.2 Systemwide 0.2
8 Spinal column 0.01 Spinal column 0.01 Spinal column 0.1 Spinal column 0.03 Spinal column 0.01

Ages 4–7 yrs
1 Head/Face/Neck 3.5 Head/Face/Neck 3.9 Head/Face/Neck 12.9 Head/Face/Neck 5.3 Head/Face/Neck 3.9
2 Extremity 1.8 Extremity 2.4 Extremity 7.3 Extremity 2.9 Extremity 2.3
3 Torso 0.9 Torso 1.3 Torso 3.8 Torso 1.7 Torso 1.2
4 Vertebral column 0.7 Vertebral column 0.9 TBI 2.2 Vertebral column 1.0 Vertebral column 0.8
5 Other 0.5 Other 0.6 Other 2.2 Other 0.8 Other 0.6
6 TBI 0.2 TBI 0.3 Vertebral column 1.5 TBI 0.5 TBI 0.3
7 Systemwide 0.1 Systemwide 0.1 Systemwide 0.3 Systemwide 0.1 Systemwide 0.1
8 Spinal column 0 Spinal column 0.01 Spinal column 0.02 Spinal column 0.01 Spinal column 0.01

Ages 8–12 yrs Restrained Unrestrained Front Back

1 Extremity 3.8 Extremity 11.7 Extremity 4.7 Extremity 3.9
2 Head/Face/Neck 3.3 Head/Face/Neck 11.2 Head/Face/Neck 3.9 Head/Face/Neck 3.5
3 Torso 1.8 Torso 4.0 Torso 2.2 Torso 1.8
4 Vertebral column 1.8 Vertebral column 3.4 Vertebral column 2.1 Vertebral column 1.8
5 Other 0.7 TBI 2.6 Other 0.8 Other 0.7
6 TBI 0.3 Other 2.0 TBI 0.4 TBI 0.4
7 Systemwide 0.1 Systemwide 0.2 Systemwide 0.1 Systemwide 0.1
8 Spinal column 0 Spinal column 0 Spinal column 0 Spinal column 0

Abbreviation: TBI = traumatic brain injury.
* Body region categories are derived from International Classification of Diseases, 9th Revision, Clinical Modification codes and are based on the Barell matrix  

(available at http://www.cdc.gov/nchs/data/ice/final_matrix_post_ice.pdf ).
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TABLE 12. Rank and percentage of most common body regions* injured in motor vehicle crashes, by restraint use, seating position, and age 
group among children aged 1–12 years — Crash Outcome Data Evaluation System, 11 states, 2005–2008

Rank and 
age group

Restrained (%)

Unrestrained (%)Optimal Suboptimal

Front Back Front Back Front Back

Ages 1–3 yrs
1 Head/Face/Neck 3.6 Head/Face/Neck 3.2 Head/Face/Neck 2.7 Head/Face/Neck 3.1 Head/Face/Neck 11.2 Head/Face/Neck 8.5
2 Extremity 1.4 Extremity 1.3 Extremity 1.5 Extremity 1.3 Extremity 5.6 Extremity 3.4
3 Torso 0.6 Torso 0.5 Torso 0.8 Other 0.6 Other 1.8 TBI 1.6
4 Other 0.4 Other 0.4 Other 0.6 Torso 0.6 Torso 1.7 Torso 1.6
5 TBI 0.3 Vertebral column 0.2 Vertebral column 0.4 Vertebral column 0.3 TBI 1.4 Other 1.3
6 Vertebral column 0.2 TBI 0.2 TBI 0.4 TBI 0.2 Vertebral column 0.7 Vertebral column 0.4
7 Systemwide 0.2 Systemwide 0.2 Systemwide 0.1 Systemwide 0.1 Systemwide 0.5 Systemwide 0.3
8 Spinal column 0 Spinal column 0.01 Spinal column 0 Spinal column 0.01 Spinal column 0.4 Spinal column 0.03
Ages 4–7 yrs
1 Head/Face/Neck 4.1 Head/Face/Neck 3.5 Head/Face/Neck 4.7 Head/Face/Neck 3.8 Head/Face/Neck 17.9 Head/Face/Neck 11.7
2 Extremity 1.9 Extremity 1.8 Extremity 2.7 Extremity 2.4 Extremity 9.3 Extremity 6.9
3 Torso 0.9 Torso 0.9 Torso 1.6 Torso 1.3 Torso 4.7 Torso 3.6
4 Vertebral column 0.7 Vertebral column 0.7 Vertebral column 1 Vertebral column 0.9 TBI 2.9 TBI 2.1
5 Other 0.5 Other 0.5 Other 0.7 Other 0.6 Other 2.4 Other 2.0
6 TBI 0.1 TBI 0.2 TBI 0.4 TBI 0.3 Vertebral column 1.2 Vertebral column 1.6
7 Systemwide 0.1 Systemwide 0.1 Systemwide 0.1 Systemwide 0.1 Systemwide 0.2 Systemwide 0.3
8 Spinal column 0 Spinal column 0 Spinal column 0.01 Spinal column 0.01 Spinal column 0.1 Spinal column 0.01

Ages 8–12 yrs

Restrained Unrestrained

Front Back Front Back

1 Extremity 4.4 Extremity 3.6 Head/Face/Neck 14.4 Extremity 10.7
2 Head/Face/Neck 3.6 Head/Face/Neck 3.2 Extremity 14.1 Head/Face/Neck 10.2
3 Torso 2.1 Torso 1.7 Torso 4.7 Torso 3.6
4 Vertebral column 2.0 Vertebral column 1.7 Vertebral column 4.3 Vertebral column 3.3
5 Other 0.7 Other 0.6 TBI 3.1 TBI 2.4
6 TBI 0.4 TBI 0.3 Other 1.9 Other 2.0
7 Systemwide 0.1 Systemwide 0.1 Systemwide 0.2 Systemwide 0.2
8 Spinal column 0 Spinal column 0 Spinal column 0.01 Spinal column 0

Abbreviation: TBI = traumatic brain injury.
* Body region categories are derived from International Classification of Diseases, 9th Revision, Clinical Modification codes and are based on the Barell matrix (available 

at http://www.cdc.gov/nchs/data/ice/final_matrix_post_ice.pdf ).
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TABLE 13. Rank and percentage of most common types of injuries in motor vehicle crashes, by restraint use, seating position, and age group 
among children aged 1–12 years — Crash Outcome Data Evaluation System, 11 states, 2005–2008

Rank  and 
age group

Restraint use (%) Seating position (%)

Optimal Suboptimal Unrestrained Front Back

Ages 1–3 yrs
1 Contusion/Superficial 3.0 Contusion/Superficial 2.7 Contusion/Superficial 7.8 Contusion/Superficial 3.6 Contusion/Superficial 3.1
2 Open wounds 1.0 Open wounds 1.0 Open wounds 2.9 Open wounds 1.2 Open wounds 1.1
3 Sprains and strains 0.4 Sprains and strains 0.6 Internal 1.7 Sprains and strains 0.6 Sprains and strains 0.5
4 Fracture 0.3 Fracture 0.3 Fracture 1.6 Fracture 0.6 Fracture 0.3
5 Internal 0.2 Internal 0.3 Sprains and strains 0.9 Internal 0.4 Internal 0.2
Ages 4–7 yrs
1 Contusion/Superficial 3.7 Contusion/Superficial 4.5 Contusion/Superficial 12.7 Contusion/Superficial 5.8 Contusion/Superficial 4.3
2 Open wounds 1.2 Sprains and strains 1.5 Open wounds 5.4 Open wounds 1.6 Open wounds 1.4
3 Sprains and strains 1.1 Open wounds 1.3 Fracture 2.7 Sprains and strains 1.5 Sprains and strains 1.3
4 Fracture 0.5 Fracture 0.6 Internal 2.4 Fracture 0.9 Fracture 0.5
5 Internal 0.2 Internal 0.3 Sprains and strains 2.3 Internal 0.5 Internal 0.3
Ages 8–12 yrs Restrained Unrestrained Front Back

1 Contusion/Superficial 4.9 Contusion/Superficial 13.1 Contusion/Superficial 5.9 Contusion/Superficial 4.9
2 Sprains and strains 3.0 Open wounds 5.1 Sprains and strains 3.4 Sprains and strains 2.9
3 Open wounds 1.0 Sprains and strains 4.2 Open wounds 1.2 Open wounds 1.2
4 Fracture 0.7 Fracture 3.2 Fracture 0.9 Fracture 0.8
5 Internal 0.4 Internal 2.6 Internal 0.5 Internal 0.4

TABLE 14. Rank and percentage of most common types of injuries from motor vehicle crashes,  by restraint use, seating position, and age 
group among children aged 1–12 years — Crash Outcome Data Evaluation System, 11 states, 2005–2008

Rank  and age 
group

Restrained (%)

Unrestrained (%)Optimal Suboptimal

Front Back Front Back Front Back

Ages 1–3 yrs
1 Contusion/

superficial
3.5 Contusion/

superficial
3.0 Contusion/

superficial
2.8 Contusion/

superficial
2.7 Contusion/

superficial
10.3 Contusion/

superficial
7.1

2 Open wounds 1.2 Open wounds 1.0 Sprains and 
strains

0.8 Open wounds 1.1 Open wounds 3.8 Open wounds 2.7

3 Fracture 0.4 Sprains and 
strains

0.4 Open wounds 0.8 Sprains and 
strains

0.6 Fracture 2.7 Internal 1.7

4 Sprains and 
strains

0.4 Fracture 0.3 Internal 0.4 Fracture 0.3 Internal 2.1 Fracture 1.3

5 Internal 0.2 Internal 0.2 Fracture 0.4 Internal 0.2 Sprains and 
strains

1.0 Sprains and 
strains

0.8

Ages 4–7 yrs
1 Contusion/

superficial
4.1 Contusion/

superficial
3.7 Contusion/

superficial
5.4 Contusion/

superficial
4.3 Contusion/

superficial
17.2 Contusion/

superficial
11.6

2 Open wounds 1.3 Open wounds 1.2 Sprains and 
strains

1.6 Sprains and 
strains

1.5 Open wounds 6.3 Open wounds 5.2

3 Sprains and 
strains

1.1 Sprains and 
strains

1.1 Open wounds 1.4 Open wounds 1.3 Fracture 3.8 Fracture 2.5

4 Fracture 0.5 Fracture 0.4 Fracture 0.8 Fracture 0.5 Internal 3.4 Sprains and 
strains

2.5

5 Internal 0.1 Internal 0.2 Internal 0.4 Internal 0.3 Sprains and 
strains

1.7 Internal 2.2

Ages 8–12 yrs

Restrained Unrestrained

Front Back Front Back

1 Contusion/superficial 5.6 Contusion/superficial 4.6 Contusion/
Superficial

16.3 Contusion/
superficial

12.1

2 Sprains and strains 3.3 Sprains and strains 2.8 Sprains and 
strains

5.6 Sprains and 
strains

5.2

3 Open wounds 1.0 Open wounds 1.0 Open wounds 5.1 Open wounds 4.7
4 Fracture 0.8 Fracture 0.7 Fracture 4.8 Fracture 2.9
5 Internal 0.4 Internal 0.3 Internal 3.2 Internal 2.4
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TABLE 15. Frequency of neck, back, or abdominal injuries; traumatic brain injuries; and hospitalizations from motor vehicle crashes,  by restraint 
use, seating position, and age group among children aged 1—12 years — Crash Outcome Data Evaluation System, 11 states, 2005—2008

Received this injury Received this injury

Type of injury and age group Restraint use No Yes Total
Seating 
position No Yes Total

Neck, back, or abdominal injury
Ages 1–3 yrs Unrestrained 3,809 279 4,088 — — — —

Suboptimal 30,564 796 31,360 Front 12,325 407 12,733
Optimal 141,925 3,807 145,732 Back 163,972 4,475 168,447
Total 176,298 4,882 181,180 Total 176,298 4,882 181,180

Ages 4–7 yrs Unrestrained 5,530 739 6,269 — — — —
Suboptimal 119,777 5,559 125,336 Front 26,872 1,608 28,480
Optimal 72,940 2,696 75,636 Back 171,374 7,386 178,761
Total 198,247 8,994 207,241 Total 198,247 8,994 207,241

Ages 8–12 yrs Unrestrained 7,254 1,021 8,275 Front 73,294 4,815 78,110
Restrained 217,681 12,118 229,800 Back 151,641 8,324 159,965
Total 224,935 13,140 238,075 Total 224,935 13,140 238,075

Total — 1,198,959 54,031 1,252,992 — 1,198,959 54,031 1,252,992
Traumatic brain injury
Ages 1–3 yrs Unrestrained 4,024 64 4,088 — — — —

Suboptimal 31,284 76 31,360 Front 12,686 47 12,733
Optimal 145,423 309 145,732 Back 168,044 403 168,447
Total 180,730 449 181,180 Total 180,730 449 181,180

Ages 4–7 yrs Unrestrained 6,125 144 6,269 — — — —
Suboptimal 124,973 363 125,336 Front 28,351 129 28,480
Optimal 75,462 173 75,636 Back 178,209 552 178,761
Total 206,560 680 207,241 Total 206,560 680 207,241

Ages 8–12 yrs Unrestrained 8,063 212 8,275 Front 77,775 334 78,110
Restrained 229,097 703 229,800 Back 159,385 581 159,965
Total 237,160 915 238,075 Total 237,160 915 238,075

Total — 1,248,901 4,088 1,252,992 — 1,248,900 4,090 1,252,992
Hospitalized
Ages 1–3 yrs Unrestrained 3,351 737 4,088 — — — —

Suboptimal 28,996 2,364 31,360 Front 11,703 1,030 12,733
Optimal 133,632 12,100 145,732 Back 154,276 14,171 168,447
Total 165,979 15,200 181,180 Total 165,979 15,200 181,180

Ages 4–7 yrs Unrestrained 4,701 1,568 6,269 — — — —
Suboptimal 112,831 12,505 125,336 Front 25,296 3,184 28,480
Optimal 68,844 6,791 75,636 Back 161,080 17,680 178,761
Total 186,376 20,864 207,241 Total 186,376 20,864 207,241

Ages 8–12 yrs Unrestrained 6,100 2,176 8,275 Front 68,677 9,432 78,110
Restrained 204,853 24,946 229,800 Back 142,276 17,690 159,965
Total 210,953 27,122 238,075 Total 210,953 27,122 238,075

Total — 1,126,617 126,374 1,252,992 — 1,126,616 126,373 1,252,992
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TABLE 16. Odds ratios of neck, back, or abdominal injuries; traumatic brain injuries; and hospitalizations from motor vehicle crashes, by restraint 
use, seating position, and age group among children aged 1–12 years — Crash Outcome Data Evaluation System, 11 states, 2005–2008

Age group and type of injury Restraint use and seating position* Odds ratio 95% CI

Ages 1–3 yrs
Neck, back, or abdominal injury Optimal versus unrestrained 0.37 0.32–0.41

Optimal versus suboptimal 1.03 0.95–1.11
Suboptimal versus unrestrained 0.36 0.31–0.41
Back versus front 0.83 0.75–0.92

Traumatic brain injury Optimal versus unrestrained 0.13 0.10–0.17
Optimal versus suboptimal 0.87 0.68–1.12
Suboptimal versus unrestrained 0.15 0.11–0.21
Back versus front 0.65 0.48–0.88

Hospitalized Optimal versus unrestrained 0.41 0.38–0.45
Optimal versus suboptimal 1.11 1.06–1.16
Suboptimal versus unrestrained 0.37 0.34–0.41
Back versus front 1.04 0.98–1.12

Ages 4–7 yrs
Neck, back, or abdominal injury Optimal versus unrestrained 0.28 0.25–0.3

Optimal versus suboptimal 0.81 0.77–0.84
Suboptimal versus unrestrained 0.35 0.32–0.38
Back versus front 0.72 0.68–0.76

Traumatic brain injury Optimal versus unrestrained 0.10 0.08–0.12
Optimal versus suboptimal 0.79 0.66–0.95
Suboptimal versus unrestrained 0.12 0.10–0.15
Back versus front 0.68 0.56–0.83

Hospitalized Optimal versus unrestrained 0.30 0.28–0.31
Optimal versus suboptimal 0.89 0.86–0.92
Suboptimal versus unrestrained 0.33 0.31–0.35
Back versus front 0.87 0.84–0.91

Ages 8–12 yrs
Neck, back, or abdominal injury Restrained versus unrestrained 0.40 0.37–0.42

Back versus front 0.84 0.81–0.87
Restrained back versus restrained front 0.84 0.81–0.87

Traumatic brain injury Restrained versus unrestrained 0.12 0.10–0.14
Back versus front 0.85 0.74–0.97
Restrained back versus restrained front 0.83 0.71–0.97

Hospitalized Restrained versus unrestrained 0.34 0.32–0.36
Back versus front 0.91 0.88–0.93
Restrained back versus restrained front 0.90 0.87–0.92

* Restraint use: restrained (subcategorized as optimal or suboptimal for children aged 1–7 years) or unrestrained; seating position: back or front.
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TABLE 17. Median hospital charges (in 2008 dollars) for injuries from motor vehicle crashes, by outcome, restraint use, seating position, and 
age group among children aged 1–12 years — Crash Outcome Data Evaluation System, 11 states, 2005–2008

Age group and outcome No.

Charges

Restraint use Seating position

Optimal Suboptimal Unrestrained Front Back

Ages 1–3 yrs (N =  12,071) (N =  2,362) (N =  713) (N =  1,023) (N =  14,122)
Total 15,145 $310.00 $382.64 $539.00 $427.00 $320.00
Treated in emergency department 14,575 $297.06 $358.57 $425.00 $391.00 $310.00
Hospital admission 478 $11,124.19 $12,836.00 $17,184.00 $13,696.00 $12,507.65
Outpatient 38 $3,135.00 $10,085.75 $7,664.00 $7,664.00 $4,583.00
Died 54 $5,137.00 $2,035.25 $2,868.00 $3,615.00 $4,465.50
Ages 4–7 yrs (N =  6,780) (N =  12,492) (N =  1,544) (N =  3,190) (N =  17,626)
Total 20,816 $369.18 $422.15 $619.00 $472.32 $404.94
Treated in emergency department 19,912 $355.00 $402.28 $500.00 $435.00 $386.00
Hospital admission 772 $12,573.04 $12,434.50 $16,254.00 $13,919.25 $13,111.00
Outpatient 78 $3,757.50 $3,738.59 $8,025.00 $6,431.00 $3,616.00
Died 54 $4,176.00 $8,693.00 $2,798.58 $5,745.79 $4,176.00

Restraint use Seating position

Restrained Unrestrained Front Back

Ages 8–12 yrs (N =  24,963) (N =  2,135) (N =  9,435) (N =  17,663)
Total 27,098 $509.78 $765.00 $538.25 $516.61
Treated in emergency department 25,998 $491.00 $649.56 $510.00 $494.00
Hospital admission 946 $13,760.00 $18,149.00 $14,540.74 $14,733.70
Outpatient 108 $4,145.00 $4,072.00 $4,413.00 $3,384.00
Died 46 $9,518.29 $3,105.00 $4,792.00 $7,260.00

TABLE 18. Median hospital charges (in 2008 dollars) for injuries from motor vehicle crashes, by outcome, restraint use, seating position, and 
age group among children aged 1–12 years — Crash Outcome Data Evaluation System, 11 states, 2005–2008

Age group and outcome No.

Charges

Restrained

UnrestrainedOptimal Suboptimal

Front Back Front Back Front Back

Ages 1–3 yrs (N =  490) (N =  11,580) (N =  384) (N =  1,978) (N =  149) (N =  564)
Total 15,145 $331.96 $308.60 $484.69 $367.00 $791.00 $497.52
Treated in emergency 

department
14,575 $312.87 $296.00 $446.93 $350.90 $509.00 $414.00

Hospital admission 478 $14,795.25 $10,963.00 $13,277.00 $12,836.00 $12,195.50 $18,282.35
Outpatient 38 $3,640.00 $3,114.00 $12,048.00 $9,771.00 $7,664.00 $8,955.00
Died 54 $6,933.37 $5,137.00 $2,035.25 $2,776.91 $4,556.50 $2,245.17

Ages 4–7 yrs (N =  333) (N =  6,447) (N =  2,486) (N =  10,006) (N =  371) (N =  1,173)
Total 20,816 $351.00 $369.98 $469.00 $413.00 $823.15 $596.00
Treated in emergency 

department
19,912 $338.84 $356.00 $439.00 $395.00 $642.00 $482.00

Hospital admission 772 $12,615.20 $12,573.04 $13,210.34 $12,298.98 $20,047.50 $15,816.08
Outpatient 78 $8,235.00 $3,757.50 $4,285.00 $3,127.00 $8,528.00 $8,320.00
Died 54 NA $4,176.00 $5,517.95 $7,575.71 $26,412.79 $1,679.00

Ages 8–12 yrs

Restrained Unrestrained

Front Back Front Back

(N =  8,763) (N =  16,199) (N =  671) (N =  1,464)
Total 27,098 $522.67 $501.00 $913.00 $715.00
Treated in emergency 

department
25,998 $500.40 $484.00 $706.00 $619.64

Hospital admission 946 $13,878.83 $13,760.00 $16,744.00 $19,166.00
Outpatient 108 $4,413.00 $3,737.00 $4,559.00 $3,121.85
Died 46 $4,597.50 $9,518.29 $7,185.50 $2,145.00
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TABLE 19. 90th percentile hospital charges (in 2008 dollars) for injuries from motor vehicle crashes, by outcome, restraint use, seating position, 
and age group among children aged 1–12 years — Crash Outcome Data Evaluation System, 11 states, 2005–2008

Age group and outcome No.

Charges

Restraint use Seating position

Optimal Suboptimal Unrestrained Front Back

Ages 1–3 yrs (N =  12,071) (N =  2,362) (N =  713) (N =  1,023) (N =  14,122)
Total 15,145 $1,380.00 $1,975.60 $9,674.80 $4,119.15 $1,519.00
Treated in emergency department 14,575 $1,080.00 $1,304.32 $3,346.44 $1,795.00 $1,144.25
Hospital admission 478 $43,138.00 $66,842.75 $56,734.00 $37,936.94 $54,778.37
Outpatient 38 $8,794.00 $13,990.75 $12,649.57 $12,048.00 $11,376.00
Died 54 $48,614.35 $17,367.58 $35,358.00 $16,094.00 $53,223.68
Ages 4–7 yrs (N =  6,780) (N =  12,492) (N =  1,544) (N =  3,190) (N =  17,626)
Total 20,816 $1,648.50 $2,381.00 $10,388.00 $4,402.00 $2,158.00
Treated in emergency department 19,912 $1,291.00 $1,570.12 $3,801.21 $2,515.00 $1,467.90
Hospital admission 772 $60,126.00 $49,507.75 $50,595.54 $42,350.00 $55,521.94
Outpatient 78 $8,235.00 $15,127.25 $12,504.00 $15,268.00 $11,433.00
Died 54 $84,421.73 $34,484.70 $50,027.00 $59,405.00 $53,716.00

Ages 8–12 yrs

Restraint use Seating position

Restrained Unrestrained Front Back

(N =  24,963) (N =  2,135) (N =  9,435) (N =  17,663)
Total 27,098 $2,361.00 $10,260.00 $2,912.09 $2,566.00
Treated in emergency department 25,998 $1,779.68 $3,522.00 $2,031.50 $1,795.40
Hospital admission 946 $50,790.00 $61,333.00 $49,886.00 $54,136.00
Outpatient 108 $11,351.00 $11,764.00 $11,351.00 $11,764.00
Died 46 $113,177.00 $61,523.00 $69,231.00 $109,072.70

TABLE 20. 90th percentile hospital charges (in 2008 dollars) for injuries from motor vehicle crashes, by restraint use, seating position, and age 
group among children aged 1–12 years — Crash Outcome Data Evaluation System, 11 states, 2005–2008

Age group and outcome No.

Charges

Restrained

UnrestrainedOptimal Suboptimal

Front Back Front Back Front Back

Ages 1–3 yrs (N =  490) (N =  11,580) (N =  384) (N =  1,978) (N =  149) (N =  564)
Total 15,145 $2,412.00 $1,335.89 $3,125.00 $1,766.15 $11,708.50 $9,431.55
Treated in emergency department 14,575 $1,420.00 $1,071.00 $1,916.00 $1,219.00 $3,802.00 $3,246.00
Hospital admission 478 $37,489.00 $43,737.68 $37,145.30 $66,842.75 $43,657.00 $75,243.40
Outpatient 38 $3,640.00 $8,794.00 $12,048.00 $13,990.75 $12,649.57 $13,283.25
Died 54 $6,985.78 $85,619.00 $2,035.25 $30,159.15 $16,094.00 $57,833.00
Ages 4–7 yrs (N =  333) (N =  6,447) (N =  2,486) (N =  10,006) (N =  371) (N =  1,173)
Total 20,816 $1,958.00 $1,630.00 $3,696.00 $2,035.91 $11,143.85 $9,956.60
Treated in emergency department 19,912 $1,620.00 $1,286.00 $2,119.00 $1,452.00 $5,055.00 $3,432.00
Hospital admission 772 $60,126.00 $59,668.50 $42,350.00 $52,964.15 $35,889.00 $53,410.00
Outpatient 78 $9,618.00 $7,730.00 $16,904.00 $11,109.75 $12,504.00 $13,404.00
Died 54 NA $84,421.73 $28,710.00 $53,716.00 $59,405.00 $29,804.86

Ages 8–12 yrs

Restrained Unrestrained

Front Back Front Back

(N =  8,763) (N =  16,199) (N =  671) (N =  1,464)
Total 27,098 $2,546.00 $2,256.00 $10,820.10 $8,922.30
Treated in emergency department 25,998 $1,885.42 $1,704.00 $4,154.00 $2,935.00
Hospital admission 946 $49,358.30 $52,327.00 $52,410.70 $63,591.60
Outpatient 108 $11,347.00 $11,460.75 $11,431.00 $14,509.00
Died 46 $72,006.00 $192,802.68 $61,523.00 $24,137.00





ISSN: 1546-0738

The Morbidity and Mortality Weekly Report (MMWR) Series is prepared by the Centers for Disease Control and Prevention (CDC) and is available free of 
charge in electronic format. To receive an electronic copy each week, visit MMWR’s free subscription page at http://www.cdc.gov/mmwr/mmwrsubscribe.html. 
Paper copy subscriptions are available through the Superintendent of Documents, U.S. Government Printing Office, Washington, DC 20402; telephone 
202-512-1800.

Readers who have difficulty accessing this PDF file may access the HTML file at http://www.cdc.gov/mmwr/preview/mmwrhtml/SS6408. Address all 
inquiries about the MMWR Series, including material to be considered for publication, to Executive Editor, MMWR Series, Mailstop E-90, CDC, 
1600 Clifton Rd., N.E., Atlanta, GA 30329-4027 or to mmwrq@cdc.gov. 

All material in the MMWR Series is in the public domain and may be used and reprinted without permission; citation as to source, however, is appreciated.

Use of trade names and commercial sources is for identification only and does not imply endorsement by the U.S. Department of Health and Human Services.

References to non-CDC sites on the Internet are provided as a service to MMWR readers and do not constitute or imply endorsement of these organizations 
or their programs by CDC or the U.S. Department of Health and Human Services. CDC is not responsible for the content of these sites. URL addresses 
listed in MMWR were current as of the date of publication.


	Motor Vehicle Crashes, Medical Outcomes, and Hospital ChargesAmong Children Aged 1–12 Years — Crash Outcome Data EvaluationSystem, 11 States, 2005–2008
	Introduction
	Methods
	Results
	Discussion
	Limitations
	Conclusion
	References
	Blank Page



