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ABSTRACT

Current databases relating information about children
in vehicle crashes are not comprehensive due in part, to
the small sample sizes of these studies. This limitation
has led to a focus on case series analyses, which have in
turn produced few statistically based recommendations
for vehicle and child restraint design changes.  The
magnitude of the problem of child occupant protection is
not clear and limited mechanisms currently exist by which
to systematically and thoroughly investigate critical
questions in the field.

To address these issues, we have created a
comprehensive surveillance system devoted exclusively
to children riding as occupants in motor vehicles through
the utilization of current insurance claim settlement
procedures. This surveillance system will provide a
mechanism for the prompt identification of important
“targeted issues” that require more detailed investigation
and analysis. These targeted issue studies will utilize
crash investigations and telephone interviews to learn
more detaills about crash circumstances, occupant
kinematics, and restraint system performance. The unique
combination of the surveillance system with these focused
investigations will result in a statistically based sample
with valid and generalizable results.

INTRODUCTION

The majonity of automotive safety research has
focused on the adult driver (1-4). Laboratory crash test
data have typically studied the “50th percentile” male (5-
7). The best real-world data available on the effectiveness
of various restraint systems, such as lap belts, lap-
shoulder belts, and air bags, are almost entirely on vehicle
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drivers. It is not known how data on driver protection
may apply to vehicle passengers, particularly children.

Recently, child deaths associated with air bags (8)
have focused attention on the fact that children are not
just small adults and that research efforts must continue to
concentrate on the specific needs of our smallest
passengers (9-19). The data collected on how and why
adults are injured in vehicle crashes do not always apply
to children, who have smaller body frames, are
proportioned differently, and have different injury
patterns and tolerance levels to injury than do adults.

Many studies that have examined child occupant
protection have looked primarily at mortality as the
measured outcome. Death is easy to define and mortality
data appear in a variety of readily available sources,
including the National Center for Health Statistics, and
the Fatal Analysis Reporting Systems (FARS) maintained
by the National Highway Traffic Safety Administration.
As a result, many studies that have identified child-
specific risk factors, examined the effectiveness of
restraints, and measured potential deficiencies in current
restraint system-vehicle interactions have largely used
mortality as the outcome of interest (2,4,20-23).
However, because child occupant mortality is relatively
rare (9.4 deaths per 100,000 children), examining only
mortality as an outcome fails to capture the full impact of
childhood injury and its potential long-term consequences
(24).

Existing research that has focused on child occupant
protection using injury as an outcome can be broadly
categorized into three types, each having its own unique
strengths and limitations: laboratory-based research,
hospital-based research, and research using large
databases.

Laboratory-based research explores restraint systems
and vehicle design features as they pertain to child



occupant protection under well-controlled laboratory
conditions  (6,7,25,26). Child dummies or other
surrogates are placed in simulated crash situations in
order to measure both the forces of impact on the child
occupant and the related kinematics. The strength of
these studies is their ability to provide detailed
information on the occupant kinematics as well as their
capacity to base design specifications on engineering
principles. However, these studies are often limited by
their lack of a comparison group and by the artificial
nature of the laboratory environment, in particular, the
limitations of child-sized test dummies (27). The real-
world relevance and applicability of these studies is,
therefore, largely unknown (28).

Hospital-based research is conducted at one or
possibly a small group of hospitals, typically designated
trauma centers, and generally focuses on how a limited
number of factors, such as seating location and restraint
use, affect risk of injury (29-34). The strength of these
studies is their ability to control the quality of data
obtained, but the inherent biases in studying populations
of children referred for specialty care often challenges the
validity and limits the generalizability of these studies’
results and conclusions. In addition, hospital-based
research typically examines a relatively small sample,
making it difficult to account properly for the complex
nature of motor vehicle collisions and the many potential
predictors of injury to children.

Research using large, existing databases, most
notably in the United States, the National Highway
Traffic Safety Administration’s National Automotive
Sampling System (NASS), has attempted to overcome the
biases associated with hospital-based research by
including a sample of individuals from all types of
crashes, independent of where the crash occurred and
whether health care was received (35-37). However,
because NASS is a probability sample of all police-
reported crashes in the United States and includes
everything from truck- to motorcycle- to automobile
crashes, children are underrepresented in the database,
limiting its utility. For example, the emerging issue of
child air bag-related mortality was not identified through
NASS due to the relatively small number of children
represented. The small sample size of children in NASS
results in large sampling errors both with regard to
determining the incidence of significant injury to children
and the circumstances of any given type of crash (38). In
addition, a significant limitation of studies utilizing NASS
data is the reliance upon police reports of injury, which
have been documented to be unreliable. particularly for
children (39).

Both hospital-based studies and research using large
existing databases utilize crash investigations as a
methodological tool.  During a crash investigation,
investigation teams are dispatched to the scene 1o measure
and document the crash environment, damage to the
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vehicles involved. and occupant contact points according
to a standardized protocol. The on-scene investigations
are supplemented by information from witnesses, crash
victims, physicians, hospital records, police reports, and
emergency medical service personnel. From this
information, a report is generated that includes estimates
of the vehicle dynamics and occupant kinematics during
the crash and detailed descriptions of the injuries
sustained in the crash by body region, type of injury, and
severity of injury. Although these investigations provide
detailed information regarding injury mechanisms and
occupant kinematics, because of the limitations discussed
above, the global context of these studies is unclear,
Often these investigations do not include adequate control
groups and the source population of the chosen cases is
not known. Consequently, it is not known whether the
results are representative of the underlying population of
children in motor vehicles.

In summary, child-specific transportation safety
research has been conducted, and has resulted in a
significant decrease in motor vehicle-related mortality to
children over the past 20 years (21). However, more
recently, progress has slowed (40, 41), due in part to the
more complex nature of modern child occupant protection
problems such as misuse of child safety seats, side impact
protection, and air bag-restraint system interactions. As a
result, conflicting masses of information are given to
parents, child restraint devices are often recalled, and
public-policy decisions are based on tragic anecdotes of
injured children rather than on sound, generalizable data.

The Child Occupant Protection Surveillance System
is designed to build on the foundation of child-specific
automotive safety research that has been conducted to
date, and to address current gaps in our knowledge. This
surveillance system provides the infrastructure to identify
and conduct individual focused research studies or
“targeted issues” that utilize telephone interviews and
crash investigations as the research method. The unique
combination of the surveillance system with the focused
investigations provides a global context that combines
epidemiological and engineering analyses using accepted
methodology from each field.

METHODOLOGY

Overview

The research approach of “Biomechanical
Epidemiology” was applied to the development of the
surveillance system. In this approach, biocengineers,
clinicians, epidemiologists, health educators, medical
information systems specialists, professional crash
investigators, and others developed a partnership with
experts in insurance industry data collection for the
inception, design, and implementation of the system. By
integrating the expertise of multiple disciplines from the



outset, the final results will be useful to the widest
possible audience. An Advisory Board of experts from
multiple disciplines was created to provide guidance to
the partnership.

The surveillance system involves identification of a
census of children involved in crashes reported to State
Farm Insurance Company. After consent is obtained by
the claims representatives, a minimal dataset of
information about these crashes, including contact
information, crash location, driveable status of the
vehicle, an initial description of the damage to the
vehicle, the Vehicle Identification Number, and the age
and treatment status of all child occupants, is obtained
from the initial claimant. Following quality assurance
review of the data at State Farm, the data is electronically
transferred on a daily basis to the Children’s
Hospital/University of Pennsylvania Research team (the
Research Team).

From this population, a representative sample of
children with minor to severe injuries, in all types of
crashes, from minimal to extensive vehicle damage, will
be chosen according to a stratified sampling strategy.
Contact information on the selected study sample will be
electronically transferred to a telephone interview service.
Drivers and parents of selected children will then be
interviewed regarding the circumstances surrounding the
crash and the nature and severity of the child’s injuries.
Completed interviews, devoid of personal identifiers, will
be transferred back to the Research Team for analysis.

This surveillance system will provide a mechanism
for the prompt identification of important “targeted
issues” that require more detailed investigation and
analysis. These targeted issue studies will utilize
information obtained from the telephone surveys and
crash investigations to learn more details about crash
circumstances, occupant kinematics, and restraint system
performance. These cases will be selected and analyzed
using traditional epidemiological methodologies such as
cohort studies in which cases will be chosen based on the
presence or absence of a particular crash or vehicle
characteristic and case control studies in which children
with no significant injury will be paired with children
with significant injury.

Study Population

All children between the ages of O and 15 years,
riding as occupants {non-drivers) in crashes reported to
the State Farm Insurance Companies from 15 states and
the District of Columbia will comprise the population
eligible for inclusion into the surveillance system. Only
crashes involving model year 1990 and newer vehicles
will be included in order to focus on state-of-the-art
vehicle safety design features and to make results of the
project applicable to the most relevant fleet. It is
estimated that approximately 50,000 children per year are
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riding as occupants in eligible crashes reported to State
Farm. Data collection will run for approximately 3 years
for a total number of telephone interviews with the
parents of approximately 20,000 children. From these
interviews, approximately 600 crashes will be selected for
targeted issue crash investigation analysis.

State Farm is the largest automobile insurance carrier
in the United States, with over 35 million insured vehicles
and 2 million crash claims annually. The regions of study
chosen (East, Upper Midwest, West) represent 50% of the
claims received by State Farm annually and a mixture of
urban and rural populations and tort and no-fault states.
The study was limited to these areas to minimize the
number of State Farm personnel necessary to conduct the
study and to centralize the locations of crash investigation
teams.

Identification of Children in Crashes

The surveillance system will be initiated by
insurance claims representatives through the systematic
identification of children who were occupants in crashes
reported to State Farm. The claims representatives
function as initial field data collectors and obtain consent
to release information to the Research Team about the
child and the crash as part of the normal claims
investigation process. In order to enhance the data
collection and interpretation, information will be stored in
the electronic claim file using objective measures. On a
daily basis, a minimal dataset regarding the child and the
crash is electronically transferred to the Research Team
typically within 24 hours of the crash. For those crashes
in which consent is not granted to release the information,
State Farm keeps summary information.

Sampling Scheme for Surveillance System

For the cases that are transferred to The Children's
Hospital of Philadelphia, a two-stage cluster sampling
technique is used in order to efficiently identify the
greatest number of injured children from among a
representative population of crashes of all severities. In
the first stage of sampling, each crash (i.e., vehicle) is
assigned a value that corresponds to the worst treatment
status of any child occupant. In this manner, crashes are
stratified into four groups representing those crashes in
which no child occupant received treatment, crashes in
which at least one child occupant received outpatient/
emergency department treatment, crashes in which at least
one child was admitted to the hospital, and crashes in
which one child died. Once crashes are clustered this
way, a random sample of crashes from each cluster is
selected in order to ensure adequate representation of
crashes of all severities. All child occupants from
selected crashes are included in the final study population.
Sampling weights are assigned to each cluster to ensure



inclusion of a broad range of crash severity as well as
increase the proportion of child occupants in the final
study sample that have a significant (AIS >2) injury. For
example, a 100% sample of crashes in which at least one
child was admitted to the hospital or died, a very small
sample (e.g.. 2%) of crashes in which no child occupant
sought treatment, and an intermediate proportion (e.g.,
50% sample) of crashes in which a child sought
emergency department and/ or physician’s office
treatment will be selected.

The second stage of sampling is applied only to
crashes that were assigned to the emergency department/
outpatient stratum in the first stage. Cases selected from
this stratum undergo a brief screening telephone interview
designed to rapidly identify those cases in which at least
one child occupant suffered a significant (AIS > 2) injury.
All cases that screen positive for such an injury
immediately proceed to a full interview on all child
occupants described below. Contacts that screen negative
are subject to random sampling to identify a small number
that proceed to full interviews. The final surveillance
system population is expected to consist of approximately
15,000 children with ten percent of the population < 1
year, thirty percent 1-4years, forty percent 5-9 years, and
twenty percent 10-15 years of age.

Telephone Interview Tool Development

Cases selected for study have a minimum of data
electronically transferred to Response Analysis, Co., a
professional telephone survey company, for completion of
an [njury and Crash Circumstance Survey Tool that was
developed by the Research Team in conjunction with
State Farm. The process of survey development included
writing of interview scripts, pilot testing, evaluation of
pilot interview results, and revision of scripts.

The survey has been designed to last approximately
25 minutes and ascertains information on the crash
circumstances; driver behavior; trip circumstances;
characteristics of restraint system used; size, weight and
position of the occupant (exposures of interest); as well as
the nature and severity of injuries to each child occupant
(outcomes of interest). The injury outcome portion of the
survey tool has been designed to allow classification of
the body region, nature, and severity of injuries according
to the Abbreviated Injury Scale (AIS) score. This portion
of the survey has undergone validation in a pilot study
conducted on injured children evaluated in the Emergency
Department at The Children’s Hospital of Philadelphia.
Responses given by parents regarding the nature and
severity of injuries were compared to information
documented in the medical record. Throughout the
period of data collection for the project, the circumstance
portion of the survey will be validated by comparing
information on the circumstances of the crash given by
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the driver with evidence gathered during on-site crash
Investigations.

Targeted Issues Studies

The surveillance system provides a mechanism for
the prompt identification of key issues for which further
research and study are needed to answer critical questions
related to child occupant protection. Two methodological
approaches will be utilized to address these “targeted
issue” studies.

One method of addressing “targeted issue” studies is
through the use of the crash investigations conducted by
Dynamic Science, Inc. This method of data collection is
used to address those study questions that require
verification of interview data and more detailed
information about the crash circumstances, occupant
kinematics, and performance of restraint systems than is
available through the surveillance system.

Whenever possible, cases selected for crash
investigation-based targeted issues are chosen using two
traditional epidemiological methods in order to provide a
scientifically sound framework for the interpretation of
data. One study design is the case-control study in which
investigations will be selected based on whether a crash
resulted in significant occupant injury {cases), or no child
occupant injuries (controls). This type of design is
particularly well suited for the efficient examination of a
number of potential risk factors for significant injury. For
example, to identify the independent contribution of
several restraint characteristics, vehicle characteristics,
and child characteristics to risk of significant injuries for
the 6 to 9 year old population, a case control study design
would choose crashes in which a 6 to 9 year old was
injured (cases) and crashes of a similar nature in which a
6 to 9 year old was not injured (controls).

Another study design that is employed for crash
investigation-based targeted issues is the cohort study. In
this study design, crashes are selected for investigation
based on the presence or absence of a particular
characteristic, typically of the vehicle or crash. For
example, to identify the effect of side impact protection
on the severity of injuries to children, the cohort of cases
is all side impact crashes. Crashes are then classified into
two groups based on the exposure of interest, the presence
or absence of side impact protection on the case vehicle.
Investigations compare the nature and severity of injuries
to children in vehicles with and without the exposure of
interest. In most cases, the exposure parameter is a
variable received from State Farm in the 1nitial
transmission of data to ensure the timeliness of the crash
investigation.

The second methodology for the targeted issue
studies is an in depth telephone survey to enhance the data
collected in the surveillance system described above.
These surveys would occur following the initial



surveillance systems survey. Examples of these directed
telephone targeted issues include parental risk assessment,
trip characteristics, and parental decision making.

In summary, the surveillance system and these two
targeted issue methodologies will be conducted
concurrently. Approximately 600 in-depth crash
investigations will be conducted and an appropriate
sample size from the 20,000 telephone interviews will be
chosen for each targeted telephone survey. This unique
combination of epidemiological and engineering
methodologies  will  ensure  high  quality and
comprehensive data on both crash circumstances and
injuries to child occupants.

CONCLUSION

A motor vehicle crash surveillance system that
focuses exclusively on children has been created and will
address many of the limitations of current child occupant
injury databases. The surveillance system consists of a
probability sample of children from 0-15 years of age
identified from all motor vehicle collisions reported to
State Farm claims representatives in 1S states and the
District of Columbia. The surveillance system using
telephone interviews with involved drivers and parents of
children provides the global context for individual
focused “targeted issues”. These specific research studies
use crash investigations and directed telephone
interviews. By performing these investigations within the
framework of sound epidemiological studies, the results
will be representative of the underlying source population
of children in motor vehicle crashes. This study combines
an insurer’s capability to identify large numbers of motor
vehicle collisions of research interest with timely
investigation by an academic research team resulting in a
research infrastructure designed to address current and
emerging challenges in child occupant protection.

ACKNOWLEDGMENTS

We would like to acknowledge Steve Roberson and
other State Farm Insurance, The Children's Hospital of
Philadelphia, and University of Pennsylvania personnel
who have contributed immensely to the development of
the surveillance system and without whom this work
would not be possible.

REFERENCES

1. Zador PL, Ciccone MA. Automobile driver fatalities
in frontal impacts: air bags compared with manual
belts. Am J Pub! Health 1993,83:661-666.

2. Lund AK, Ferguson SA. Driver fatalities in 1985-
1993 cars with airbags. J Trauma: Injury, Infect and

1295

10.

13.

Crit Care 1995;38:469-475.

Werner JV, Roberson SF, Ferguson SA, et al. Air
Bag Deployment Frequency and Injury Risks. 1996.

Lund AK, Ferguson SA, Powell MR. Fatalities in Air
Bag-Equipped Cars: A Review of 1989-93 NASS
Cases. 1996.

King AL Research in biomechanics of occupant
protection. J Trauma: Injury, Infect and Crit Care
1995;38:570-576.

King A, Viano DC, Mizeres N, States JD.
Humanitarian benefits of cadaver research on injury

prevention. J Trauma: Injury, Infect and Crit Care
1995;38:564-569.

Bahling GS, Bundorf T, Moffatt EA, Orlowski KF.
The influence of increased roff strength on belted and
unbelted dummies in rollover and drop tests. J
Trauma: Injury, Infect and Crit Care 1995;38:557-
563.

MMWR. Air-bag-associated fatal injuries to infants
and children riding in front passenger seats-United
States. JAMA 1995;274:1752-1753.

Accident Research Center MU, Melbourne. The seat
belt syndrome in children. Accid Anal and Prev
1994;26:813-820.

Agran PF, Dunkle DE, Winn DG. Injuries to a
sample of seatbelted children evaluated and treated in

a hospital emergency room. J Trauma 1987;27:58-
64.

. Glassman SD, Johnson JR, Holt RT. Seatbelt Injuries

in children. J Trauma 1992;33:882-886.

. Fuchs S, Barthel MJ, Flannery AM, Christoffel KK.

Cervical spine fractures sustained by young children
in forward-facing car seats. Pediatrics 1989;84:348-
354.

Gunby P. Lap seat belts useful but can injure
children. JAMA 1981,245:2281-2282.

. Taylor TKF, Henderson JJ, Trinca GW. Seat-belt

injuries of the spine in children and young
adolescents-an increasing cause for concern. Medical
J Australia 1990;152:447-448.

. Conry BG, Hall CM. Cervical spine fractures and



17.

18.

19.

20.

21.

22.

23.

24.

25.

rear seat restraints. Arch Dis Childhood 1987;1267-
1268.

. Arajarvi E, Santavirta S, Tolonen J. Abdominal

injuries sustained in severe traffic accidents by
seatbelt wearers. J Trauma 1987,27:393-397.

Anderson PA, Rivara FP, Maier RV, Drake C. The
epidemiology of seatbelt-associated injuries. J
Trauma 1991;31:60-67.

Henderson M. Children in Car Crashes. Child
Accident Prevention Foundation 1994,

Huelke DF, Mackay GM, Morris A. Vertebral
column injuries and lap-shoulder belts. J Trauma:
Injury, Infect, and Crit Care 1995;38:547-556.

Baker SP. Motor vehicle occupant deaths in young
children. Pediatrics 1979,64:860-861.

Rivara FP, Grossman DC. Prevention of traumatic
deaths to children in the United States: how far have
we come and where do we need to go? Pediatrics
1996;97:791-797.

Viano DC. Restraint effectiveness, availability and
use in fatal crashes: implications to injury control. J
Trauma; Injury Infect and Crit Care 1995;38:538-
546.

Partyka S. Lives Saved by Child Restraints from 1982
through 1987. US Department of Transportation,
1987.

Baker SP, Fingerhut LA, Higgins L, et al. Injury to
Children and Teenagers: State-by-state Mortality
Facts. 1993,

Hjerpe E, Linn G, Mosskull B, et al. Review group
task no.2 for course biomechanics and injury
prevention: out of position at sudden braking.
1996;1-16.

26. Crandall JR, Kuhimann TP, Pilkey WD. Air and knee

27.

bolster restraint system: laboratory sled tests with
human cadavers and the hybrid III dummy. J
Trauma:Injury,Infect,and Crit Care 1995;38:517-
520.

Burdi AR, Huelke DF, Snyder RG, Lowrey GH.
Infants and children in the adult world of automobile
safety design: pediatric and anatomical
considerations for design of child restraints. J

1296

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Biomechanics 1969;2:267-280.

Tingvall C. Children in cars. Some aspects of the
safety of children as car passengers in road traffic
accidents. Acta Paediatr Suppl. 1987;339:1-35.

Lowe DK, Gately HL, Goss JR, Frey CL, Peterson
CG. Patterns of death, complication, and error in the
management of motor vehicle accident victims:

implications for a regional system of trauma care. J
Trauma 1983;23:503-509.

Wessner CL, Hartgarten SW, Aprahamian C, Nelson
DR. Fatal childhood injury patterns in an urban
setting. Ann Emerg Med 1994;23:231-236.

Agran P, Winn D, Dunkle D. Injuries among 4 to 9
year old restrained motor vehicle occupants by seat
location and crash impact site. AJDC 1989;143:1317-
1321.

Williams AF, Zador P. Injuries to children in
automobiles in relation to seating location and
restraint use. Accid Anal and Prev 1977;9:69-76.

Agran PF, Castillo DN, Winn DG. Comparison of
motor vehicle occupant injuries in restrained and
unrestrained 4 to 14 year-olds. Accid Anal and Prev
1992;24:349-355.

Waller JA, Skelly JM, Davis JH. Trauma center-
related biases in injury research. J Trauma.
1995;38:325-329.

Cooper A, Barlow B, Davidson L, Relethford J,
OMeara J, Mottley L. Epidemiology of pediatric
trauma: importance of population-based statistics. J
Pediatr Surg 1992;27:145-154.

Rivara FP, Calonge N, Thompson RS. Population-
based study of unintentional injury incidence and
impact during childhood. Am J Publ Health
1989;79:990-994.

National Highway Traffic Safety Administration.
Fatal Accident Reporting System. National Highway
Traffic Safety Administration,1988.

Johnston C, Rivara FP, Soderberg R. Children in car
crashes: analysis data for injury and use of restraints.
Pediatrics 1994,93:960-965.

Agran PF, Castillo DN, Winn DG. Limitations of
data compiled from police reports on pediatric



40.

41.

pedestrian and bicycle motor vehicle events. Accid
Anal and Prev 1990;22:361-370.

National Highway Traffic Safety Administration
Patrerns of misuse of child safery seats. National
Highway Traffic Safety Administration. 1996.

National Highway Traffic Safety Administration

Traffic Safety Facts 1995. National Highway Traffic
Safety Administration. 1996.

1297



