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ABSTRACT
This study presents a broad comprehensive
research effort that combines expertise from
industry and academia and uses various
methodologies with applied research directed
towards countermeasures. The project includes
real world crash data analysis, real world driving
studies and crash testing and simulations,
aiming at enhancing the safety of forward facing
child occupants (aged 3y to small adults) in the
rear seat during frontal to side impacts.
The real world crash data analyses of properly
restrained children originate from European as
well as US data. Frontal and side impact crash
tests are analyzed using different sizes of crash
test dummies in different sitting postures. Side
impact parameter studies using FE-models are
run. The sitting posture and behavior of 12
children are monitored while riding in the rear
seat. Also, the body kinematics and belt position
during actual braking and turning maneuvers are
studied for 16 rear seat child occupants and for
various child dummies.
Real world crash data indicates that several of
the injured children in frontal impacts, despite
being properly restrained, impacted the vehicle
interior structure with their head/face resulting in
serious injury. This was attributed to oblique
crashes, pre-crash vehicle maneuvers or high
crash severity. Crash tests confirm the
importance of proper initial belt-fit for best
protection. The crash tests also highlight the
difficulty in obtaining the real world kinematics
and head impact locations using existing crash

test dummies and test procedures. The side
impact parameter studies indicate that the
vehicle’s occupant protection systems, such as
airbags and seat belt pretensioners, play an
important role in protecting children as well.
The results from the on-road driving studies
illustrate the variation of sitting postures during
riding in the rear seat giving valuable input to the
effects of the restraint systems and to how
representative the standardized dummy seating
positioning procedures are. The results from the
maneuver driving studies illustrate the
importance of understanding the kinematics of a
child relative to the seat belt in a real world
maneuver situation.
Real world safety of rear seat occupants,
especially children, involves evaluation of
protection beyond standard crash testing
scenarios in frontal and side impact conditions.
This project explores the complete context of
rear seat protection in impact situations ranging
from front to side and directions in between
highlighting the importance of pre-crash posture
and behavior.
This research project at SAFER (Vehicle and
Traffic Safety Centre at Chalmers), where
researchers from the industry and universities
cooperate with the aim to further improve safety
for children (from 3y) to small adults in the rear
seat, speeds up the process to safety
implementation due to the interaction between
academic and industrial researchers.
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INTRODUCTION
World wide, road traffic was the second leading
cause of death among 5-14 year olds in 2002
(WHO, 2004). In US, for every day in 2006, an
average of 5 children 14 years and younger were
killed and 568 were injured in motor vehicle
crashes (NHTSA, 2006).
According to US statistics, 52% of the rear seat
occupants are less than 13 years old, 14% are 13
to 15 years, and 34% are older than 15 years
(McCray et al., 2006). On average a 12 year old
is of similar size as a 5th percentile female, thus
by focusing on the children, solutions driven by
the data analyses will cover small size adults as
well.
Summarizing crash data (NASS-CDS 19912005) on rear seated children aged 4-12 years,
second to rollover, the highest MAIS3+ injury
risk was seen for side impacts situations (Bidez,
2006). However, there were more children
injured in frontal impacts, due to the high
frequency of frontal impacts compared to other
crash direction. Furthermore, several of the
injured were restrained, indicating that current
restraint systems have potential for further
improvements. Thus, there is a need to address
protection in both side and frontal impacts for
restrained rear seated children, as well as oblique
impacts.
For the smallest children, the safest restraint for
optimal protection is rearward facing. Swedish
and US data show that children in rear facing
restraints are better protected both in frontal and
side impacts (Tingvall 1987, Carlsson et al.
1991, Kamrén et al. 1993, Stalnaker 1993,
Tarrière 1995, Isaksson-Hellman et al. 1997,
Jakobsson et al. 2005, Henary et al., 2007).
Rearward facing seats are used around the world
for infants and offer the optimal protection,
recommended in Sweden up to the age of 3-4
years.
When the child has reached 3-4 years of age and
sitting forward facing in the car, there are still
differences as compared to adults. The iliac
spines of the pelvis, which are important for
good lap belt positioning and for reducing risk of
belt load into the abdomen, are not well
developed until about 10 years of age (Burdi et
al. 1968). The development of iliac spines,
together with the fact that the upper part of the
pelvis of the sitting child is lower than of an
adult, are realities that must be taken into
consideration, in order to give a child the same
amount of protection as an adult.
Belt-positioning boosters were introduced in the
late 70s (Norin et al. 1979). The boosters allow
the geometry of the adult seat belt to function in
a better way with respect to the child occupant.
The booster elevates the child, so that the lap
part of the adult seat belt can be positioned over

the thighs, which reduces the risk of the
abdomen interacting with the belt. The booster
also encourages the children to sit comfortably
with their legs, helping avoid slouching, which
leads to poor seat belt geometry (DeSantis
Klinich et al. 1994). Other advantages of beltpositioning boosters are that the child, by sitting
higher, will have the shoulder part of the seat
belt more comfortably positioned over the
shoulder and will also have a better view.
The belt-positioning boosters may have
backrests (so called high back boosters). The
backrests were initially intended to route the
diagonal part of the seat belt in an optimal
position over the child's shoulder and chest. In
recent years, the designs of the backs of the
boosters have evolved towards large side
supports both at the height of the torso and the
head. The child restraint manufacturers
emphasized two reasons for this; to provide
improved side impact protection and to provide
comfort for children by keeping them upright
when relaxed or asleep to help provide
protection at all times.
Integrated (built-in) belt-positioning boosters are
available in some cars. These systems were
developed in order to simplify usage and to
minimize misuse (Lundell et al. 1991). An
observational laboratory study of 130 children
concluded that an integrated booster had many
advantages compared to an accessory booster
regarding both safety and comfort, such as easy
and quick to handle resulting in significant lower
misuse rate (Osvalder and Bohman, 2008).
As a further development of integrated boosters,
Volvo Cars offers a rear seat safety concept for
enhanced overall protection for children aged 4
to 10-12, including a 2-stage booster and
progressive load limiter adapted to the child
(Jakobsson et al. 2007). The 2-stage booster was
designed to help provide an even better fit for an
even broader range of sizes of forward facing
children. In its high position, it provides good
seat belt fit for the smaller children. In its low
position it offers a more adapted thigh support
(reducing likelihood of slouching) for the larger
children, as compared to when using the adult
seat position.
Belt-positioning boosters are effective tools to
help protect children from injuries, decreasing
the probability of injury in frontal impacts as
well as other crash directions (DeSantis Klinich
et al. 1994, Isaksson-Hellman et al. 1997,
Warren Bidez and Syson 2001, Durbin et al.,
2003, Jakobsson et al. 2005, Arbogast et al.
2009). Durbin et al. (2003) showed that the seat
belt syndrome related injuries to the abdomen
and spine were nearly eliminated in crashes with
children seated correctly on boosters compared
to those restrained by seat belts only. Children
aged 4 to 8 and using booster were 45% less
likely to sustain injuries than similarly aged
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children who were using the vehicle seat belt
only (Arbogast et al., 2009). Children in side
impacts derived the largest relative protection
from booster seats, with a reduction in risk of
68% and 82% for near-side and far-side crashes,
respectively, with no difference in high back
versus backless boosters. The authors mainly
acknowledge the enhanced better shoulder belt
fit by the booster as the main contributor,
knowing that side impact crashes often have a
substantial frontal component (Arbogast et al.
2005).
The rear seat children also benefit from seat belt
technology such as pretensioner and load
limiters. Sled tests using a HIII 6y showed that
belt load limiting and pretensioning resulted in
reduced head, neck and chest loading as well as
forward displacement (Bohman et al. 2006). Sled
tests by Forman et al. (2008) reported that,
compared to standard 3pt belt, the belt load
limiting and pretensioning system resulted in a
statistically significant decrease in average
maximum internal dummy chest deflection of
29%, in 48 km/h test speed, for the HIII 6y.
Theses results agreed with tests where a childsize PMHS was used (Lopez-Valdes et al. 2009).
Although in some countries, booster use is
recommended up to approximately 10-12 years
of age, the highest age groups within this range
are not as frequently restrained using boosters.
US statistics (CHOP, 2008) shows higher injury
risks within the age group 9-12 year as compared
to the younger age group (4-8 years), suggesting
that the age group of 9-12 years requires extra
focus since they fall between the traditionally
booster restrained 4-8 year old children and they
are still smaller than the teenager and small
adults that are correctly restrained by the seat
belt.
Over the years, the rear seat has been a safer
place than the front seat (Braver, 1998, Smith
and Cummings, 2004), but for the last years a
new trend has been noticed, showing that the
rear seat might be less safe compared to front
seat (Kuppa et al. 2005 , Kent et al. 2007). Some
possible explanations are increased stiffness of
new vehicles, which has been compensated in
the front seat with load limiters and
pretensioners while in many vehicles the rear
seat safety is lagging behind. Although the
technology has been introduced in the rear seat
of some vehicles; such as anti-submarining floor
ridge in 1982 (Lundell et al. 1981), 3pt seat belts
and head restraints in all positions in 1986
(Karlbrink and Mellander 1987), seat belt
pretensioners and load limiters, the wide
implementation is still to come. Currently,
programs that conduct consumer rating tests are
in the process of integrating the 5th % adult
female dummy in the rear in side impact tests,
but the lack of legal requirements in this scenario
does not drive the continuous improvement of

rear seat safety. Therefore, there is a great need
to focus the safety in the rear seat to enhance
knowledge in order to take the right actions to
reduce injury numbers and severity, especially
focusing the population of most common rear
seat occupants.
Improving safety for rear seat occupants requires
enhanced knowledge in several areas, involving
research
regarding
crash
test
dummy
development, real world crash investigations,
protection system evaluation and development,
also taking restraint handling and attitude aspects
into account. To address this, the objective of the
present study is to present a joint research
project encompassing these areas with the aim to
further enhance the safety for forward facing
occupants (aged 3y to small adults) in the rear
seat in the event of frontal to side impacts.
METHODS
This study presents a broad comprehensive
research effort that combines expertise from
industry and academia at SAFER (Vehicle and
Traffic Safety Centre) in Sweden in the joint
effort to improve safety in order to reduce the
number and severity of injuries of forward facing
children (up to small adults) in the rear seat of
passenger cars.
The project runs 2009-2011 with a planned
continuation of an additional three years and
combines the work by three PhD students (two
industrial PhD students and one academic PhD
student) and several senior researchers. The
project group consists of researcher from
Autoliv, Saab Automobile, Volvo Cars and
Chalmers University of Technology and is
associated with the Children's Hospital of
Philadelphia and Karolinska Institutet. Seminars
and workshops are held involving other
researchers in the area; for knowledge sharing
and for input to the research agenda.
Using various methodologies with applied
research directed towards countermeasures, this
project aims at mapping the causes of injuries
occurring to restrained children 3 – 12 years old
in frontal to side impacts. The overall objective
is to establish guidelines for evaluation methods
as well as protection principles, also taking
restraint handling and attitude aspects into
account. The project contains real world crash
data analyses, real world driving studies, and
physical and virtual crash testing/simulations,
also including a focus on the child occupant test
tools.
Real world crash data analysis
The aim of the real world crash data analysis is
to get an overview of crash characteristics,
injuries and injury causation. The injury
frequency and crash characteristics are identified
by literature review and field data analysis. The
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causes of injuries are identified through analysis
of real world crashes in available databases with
the focus on the most important load cases where
AIS2+ injuries (moderate injuries to fatalities)
occur to children in frontal, oblique and side
impacts.
One of the published studies from the project
examines in-depth crash investigations from two
National Highway Traffic Safety Administration
(NHTSA) databases, the National Automotive
Sampling System–Crashworthiness Data System
(NASS-CDS; 1997–2008) and the Crash Injury
Research and Engineering Network (CIREN;
1996–2009) (Bohman et al. 2011a). The selected
sample criteria were all frontal impacts with
principal direction of force (PDOF) of 11, 12,
and 1 o’clock involving rear-seated, three-point
seat belt properly restrained (with or without
booster) children from 3 to 13 years with AIS2+
head injuries. Cases were analyzed using the
BioTab method of injury causation assessment in
order to systematically analyze the injury
causation scenario for each case. BioTab is a
case analysis method used by the CIREN
network.
In another study, NASS-CDS data from 1994 to
2007 was queried for severely injured (MAIS3+
or fatality), rear seat occupants involved in near
side collisions (Bohman et al. 2009). Belted as
well as unbelted occupants were included and
analyzed separately. Case vehicles included cars,
vans and SUV’s, with no restrictions on car
model or age. The data was weighted to become
representative of the national U.S. population of
tow-away crashes during 1994 to 2007. The
occupants were divided into two groups; 13
years and older formed the “adult group” and
occupants aged 4-12 years formed the “child
group”.
Thirdly, one study aimed at describing the
characteristics of near side impact crashes in
which children seated in the rear seats were
injured was conducted (Andersson et al. 2011b).
This study was based on cases from NASS-CDS
(1997-2007), CIREN and Chalmers (20042006). The children were between 3 and 13 years
old and they were properly restrained.
Real world driving studies
As a part of the project, children riding in actual
vehicles were studied in order to find out more
about how children behave when seated in
different restraints in the rear seat of vehicles.
The sitting posture and behavior of children were
monitored while riding in the rear seat, both in
driving studies on roads and on a test track with
braking and turning maneuvers.
The aim of the on-road driving studies was to
increase the understanding of the natural sitting
behavior of children during a car ride,
specifically to identify the preferred sitting

posture and the seat belt positions relative to the
torso, using different types of restraints during
an actual ride in the rear seat of a passenger car.
The aim of the maneuver studies was to
quantify the kinematics of child occupants
during swerving and braking maneuvers with a
focus on the child’s inboard lateral movement
and seat belt position relative to the child’s
shoulder with the aim of monitoring body
kinematics and belt position.
A first on-road driving study was conducted to
identify common seating positions and to
investigate the effect of high back booster
seatback designs on the choice of children’s
sitting postures during riding for six children
between 3 and 6 years (Andersson et al. 2010).
Vehicles equipped with a video camera were
used in real traffic situations. The children were
positioned in high back boosters in the rear right
seat of a passenger car, while a parent was
driving a pre-determined trip for 40-50 minutes,
for each of the two boosters. Two markedly
different boosters were chosen. One of the high
back boosters had small head side supports (10.5
cm) and no torso side supports, while the other
had large head (20 cm) and torso side supports
(Figure 1).

Figure 1. The two types of high back boosters
used in the driving study by Andersson et al.
2010.
A second driving study on roads was performed
to identify the preferred sitting posture and the
seat belt positions relative to the torso of 8- to
13-year-old children, when seated with and
without a booster (without backrest) during ride
in the rear seat of a passenger car (Jakobsson et
al. 2011). A total of six children made two rides
each in a test vehicle, traveling about 40 minutes
in two types of restraints; seat belt only and
using booster. The parent drove the car. Data
was collected through observations, using video
recordings inside the car. Four film cameras
were fixed in the vehicle providing a front view
of the child, a perpendicular lateral view of the
child, an oblique view of the child and a front
view of the road.
For both studies, the children’s different sitting
postures were defined according to a
classification system based on the position of the
head and torso in the sagittal and lateral
directions. Film analysis was used. The duration
Jakobsson 4

of each sitting posture that each child assumed
was quantified and their activities were
documented. Also, for the second study, the
shoulder belt position relative to the torso was
categorized and the duration of each shoulder
belt position was quantified.
A maneuver driving study was conducted on a
closed-circuit test track involving braking and
turning maneuvers with 16 children aged 4-12
years restrained in the right rear seat of a modern
passenger vehicle. The test set up and the
analysis of the turns are described in Bohman et
al. 2011b. A professional driving instructor
drove the test vehicle and a parent was seated in
the front passenger seat. While traveling at a
velocity of 50 km/h, the vehicle was quickly
turned 90º to the right. The children were
unaware of when the turns and braking would
take place. The children were exposed to two
turns and one braking in each of two different
restraint systems. The restraint status of the
children varied according to their stature.
Children from 105-125 cm stature were using
boosters, with and without backrest. The taller
children (135-150 cm) were using a backless
booster and seat belt only. Four film cameras
were fixed in the vehicle providing a front view
of the child, a perpendicular lateral view and two
different oblique views. Vehicle data including
velocity, acceleration in forward and lateral
direction and steering wheel angle was recoded
together with shoulder belt force. Film analysis
was used to quantify the lateral position of the
child relative to the position of the shoulder belt
throughout the event. Also, the same test set up
was run using different sizes of child crash test
dummies. This data is to be analysed and
compared to the child data.

the dummy pre-positioned in a pre-maneuver
positions, such that it was moved 6 cm inboard
the vehicle resulting in an initial shoulder belt
position far out on the shoulder, see Figure 2.
These tests form an important part of the total
project for connecting the results from the
driving studies and real world data analyses, and
are still to be published.

Figure 2. Dummy seating position in the premaneuver position in the frontal impact crash
testing
A finite element model of a vehicle and
occupants of two sizes was developed and used
with the aim to investigate the effects of crash
related car parameters on injury measures for
small occupants in near side impacts,
(Andersson et al. 2011a). The occupant models
used in the study were the SIDIIs and the
THUMS 3-year-old, see Figure 3. The protective
effects were evaluated in both optimal and
common non-optimal occupant postures. The
selection of sitting postures was based on the
results from the driving studies.

Crash testing and simulations
With the aim of evaluating different restraint
properties, physical crash testing as well as
virtual crash simulations were conducted and
analyzed. Frontal and side impact crash tests
were performed using different sizes of child
crash test dummies. Side impact parameter
studies using virtual crash test simulations for
two sizes of occupants were run.
With the aim of evaluating thoracic protection
for rear seat occupants, four tests of two different
mid size passenger cars with and without side
airbags were analyzed (Bohman et al. 2009). The
tests were performed according to IIHS side
impact crash test protocol using SIDIIs dummies
in the rear seat position on the struck side.
Inspired by the results in Bohman et al. (2011a),
reconstructions of some typical real life cases
with head injuries in frontal and oblique impacts
were performed using the HIII 10y crash test
dummy. Oblique impacts tests were run with a
PDOF of 20 degrees. Tests were also run with

Figure 3. The THUMS 3-year-old model in an
optimal sitting posture restrained by seat belt
in the rear seat using a backless booster
(Andersson et al. 2011a)
Test tools for small occupants
Inventory of existing crash test dummies and
dummy models representing small occupants of
ages 3-12 years is included as a part of the joint
project and is ongoing. This includes a review of
Jakobsson 5

published evaluations and other experience from
the use of these tools in crash testing, including
the biomechanical validation / evaluation. Also,
child crash test dummies are being used to
reconstruct the kinematics of the children in the
maneuver tests.
As a part of this study, Bohman et al. (2010)
evaluated the seating position of the HIII 6y
crash test dummy compared to the children's
preferred sitting postures as seen in the study by
Andersson et al. (2010). The child dummy was
seated according to three different seating
procedures;
FMVSS213,
the
modified
FMVSS213 (Reed et al 2003) and the NPACS.
Two different types of high back boosters were
used.
RESULTS
Real world crash data analyses
In the review by Bohman et al. (2011a)
containing 27 cases of rear-seated children
restrained by seat belts in frontal crashes who
sustained AIS2+ head injuries, three distinct
injury causation scenarios were identified. These
include head contact with seatback, head contact
with side interior, and no evidence of head/face
contact, Figure 4.

characterized by high crash severity and
accompanied by severe injuries to the thorax and
spine.
In the side impact analysis of MAIS3 to fatally
injured rear seat occupants (Bohman et al. 2009),
the importance of protecting the thorax against
injuries caused by contact with the side interior
was revealed. This applied to all occupants four
years and older. In fact, it was found that of all
MAIS3+ injured restrained occupants 13 years
and older, 59% had AIS3+ thoracic injuries and
38% had AIS3+ head injuries. For MAIS3+
injured children, age 4-12, 51% had AIS3+
thoracic injuries and 54% had AIS3+ head
injuries. Compared to adults, children sustained
less fractures and more lung injuries.
The results of the study of near side impact
crashes in which properly children seated in the
rear seats were injured are to be published
(Andersson et al. 2011b).
The real world crash data analyses lead to
increased understanding of the injury patterns
and causation in the different crash restraint
scenarios so that interventions to mitigate the
burden of injury can be further advanced.
Real world driving studies
In the driving study on actual roads with the 3 to
6 years old subjects, using two different types of
high back booster designs (Andersson et al.
2010), it was found that the design with large
side head supports resulted more often in seating
positions without head and shoulder contact with
the booster’s back, Figure 5.

Figure 4. Illustration of injury causation
scenarios in the study by Bohman et al. 2011a
Head injuries with seatback or side interior
contact typically included a PDOF larger than 10
degrees (similar to IIHS and EuroNCAP offset
frontal testing) and vehicle maneuvers. For the
seatback contact scenario, the vehicle’s
movements (due to oblique impacts and/or
maneuvers) were likely to contribute to occupant
kinematics inboard the vehicle, causing a less
than optimal restraint of the torso and/or torso
roll-out of the shoulder belt. For the side interior
contact scenario, the PDOF and/or maneuvers
forced the occupant toward the side interior. The
cases without evidence of head/face contact were

Figure 5. Examples of sitting postures in the
study by Andersson et al. 2010
There was shoulder-to-booster back contact
during an average of 45% of riding time in the
seat with the large head side supports compared
Jakobsson 6

to 75% in the seat with the small head side
supports. The children in the study were seated
with the head in front of the front edge of the
head side supports more than half the time, in
both boosters. Laterally, the children were
almost constantly positioned between the side
supports of the booster in both seats. The
observed seating positions likely lead to
reductions in the desired protective effect by the
side supports in side impact, and may increase
the probability of head impact with the vehicle
interior in case of an impact.
For the larger children in the second driving
study on actual roads, differences in lateral
sitting posture and shoulder belt position could
be seen comparing with and without booster
usage. The booster helped position the belt at the
mid of the shoulder and the sitting postures were
more stable for all the children when using
boosters as compared to when no booster was
used. More details can be found in Jakobsson et
al. 2011.
In the maneuver study involving a total of 64
manuevers with 16 children experiencing two
turns in each of the two restraint conditions,
mainly the upper body kinematics and belt
position on the shoulder was studied. Snapshots
of sitting postures before and during the
swerving maneuver are shown as an example in
Figure 6. The children moved laterally about the
same distance regardless of stature or restraint
system, however due to initial seat belt position
and other factors it resulted in differences of
slipping off the shoulder. More details can be
found in Bohman et al. 2011b.

offers potential for injury reduction for
restrained occupants in the crash severities
causing the majority of severe injuries in real
world crashes. The thoracic side-airbag was
shown to reduce the average rib deflection by
50% corresponding to an AIS3+ injury risk
reduction from 36% to 3%. At the higher impact
speed, a thoracic side airbag reduced the thoracic
injury risk from 93% to 24%.
The unpublished oblique frontal impact sled test
with the HII 10y resulted in torso roll out similar
to the findings by Bidez et al. (2005). When the
dummy was pre-positioned in a pre-maneuver
positions, as illustrated in Figure 2, it resulted in
a torso roll out of the shoulder belt, which was
not the case in the same frontal impact situation
when the dummy was in a standard seating
position. The crash tests also highlighted the
difficulty in obtaining the real world kinematics
and head impact locations using existing crash
test dummies and test procedures. Results from
these tests are still to be published providing
valuable data for the overall understanding of
potential head injury causation mechanisms.
The side impact simulation parametric study
reveals valuable insights regarding the vehicle's
safety systems (such as the airbags and seat belt
pretensioner) effect on the injury measures for
both the THUMS 3-year-old and the SIDIIs
models. The results show that the systems play
an important role in protecting children as well.
More details can be found in Andersson et al.
2011a.
The physical and the virtual crash tests provide
valuable contribution to the project for
guidelines of protection principles.
Evaluation methods - test tools for small
occupants

Figure 6. Sitting posture before and during
the swerving maneuver in the study by
Bohman et al. 2011
Further studies will follow within the project
evaluating the child passenger kinematics during
the braking sequence in the maneuver study.
The real world driving studies provide valuable
contribution to the understanding of the real
world usage and effect of the restraint systems.
Crash testing and simulations
The full scale side impact tests by Bohman et al.
(2009) showed that a side airbag in the rear seat

Several different crash test dummies are used
throughout the project, as well as the two FE
occupant models, THUMS 3y and SIDIIs. There
are demonstrated areas of improvement needed
for these dummies in order for them to
adequately represent a real child.
In the study by Bohman et al. (2010), the seating
position of the HIII 6y was compared to the
preferred sitting postures of child passengers in
the naturalistic study by Andersson et al. (2010).
The results show that in the high back booster
with the small side supports, the children spent
75% of their time in a position similar to the HIII
6y in the same booster positioned according to
FMVSS213 (Figure 7a) and NPACS. In the high
back booster with the larger side supports, the
children spent 45% of their time in a position
corresponding to the HIII 6y seating position
(Figure 7b). The rest of the time, the children
had no contact with their shoulders resulting in
their head partly or completely out of the side
wings.
Jakobsson 7

Figures 7a-b. The HIII 6y seated according to
the FMVSS 213 seating procedure in the two
seats, respectively (Bohman et al. 2010)
An ongoing study of the child crash test
dummies ability to replicate child passengers'
kinematics in the maneuver situations will reveal
possible improvement areas of the dummies for
their feasibility in facilitating dynamic prepositioning in such events.
DISCUSSION
This project combines a diverse set of methods
as well as a broad range of partners in a
comprehensive research project (including 3
PhD students) addressing an understudied area
of safety – protection of properly restrained
young occupants in the rear seat.
The results from this comprehensive multi-stage
project offer valuable input to safety system
development, dummy design and test methods
development. Specifically, the data stresses the
need to further investigate the pre-crash situation
for the children in the rear seat, including initial
belt-fit, the possible effect of pre-crash
maneuvers and the challenges of a real world
impact direction is rarely pure frontal or lateral.
Real world safety of rear seat occupants,
especially children, requires evaluation of
protection systems beyond standard crash testing
in frontal and side impact conditions. This
project explores the complete context of rear seat
protection in impact situations ranging from
front to side and directions in between, focusing
the real world needs for total enhanced safety.
Although several methods are combined in this
study, an even deeper and more complex
approach is needed to cover the complete spectra
within the scope. The results within the project
encourage more research efforts in several areas,
such as:
•

Overcoming the limitations in real world
data collection today in determining the
influence of possible critical pre-crash
events.

•

Increased focus on rear seat occupants,
including mapping and evaluating effects of
sitting postures at time of impact, both in
real world data and in testing.

•

Driving studies both in normal on-road
driving and critical situations to collect more
data on the behavior and kinematics of the
children in the rear seat.

•

The child occupant models and dummies
need to better replicate the real world injury
causation scenarios. Special challenges
apply to the pre-crash phase.

This study summarizes a research project at
SAFER (Vehicle and Traffic Safety Centre at
Chalmers), where researchers from the industry
and universities cooperate with the aim of further
improving safety for children (from 3y) to small
adults in the rear seat. The project speeds up the
safety implementation process due to the
interaction between academic and industrial
researchers.
CONCLUSIONS
This study summarizes the research activities
within a comprehensive multi-stage project of
rear seat safety for small occupants.
The real world crash data indicates that several
of the injured children, despite being properly
restrained, impacted the vehicle interior structure
with their head/face resulting in serious injury.
This was attributed to oblique crashes, pre-crash
vehicle maneuvers or initial poor belt fit.
Crash tests confirmed the importance of proper
initial belt-fit for best protection. The crash tests
also highlighted the difficulty in obtaining the
real world kinematics and head impact locations
using existing crash test dummies and test
procedures. The parametric side impact
simulation studies indicated that the vehicle’s
occupant protection systems, such as airbags and
seat belt pretensioners, play an important role in
protecting children as well.
The results from the on-road driving studies
illustrate the variation of sitting postures during
riding in the rear seat giving valuable input to
how representative the standardized dummy
seating positioning procedures are. The results
from the maneuver driving studies illustrate the
importance of understanding the kinematics of a
child relative to the seat belt in a real world
maneuver situation.
The results help to drive the rear seat safety
development in frontal to side impacts by
providing knowledge and by identifying
important tasks for the research agenda.
ACKNOWLEDGEMENTS
This work has been carried out at and partly
financed by SAFER -Vehicle and Traffic Safety
Centre at Chalmers, Sweden and partly financed

Jakobsson 8

by FFI (Fordonsstrategisk Forsknings och
Innovation), Vinnova, Sweden.
The authors would like to acknowledge our
fellow researchers in the area associated with our
project, specifically Dr. Anna-Lisa Osvalder at
Chalmers, Sweden, Dr. Maria Krafft at Umeå
University and Folksam Research, Sweden, Dr.
Richard Kent at University of Virginia, US, Dr.
Matthew Reed at UMTRI, US and Dr. Flaura
Winston, Dr. Michael Nance and Matthew
Maltese at the Children's Hospital of
Philadelphia, US.
REFERENCES
Andersson M, Bohman K, Osvalder A-L. "Effect
of Booster Seat Design on Children's Choice
of Seating Positions during Naturalistic
Riding". The 54th AAAM Annual
Conference, Annals of Advances in
Automotive Medicine, October 2010;
54:171-80
Andersson M, Pipkorn B, Lövsund P.
"Parameter Study for Child Injury Mitigation
in Near Side Impacts through FE
Simulations." Traffic Injury Prevention,
2011a, submitted
Andersson M, Arbogast KB, Pipkorn B,
Lövsund P. "Characteristics of Crashes
involving Injured Children in Side Impacts."
International Journal of Crashworthiness,
2011b, Accepted for publication
Arbogast KB, Ghati Y, Menon RA, Tylko S,
Tamborra N, Morgan R. "Field Investigation
of Child Restraints in Side Impact Crashes".
Traffic Inj Prev. 6(4):351–360, 2005
Arbogast K, Jermakian JS, Kallan M. Durbin
DR. "Effectiveness of Belt Positioning
Booster Seats: an Updated Assessment".
Pediatrics 124: 1281 –1286, 2009
Bidez M, Hauschild HW, Mergl KM, Syson SR.
"Small Occupant Dynamics in the Rear Seat:
Influence of Impact Angle and Belt Restraint
Design", SAE Paper no. 2005-01-1708, 2005
Bidez M. "A critical safety need for children
ages 4-12 years". Docket No. NHTSA-200626555, 2006
Bohman K, Boström O, Olsson J, Håland Y.
"The Effect of a Pretensioner and a Load
Limiter on a HIII 6y, Seated on Four
Different Types of Booster Cushions in
Frontal Impacts". Int. Ircobi Conf, Madrid,
Spain, 2006:377-380
Bohman K, Rosén E, Sunnevang C, Boström O.
"Rear Seat Occupant Thorax Protection in
Near Side Impacts". The 53rd AAAM
Annual Conference, Annals of Advances in
Automotive Medicine, Oct. 2009; 53:3-12

Bohman K, Andersson M, Osvalder A-L. "A
Comparison of Children's Sitting Postures
during Drive and the HIII 6y Seating Position
– in Two Different High Back Booster
Seats". Int. Conf. Protection of Children in
Cars, Munich, Germany, December 2010
Bohman K, Arbogast K, Boström O. "Head
Injury Causation Scenarios for Belted, RearSeated Children in Frontal Impact". Traffic
Injury Prevention, 12:62-70, 2011a
Bohman K, Stockman I, Jakobsson L, Osvalder
A-L, Boström O, Arbogast KB. "Kinematics
and Shoulder Belt Position of Child Rear
Seat Passengers during Vehicle Maneuvers".
The 55th AAAM Annual Conference, Annals
of Advances in Automotive Medicine,
2011b, in press
Braver ER, Whitfield R, Ferguson SA. “Seating
Positions and Children’s Risk of Dying in
Motor Vehicle Crashes”, Injury Prevention,
4:181-187, 1998
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. Biomechanics, Vol. 2,
1968:267-280
Carlsson G, Norin H, Ysander L. "Rearward
Facing Child Seats – The Safest Car
Restraint for Children?" AAP Vol. 23, Nos.
2/3, 1991:175-182
CHOP (Children's Hospital of Philadelphia),
"Partners for Child passenger Safety, Fact
and Trend report", September, 2008
DeSantis Klinich K, Pritz HB, Beebe MB, Welty
KE. "Survey of Older Children in
Automotive Restraints", Proc. 38th Stapp Car
Crash Conf. SAE-942222, 1994:245-264
Durbin DR, Elliot MR, Winston FK. "Beltpositioning Booster Seats and Reduction in
Risk of Injury among Children in Vehicle
Crashes". JAMA (Journal of the American
Medical Association), 2003; 289(21): p283540
Forman J, Michaelson J, Kent R, Kuppa S,
Bostrom O, "Occupant Restraint in the Rear
Seat: ATD Responses to Standard and Pretensioning, Force-Limiting Belt Restraints",
The 52nd AAAM Annual Conference,
Annals of Advances in Automotive
Medicine, October 2008
Henary B, Sherwood CP, Crandall JR, Kent RW,
Vaca FE, Arbogast KB, Bull MJ. "Cars
Safety Seats for Children: Rear Facing for
best Protection". Injury Prevention, vol. 13,
pp. 398 – 402, 2007

Jakobsson 9

Isaksson-Hellman I, Jakobsson L, Gustafsson C,
Norin H. "Trends and Effects of Child
Restraint Systems based on Volvo's Swedish
Accident Database", Child Occupant
Protection 2nd Symposium Proc., P-316,
SAE-973299, SAE Int., Warrendale, PA,
USA, 1997:43-54
Jakobsson, L., Isaksson-Hellman, I., Lundell, B.
"Safety for the Growing Child – Experiences
from Swedish Accident Data". ESV Paper
No. 05-0330, 2005
Jakobsson, L., Wiberg. H., Isaksson-Hellman, I.,
Gustafsson, J. "Rear Seat Safety for the
Growing Child – A new 2-Stage Integrated
Booster Cushion". ESV Paper No. 07-0322,
2007
Jakobsson L, Bohman K, Stockman I, Andersson
M, Osvalder A-L, "Older Children's Sitting
Postures when Riding in the Rear Seat".
IRCOBI Conference, 2011, in press
Kamrén B, v.Koch M, Kullgren A, Lie A,
Tingvall C, Larsson S, Turbell T. "The
Protective Effects of Rearward Facing CRS:
An Overview of Possibilities and Problems
Associated with Child Restraints for Children
Aged 0-3 years". Child Occupant Protection
Symposium Proc., SP-986, SAE-933093,
SAE Int., Warrendale, PA, USA, 1993:113119
Karlbrink L, Mellander H. "A Three Point Belt
in the Rear Centre Seating Position as
Accessories". SAE Congress and Exposition,
SAE 870483, SAE International, Warrendale,
PA, USA, 1987
Kent R., Forman J., Parent D., Kuppa S. ”Rear
Seat Occupant Protection in Frontal Crashes
and its Feasibility”, ESV, 07-0386,. 2007
Kuppa S, Saunders J, Fessahaie O. “Rear Seat
Occupant Protection in Frontal crashes”,
ESV Paper No. 05-0212, 2005
Lopez-Valdes F J, Forman J, Kent R, Bostrom
O, Segui-Gomez M, "A Comparison between
a Child-size PMHS and the Hybrid III 6 YO
in a Sled Frontal Impact". The 53rd AAAM
Annual Conference, Annals of Advances in
Automotive Medicine, October 2009
Lundell B, Mellander H, Carlsson I. "Safety
Performance of a Rear Seat Belt System with
Optimized Seat Cushion Design". SAE
810796, SAE International, Warrendale, PA,
USA, 1981

McCray L, Brewer J, Paciulan K. "Protection of
Children in the Rear Seat in Real World
Crashes". Presentation at NHTSA meeting,
May 10, 2006
NHTSA (National Highway Traffic Safety
Adm)., "Traffic Safety Facts 2006, Data,
Children", DOT HS 810 803. Washington,
DC, 2006 :
Norin H, Saretok E, Jonasson K, Andersson Å,
Kjellberg B, Samuelsson S. "Child Restraints
in Cars – An Approach to Safe Family
Transportation".
SAE
Congress
and
Exposition, SAE-790320, SAE International,
Warrendale, PA, USA, 1979
Osvalder A-L, Bohman K. ”Misuse of Booster
Cushions – An Observation Study of
Children’s Performance during Buckling
Up”, The 52nd AAAM Annual Conference,
Annals of Advances in Automotive
Medicine, October 2008
Smith KM, Cummings P. “Passenger Seating
Position and the Risk of Passenger Death or
Injury in Traffic Crashes”, Accident,
Analysis and Prevention (AAP), 36: 257-260,
2004
Stalnaker RL. "Spinal Cord Injuries to Children
in Real World Accidents". Child Occupant
Protection Symposium Proc., SP-986, SAE933100, SAE International, Warrendale, PA,
USA, 1993:173-183.
Tarrière C. "Children are not Miniature Adults".
Proc. of Int. Conf. on the Biomechanics of
Impacts (IRCOBI), 1995:15-27
Tingvall C. "Children in Cars – Some Aspects of
the Safety of Children as Car Passengers in
Road Traffic Accidents", Acta Paediatrica
Scand Suppl 339, Thesis, ISSN 0300-8843,
1987
Warren Bidez M, Syson S. "Kinematics, Injury
Mechanisms and Design Considerations for
Older Children in adult Torso Belts", SAE
2001 World Congress, SP-1573, SAE 200101-0173, SAE International, Warrendale, PA,
USA, 2001
WHO, "World Report on Traffic Injury
Prevention",
WHO
(World
Health
Organization) report, 2004

Lundell B, Carlsson G, Nilsson P, Persson M,
Rygaard C. "Improving Rear Seat Safety – A
Continuing Process". Paper no. S9-W-35,
Proc of 13th Int. ESV Conf., 1991:1194-1200

Jakobsson 10

