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Are restrained children under 15 years of age in
cars as effectively protected as adults?
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Aim: To compare the injury distribution between children and adults, injured as restrained car passengers.
Methods: Population based study of data from a French road trauma registry in 1996–2002. Children
under 15 years old were compared with adult casualties according to the distribution of serious injuries in
three distinct body regions (head, chest, and abdomen) when they were restrained car passengers. A
multivariate logistic regression was performed to quantify the risk of AIS2+ injury (Abbreviated Injury
Scale of 2 or more).
Results: Among the 7568 casualties who were injured as restrained car passengers in car accidents, 1033
were less than 15 years old. Overall, 35.4% of children and 25.2% of adults were unrestrained. For
children and adults, the risk of fatality was significantly reduced when they were restrained, but the
percentages of children with Injury Severity Score (ISS) >16, were not significantly different between
restrained and not restrained casualties. Compared to adults, restrained children aged 5–9 were 2.7 times
(OR 2.74; 95% CI 1.17 to 6.43) as likely to sustain an AIS2+ abdominal injury, and tended to be more at
risk of AIS2+ head injuries, but were less at risk of AIS2+ chest injuries.
Conclusions: Children aged 5–9 years injured in road accidents as restrained car passengers were more
likely to sustain an AIS2+ abdominal injury than adults. This emphasises the need to reinforce educational
campaigns aimed not only at getting children into restraint systems, but also insisting on their correct use.

C

hildren younger than 15 years old involved in a car
accident are usually passengers. Their safety is the
responsibility of adult drivers. Moreover, children are
spending more and more time in the car, resulting in an
increasing exposure to the risk of a road accident.1 The
effectiveness of seatbelts in reducing overall injury severity
and fatality has been already well demonstrated, even for
children of school age.2 3 However, the premature use of
seatbelts for children between 4 and 10 years as well as the
use of lap belts is not recommended.4 Since suitable child
safety seats (CSS) are proven to be effective in protecting
children in cars,5–7 many countries have made their use
compulsory. In France, the use of age appropriate CSS has
been compulsory since 1992 for all child car passengers up
until the age of 10. However, these recommendations are
poorly respected.8 Moreover, misuse of these CSS is frequent.9
The use of CSS is insufficiently checked and little data is
known concerning their correct use. Seatbelts can lead to
certain specific injuries, like the seatbelt syndrome, when use
of the seatbelt is premature and when it is out of position.10 11
A better knowledge of paediatric particularities in injury
patterns, as a better understanding of injury mechanisms,
would allow emergency medical staff to provide the most
appropriate emergency care. It could lead to a specific
prevention programme targeting the safety of children in
cars and promoting the improvement of car design with them
in mind.1 This study was undertaken to determine whether
children under 15 years of age are as effectively protected as
adults when they are restrained car passengers.

METHODS
Data collection
A road trauma registry in the Rhône region of France
(population 1.5 million inhabitants; main city, Lyon) has
been in use since January 1995.12 Data collection is based on
the participation of all medical units involved in the health
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care of crash victims in the Rhône region and its close
surroundings (201 units).
To avoid losing ‘‘dead at the scene’’ cases, mortuaries and
forensic institutes are also included. Any person injured in a
road accident which occurred within the Rhône region is
included. Casualties are defined as persons sustaining at least
one injury of a severity level of 1 or more according to the
1990 revision of the Abbreviated Injury Scale (AIS).13 The
information collected by the registry consists of the casualty’s
characteristics, the accident’s characteristics, the medical
injury description, and the injured person’s subsequent
progress. After the data are cross checked from one source
to another, they are coded by a physician. The registry is
approved for ethical and scientific aspects by the French
’’Comité National des Registres’’.

Study design and variables definition
All car passengers casualties between 1996 and 2002 were
recorded by the registry. Children under 15 years old were
compared with adults, according to their injury pattern, the
circumstances of the accident (date, time, location, light
condition), and their restraint use (seat belt, CSS). Before
2000, the seatbelt and CSS were not distinguished.
Information relative to CSS was available for only 126
children. Among these, 85 were in a CSS and sustained only
40 (including 11 AIS2+) head injuries, four (one AIS2+) chest
injuries, and four (two AIS2+) abdominal injuries, making it
impossible to perform such a subgroup analysis. For that
reason, car passengers were considered restrained if they
used a seatbelt or a CSS, and unrestrained if not. The
restraint status of children and adults was determined from
emergency care physicians.
For children, three subgroups of age were defined as 0–4,
5–9, and 10–14 years, because current recommendations for
age appropriate restraint and/or seating position vary
according to these age groups. They were compared with
patients aged over 15 years (15+), called ‘‘adults’’.
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Statistical analysis
Incidence rates were calculated using as numerator all car
passenger casualties (including 82% Rhône residents) and as
denominator the resident population, estimated by the 1999
census. Bivariate associations between variables were
assessed by x2 tests (or Fisher exact test when relevant) at
the 5% threshold. In order to take the seating location and
the accident severity into account, we used a multivariate
logistic regression analysis to quantify the independent
association of each factor with the risk of AIS2+ injury.
Results of logistic regression modelling are expressed as
adjusted odds ratios (OR) with corresponding 95% confidence intervals (CI). Interactions between age and seat
location, gender and seat location, as well as between date
and time of accident were tested using the Wald x2 test, and
were not found to be significant. All the analyses were
performed with SAS software.

RESULTS
A total of 12 700 car passenger casualties were included in
the registry during the 1996–2002 study period. The
corresponding annual incidence was 120 per 100 000
population. The under 15 years olds accounted for 1915
casualties (15.1%), and were compared with 10 785 adults.
Data relative to the use of a restraint system were available
for 8739 adults and 1599 children. Overall, 35.4% of children
and 25.2% of adults injured in a road accident as car
passengers were unrestrained (p , 0.0001). The highest rate
of unrestrained car passengers was observed in the 5–9 years
group (37.9% v 34.0% for other children, NS). However, 73%
of adults injured as car passengers were located in the front
seat, compared to children who were mainly rear passengers
(77%). Compared to 38% of children (390), 53.4% of adults
(992) injured as rear passengers were unrestrained
(p , 0.001). On the contrary, 21.5% of children (68) injured
as front passengers were unrestrained compared to 15.6% of
adults (817, p , 0.01).
The respective odds ratios of severe trauma among
survivors, and of fatality were calculated for those casualties
with complete information on the restraint system (table 1).
We failed to demonstrate a significant protective effect of a
restraint system on overall injury severity for surviving
children (table 1). However, for both categories of age, the
risk of fatality was significantly reduced when a restraint
system was used.

The rates of injuries in the four body regions (head, chest,
abdomen, and spine) were compared between children and
adults (table 2).
When they were injured in a road accident as restrained car
passengers, children were more likely to experience a head or
an abdominal injury than adults. On the contrary, they were
less likely to sustain a chest or a spine injury. Children had
also significantly less AIS2+ chest injuries than adults (1.74%
v 5.69%), but they sustained significantly more AIS2+
abdominal injuries than adults (1.74% v 0.84%).
Concerning head injuries, a significant difference between
children and adults was only observed for AIS3+ injuries
(1.84% v 0.87%). Whether those differences are associated
with the seating location was then studied. Even though the
percentages of AIS2+ head injuries were similar between
children and adults injured as rear car passengers (almost
6%), children tended to be more likely AIS2+ brain injured
than adults when they were injured as front car passengers
(8.4% v 5.3%, p = 0.03). Since it was demonstrated that the
seating location has a significant effect on the injury of car
passengers, we adjusted the multivariate analysis for seating
location (table 3). The location, the date (school day or not),
and the time (night or daytime) of the accident were taken
into account in this analysis, since those characteristics are
proxy variables of the accident severity.
Compared to adults, children between 5 and 9 years were
2.7 times as likely to sustain an AIS2+ abdominal injury
(table 3). Whereas AIS2+ chest injuries were more likely to be
sustained by adults than children, AIS2+ head injuries
tended to be more frequent in children. Females were more
at risk than males to experience an AIS2+ chest injury but
were less at risk than males to have an AIS2+ head injury.
The rear position was associated with a lower risk of AIS2+
chest injury. For the three body regions examined, accidents
that occurred on non-urban roads were associated with a
higher risk of AIS2+ injury, whereas those occurring at night
were associated with a higher risk of AIS2+ head injury.
In the univariate matched pair analysis, comparing 248
children to 250 adults injured in the same accidents, the odds
ratios were 1.05 (95% CI 0.47 to 2.35), 0.18 (95% CI 0.05 to
0.61), and 2.22 (95% CI 0.65 to 7.63) respectively for AIS2+
head, chest, and abdominal injuries.

DISCUSSION
The first finding of our study is that children injured as car
passengers were more likely to be unrestrained than adults,
particularly those aged 5–9 years. Similar findings have
already been described so that safety advocates call now this
group the ‘‘forgotten child’’.5 15 16 The protective effect of
restraint system on fatality is confirmed in our study in
adults as well as in children. However, we failed to
demonstrate for children a significant protective effect of
restraint system on the overall severity (ISS16+). Hoffman et
al in 1987 also found that the ISS were not significantly
different between restrained and unrestrained children.17
Apart from a weak statistical power due to the sample size,

Table 1 Protective effect of restraint system for adult and child car passengers; odds
ratios and 95% CI of severe trauma and fatality

Restrained children* (n = 1033)
Unrestrained children (n = 566)
Restrained adults (n = 6535)
Unrestrained adults (n = 2204)

Survivors
ISS 16+

OR

14
6
80
54

1.00
1.26
1.00
2.04

95% CI
0.45 to 3.72
1.42 to 2.93

Fatalities

OR

2
6
30
27

1.00
5.52
1.00
2.69

95% CI
1.01 to 39.64
1.55 to 4.67

*Among the 85 child car passengers restrained in a child safety seat, there was no fatality and no child with severe
trauma.
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Injuries were classified according to the AIS. Injuries with
an AIS score of 2 or greater (AIS2+) were called ‘‘AIS2+
injuries’’. The overall injury severity was assessed using the
Injury Severity Score (ISS) which is the sum of the squares of
the highest code in each of the three most severely injured
ISS body regions for each casualty.14 A severe trauma was
defined as an ISS of 16 and over. Only thoracic, brain,
abdominal, and spinal injuries were examined, because those
injuries were more likely to lead to critical conditions and/or
to severe disabilities.
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Distribution of injuries by body region among children versus adults injured as car passengers in a road accident*
Restrained car passengers

Head
Chest
Abdomen
Spine

Unrestrained car passengers

Children (n = 1033)

Adults (n = 6535)

p valueÀ

Children (n = 566)

Adults (n = 2204)

p valueÀ

263 (25.46)
150 (14.52)
93 (9.00)
155 (15.00)

1069 (16.36)
1916 (29.32)
390 (5.97)
2260 (34.58)

,0.0001
,0.0001
,0.0001
,0.0001

176 (31.1)
36 (6.36)
27 (4.77)
57 (10.07)

672 (30.05)
359 (16.29)
118 (5.35)
554 (25.14)

NS
,0.0001
NS
,0.0001

NS, not significant.
*Data are presented as numbers and percentages in brackets. Subjects may have sustained injuries to more than one body region.
p values were calculated based on the null hypothesis of no difference between children under 15 years versus adults.

the most likely explanation of this result is that the noninjured subjects involved in car accidents were not included
in the registry. It results in an underestimation of the
protective effect of seatbelts or restraints.
The comparison of the injury distribution between
restrained children and adults involved in car accidents
showed that children less than 15 years old were more likely
to suffer a head or an abdominal injury, but less likely to be
injured to the chest or the spine. However, most of these
injuries were slight so we focused our multivariate analysis
on injuries with an AIS severity of 2 or more. Children aged
5–9 were more at risk than adults of sustaining an AIS2+
abdominal injury. However, children under 15 were less
likely to sustain chest injuries than adults. Children were not
significantly more seriously injured to the head than adults in
this logistic regression model, but children were more likely
to experience an AIS 3+ head injury than adults in univariate
analysis. Nance et al found a higher rate of abdominal injuries
in children aged 4–8.18 Moreover children in this age group
had the lowest optimal restraint use. There were no reported
abdominal injuries among the optimally restrained children—that is, using the belt-positioning booster seats. Agran
et al previously described the same findings in 191 children
less than 15 years restrained with seatbelt and in 131
children aged 4–9 years.19 One recent study based on
automobile insurance data found that, compared with
children between 2 and 5 years old using CSS, children
using seatbelts were 3.5 times more likely to have a

significant injury and 4.2 times more likely to have
significant head trauma.15 The most likely explanation of
the higher risk of serious abdominal injuries in children aged
5–9 is an inappropriate use of seatbelts. Recent studies have
demonstrated that belt positioning booster seats reduced the
risk of injuries in children aged 4–7 years.5 9 Lap belts used
without shoulder belts can lead to severe traumatic brain,
abdominal, and spinal injuries.8 Without a booster seat the
lap belt does not fit low on the hips and is not held in place by
the anterior superior iliac spines. Consequently the lap
portion of the belt rides up over the soft abdomen and the
shoulder portion crosses the neck or face. As children are
uncomfortable in this situation, most place the shoulder belt
behind them, resulting in the same situation of lap belt only,
or under their arm, leading to an increased pressure on the
upper part of the abdomen.
Another main finding of our study is the lower risk of
serious chest injuries in restrained children compared with
adults, and particularly females. It is well recognised that the
chest wall of children is more compliant than adults,
resulting in less rib fractures.20 For children, the harnesses
of CSS may protect them from more severe chest injuries.
This could explain the lowest rate of serious chest injuries
observed in restrained children less than 5 years of age who
have to be seated in CSS with harnesses.
The tendency of a higher rate of AIS2+ head injuries in
restrained children less than 10 years of age would be
interesting to investigate. Whether is it due to the young age

Table 3 Multivariate analysis of the risk factors of AIS2+ injury to the head, chest, and abdomen in 7568 restrained car
passengers injured in a road accident (adjusted odds ratios and 95% CI)
Variables (n)
Age group
0–4 years (272)
5–9 years (352)
10–14 years (409)
15 and more (6535)
Gender
Female (4963)
Male (2605)
Seat location
Rear (1500)
Unknown (1381)
Front (4687)
Road type
Non-urban road (2283)
Other (1530)
Urban road (3755)
Time of accident
Night (1878)
Unknown (1649)
Daytime (4041)
Date of accident
Non-school days (5212)
School days (2356)

www.archdischild.com

AIS2+ head injury
(n = 418)

AIS2+ chest injury
(n = 390)

AIS2+ abdominal and/or pelvic injury
(n = 73)

1.39 (0.83 to 2.34)
1.38 (0.87 to 2.18)
1.10 (0.71 to 1.71)
1.0

0.24 (0.08 to 0.78)
0.30 (0.12 to 0.74)
0.48 (0.25 to 0.91)
1.0

1.39 (0.40 to 4.84)
2.75 (1.17 to 6.46)
2.16 (0.95 to 4.89)
1.0

0.75 (0.61 to 0.92)
1.0

1.56 (1.23 to 1.99)
1.0

1.18 (0.71 to 1.94)
1.0

0.94 (0.71 to 1.25)
0.95 (0.73 to 1.24)
1.0

0.70 (0.51 to 0.98)
0.79 (0.59 to 1.04)
1.0

1.02 (0.54 to 1.95)
1.02 (0.54 to 1.93)
1.0

1.52 (1.23 to 1.89)
0.90 (0.67 to 1.21)
1.0

1.62 (1.30 to 2.02)
0.86 (0.63 to 1.17)
1.0

2.08 (1.26 to 3.44)
0.93 (0.44 to 1.95)
1.0

1.58 (1.26 to 1.98)
0.98 (0.74 to 1.30)
1.0

0.94 (0.73 to 1.20)
0.80 (0.60 to 1.07)
1.0

1.28 (0.75 to 2.20)
1.01 (0.53 to 1.94)
1.0

0.96 (0.78 to 1.19)
1.0

0.85 (0.69 to 1.06
1.0

0.93 (0.56 to 1.53)
1.0
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What this study adds

N
N

N
N

Child safety seats provide a better protective effect than
seatbelts alone
Many children are still not restrained in cars and
misuse of child safety seats is frequent

or to the restraint system used requires further study.21 This
question is crucial because head injuries are the leading cause
of long term disabilities resulting from road accidents.
Limitations
Several limitations in the interpretation of our results must
be considered. The Rhône Registry is based on medical
reports. The injury description may be incomplete. However,
most of the seriously injured subjects are hospitalised and
consequently most of them have several registry records
resulting in better data accuracy. Only injured subjects are
included in this registry, which may lead to an underestimation of the protective effect of seatbelts or restraint
systems. Unfortunately, as we had no information on the
type of restraint used, we cannot affirm that the higher risk
of abdominal injuries is due to a misuse of seatbelts or a lack
of booster seats. Moreover, there is no published study in
France about the frequency of misuse and about the rate of
booster seat use. The determination of the restrained status is
based on the registry records, and information is obtained
either by parents or witness reports or by emergency medical
services reports. Misclassifications cannot be excluded even
though there is no reason to observe more misclassifications
among children than among adults.
Whether our logistic regression models, using location and
time of accident as proxy variables of severity, are correctly
adjusted on accident severity is questionable. However, the
matched pair analysis comparing children and adults injured
in the same accident confirmed the odds ratio values.
Nevertheless, these criteria are insufficient to explain the
higher risk of AIS2+ head injury for males, which is likely to
be due to a greater crash velocity.

Children injured as car passengers are more frequently
unrestrained than adults
Restrained child car passengers aged 5–9 years are
2.7 times as likely to sustain a serious abdominal injury
than adults
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Conclusions
Children aged 5–9 injured in a road accident as restrained car
passengers were more likely to sustain an AIS2+ abdominal
injury than adults. The most likely explanation is an
improper use of the restraint system. This emphasises the
need to reinforce educational campaigns aimed not only at
getting children into restraint systems, but also insisting on
their correct use. Such campaigns should be an integral part
of any changes in car design and legislation.
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stating the clinical area you are interested in, to CECommissioning@bmjgroup.com.

Call for peer reviewers
Clinical Evidence also needs to recruit a number of new peer reviewers specifically with an
interest in the clinical areas stated above, and also others related to general practice. Peer
reviewers are healthcare professionals or epidemiologists with experience in evidence-based
medicine. As a peer reviewer you would be asked for your views on the clinical relevance,
validity, and accessibility of specific topics within the journal, and their usefulness to the
intended audience (international generalists and healthcare professionals, possibly with
limited statistical knowledge). Topics are usually 1500-3000 words in length and we would
ask you to review between 2-5 topics per year. The peer review process takes place
throughout the year, and out turnaround time for each review is ideally 10-14 days.
If you are interested in becoming a peer reviewer for Clinical Evidence, please complete the
peer review questionnaire at www.clinicalevidence.com/ceweb/contribute/peerreviewer.jsp
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