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The Design and Effect of Child Restraint Systems in Vehicles

By PETER W. ARNBERG
National Swedish Road and Traffic Research Institute, Fack, S-581 01 Linkoping

This paper presents theoretical considerations and investigations concerning child restraint
systems in vehicles. The major emphasis of the paper is on factors related to the handling
qualities of different types of child restraint systems. Rearward facing seats were found to give
the child the best protection while also offering good contact with and supervision of the child.
Problems assumed to exist in connection with this type of seat such as carsickness and the
child’s difficulty in seeing out were found to be rare, although general problems in connection
with all types of restraints were observed and investigated. Rearward facing seats were found
to be both practical and usable in Sweden according to questionnaire data from 1,575 parents
collected in 1976. The ‘ third generation’ of these seats is now being marketed in Sweden, and
over 300 000 rearward facing seats have been sold to date.

1. Introduction

Automobile collisions are the most common cause of death and injuries for young
children. In recent years much attention has been directed towards providing effective
child restraint systems in vehicles. In line with this, a series of investigations on child
restraint systems has been carried out at the National Swedish Road and Traffic
Research Institute, the major results of which are described in the present paper. The
main emphasis will be on factors related to the handling qualities of different systems,
although anatomical factors and results of simulated crash test studies are also
considered.

2. Background Considerations

One of the most important criteria on which to judge the effectiveness of a restraint
system is its performance in simulated crash tests. The results of such studies, however,
must be seen in relation to the anatomical characteristics of the young child.

The child’s physical structure is not merely a miniature of an adult’s. The differences
are major and make it essential that a restraint system be designed and evaluated with
the particular anatomical needs of the child in mind. The head area is especially in need
of protection, as head and brain injuries are among the most severe and common types
of injuries sustained by young children. The bones of the skull do not reach full
ossification until about 17 months. Not only is the brain thus vulnerable as a result of
penetration of the skull, but also as a result of violent accelerations which can cause
concussion, intracranial bleeding, and oedema. Multiple change of direction, as
occuring in whiplash, is even more injurous in this respect (Wimmersperg and
Czernakowski 1976). In addition, the mass of the child’s head is proportionally greater
with respect to the rest of the body than that of an adult’s and is weakly supported by
the neck. Rapid movements in the neck area can also be injurous to surrounding nerves,
blood vessels, and spinal cord segments (Burdi et al. 1969). No data are yet available
concerning the injury threshold of the cervical area in regard to extreme forward and
rearward bending.
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Most of the skeleton and pelvis are less developed than that of an adult’s. The
shoulders, especially those of a very young child, are not suitably formed to be able to
restrain heavy shock loads in car crashes by a shoulder strap system (Wimmersperg
and Czernakowski 1976). The soft bone structure of the rib cage makes organs such as
the lungs and heart extremely vulnerable to nonpenetrating impacts to the chest.

In light of the foregoing, it is thus recommended that in order to be effective, a
restraint system for children must distribute the impact forces over as large an area of
the body as possible in a uniform load distribution. The head and torso should be
decelerated at the same time, should follow the deceleration of the car, and should begin
as early as possible during the impact (Aldman 1963, Feles 1970, Turbell 1974).

With these considerations in mind, head and torso decelerations were measured in
frontal impact simulation for 25 different types of child restraint systems. Alderson
three- and six-year-old anthropopometric dummies were used. The impact speed was
50kmh ! and the test sled deceleration was between 150 and 200m s~ 2. A crash in
which a constant speed was maintained and in which the driver did not brake before
impact was simulated. The most important difference between the various types of child
restraint systems tested was that the resultant head acceleration and hyperflexion of the
neck were considerably lower for rearward facing seats as compared with forward
facing seats, cushions, shells and harnesses (Turbell 1974, Figures 2—4).

Thus, according to both anatomical considerations and the results of simulated
crash test studies, a restraint system firmly anchored to the car, with hard nonrecoiling
paddings, which places the child in a rearward facing direction, and which supports the
entire body surface of the child is the most effective means of protection. Several of the
other systems examined exhibited gross design inadequacies which indicated that they
were aimed more towards keeping the child in place than preventing injury during a
collision. The ‘hookover’ seat, for example, served as a dangerous platform, causing
the child to be hurled over the front seat and out through the windshield, and thus led to
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Figure 2. Shield type child seat: The child’s head and body are whipped forward.
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Figure 3. Forward facing child seat: The child’s head is whipped forward.
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Figure 4. Rearward facing child seat: The child’s head is cushioned by the seat.

Each of the above figures depicts a typical example of the effects of a 50 km h™' crash. Head
displacements were recorded by high-speed photography (shown by a dark line originating at the
middle of the head). Brain inertial forces were measured by an accelerometer (represented in vector
form by a dark line near the ear). The figures are taken from Turbell 1974.

even more severe injuries than might have been the case without any restraint system at
all.

Results from accident statistics from 26 971 passengers aged less than 15y in the U.S.
(Williams and Zador 1976) show that although restrained children have a lower injury
rate than unrestrained, restrained children often get injured (9%, in the back seat and
11% in the front seat as compared with 13%, and 189, respectively, for unrestrained
children). According to a study carried out in Los Angeles by Neumann et al. (1974), the
most commonly used systems in the U.S. are probably standard seat belts and seat belt-
secured seats.

With regard to the position of the seat, due to instrusion of the passenger
compartment in severe crashes, the child is safer in the back than in the front. For
maximum safety child seats should therefore be fitted to the rear of the car. However,
real and simulated crashes, conducted at the Institute, have shown that the back of a
good rearward facing seat gives acceptable protection even in the front of the car. This
is because the engine comes in under the child’s seat and thus does not injure him.

Although it is possible to make forward facing restraint systems which reduce the
effects of an impact if they are securely fastened in the car, a good rearward facing
system will probably give young children much better protection, at least in severe
accidents. A disadvantage with forward facing seats if placed in the back seat are
impacts of the head and lower limbs with the front seat during a crash, especially when
the front seat is in its rear position.

Although the excellent protection capacity of rearward facing seats has been
mentioned in the literature (see, e.g., Rogers and Silver 1968, Melvin and Stalnaker
1974, Molnar 1976), the seats are often considered too inconvenient to use, e.g., the
child is not able to see out, suffers car sickness while riding backwards, or the driver’s
vision is obstructed. The remaining problem is to demonstrate that this very
crashworthy type of restraint system can also be practical with regard to everyday use
and to investigate what additional improvements can be made.

3. Investigations
3.1. Surveys of Problems in Connection with the Use of Child Seats
More than 100 interviews and nearly 2000 questionnaires were used to investigate
problems in connection with driving with a child in the car. The first study was carried
out in 1972-1973 (Arnberg 1974 a) when rearward facing seats were still new on the
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Swedish market, and a more recent study was carried out in 1976 (Arnberg and
Ericsson 1976).

In the first study, three groups were compared: (1) those not using any child restraint
system, (2) those using forward facing seats, and (3) those using rearward facing seats.
The parents were asked questions pertaining to general safety factors, management and
comfort of the child, and handling qualities of the seats.

All three groups considered it disturbing and a risk to drive with a child in the car.
The results showed that those parents using rearward facing seats were much more
aware of safety aspects than those in the other groups. The most common reason for
not purchasing a seat was that the child was too lively. The parents not using a restraint
system were much more worried about the installation than those in the other groups.
Nearly all in this group required the seat to be easy to install, whereas those parent’s
already using seats did not feel that the installation was a problem.

In regard to the comfort and manageability of the child, 80% of the groups with
rearward facing seats and without any restraint system stated that the child could play
easily enough, whereas only about 50%; of the group using forward facing seats felt so.
In all groups, approximately 10% of the children sometimes became carsick. The
children could sleep best when unrestrained, but about 709 could also sleep in seats.
Nearly 909 of the parents using rearward facing seats felt that they could manage the
child easily, compared with slightly over 50%, of the group using forward facing seats
and 409, of the group using no restraint system. Problems with the installation
instructions and the installation itself as well as with the buckles and harnesses were
mentioned in the groups using seats. Also mentioned were problems concerning how to
make the child sit in the seat.

By the time the next study was carried out in 1976, the results from the prior survey as
well as from investigations aimed at improving the seats had reached manufacturers,
and many of the complaints voiced earlier had disappeared. More parents were using
child seats in this study than in the previous study, and a greater percentage of these
were rearward facing seats. The results showed that rearward facing seats were
functioning rather well and that—although some problems were mentioned such as the
child’s difficulty in sleeping in the seat and looking out the window, the child’s being too
lively for the seat, and the lack of a suitable seat for twins—most problems in
connections with them seemed to be more related to the way in which the parents were
using the seats rather than to the seats themselves. The following recommendations
were made to parents so that the seats could be used to their best advantage:

(i) that the seat be used as soon as the child was able to sit up
(if) that they should never drive so long with the child that it became uncomfortable
in the seat and later refused to sit in it
(iii) that they should make a little hat for the child attached to the seat back by means
of a piece of “Velcro” if the child’s head falling forward while sleeping was a
problem
(iv) that they maintain a consistent attitude toward the use of the seat.

3.2. An Allocation of Rearward Facing Seats

Rearward facing seats were allocated to sixteen parents who either had had no
experience in using child seats at all or who were using a forward facing type at the time
of allocation (Arnberg 1975 b). The purpose of the allocation was to study the effects of
rearward facing seats on the parents’ attitudes after they had experienced using the
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seats for one month. The data was collected by means of a daily journal containing both
structured and open-ended questions as well as through interviews.

Before having used the seats, eight of the 16 parents had been positive towards
rearward facing seats, and after having used them for one month, 14 of the 16 parents
were positive towards them. Fifteen parents spontaneously mentioned the good
contact afforded with the child while driving. The parents stated that the children seem
to like the seats and that they could even sleep in them, although seven parents
mentioned that the child’s head fell forward while sleeping. None of the parents
complained about the children experiencing car-sickness.

With regard to the handling qualities, thirteen of the parents complained about
difficulties in taking the child in and out of the seat and in adjusting the shoulder straps
due to the construction of the harness, as well as about the buckles being too easy for
the children to open. Both of these complaints motivated additional studies dealing
specifically with these problems. In general, the seats were positively accepted and were
used regularly by the parents. Table 1 shows the number of parents who considered
that improvements had been made due to the seats.

Table 1. Number of parents who considered that improvements had been made due to rearward facing
seats with respect to the following areas (number of subjects = 16): Number of ‘ yes -answers.

Comfort of the child 14
Comfort of the adult 15
Supervision of the child 16
Contact with the child 16

One year following the allocation, the parents were contacted again. Eleven out of
fifteen parents were still using the seats (the sixteenth parent could not be found). Six
parents reported that they used the seat regularly, while five parents reported that they
used it only during weekends and longer trips.

Four parents had stopped using the seats altogether, but in no case was this related to
any problems in connection with the seat (three parents had recently changed cars and
had not yet installed the child seat and one child had outgrown the seat).

3.3. Handling Qualities

3.3.1. Removal of the child from the seat. In experiments under simulated darkness
conditions in which adults attempted, as quickly as possible, to remove child dummies
from ten of the most common child restraint systems in Sweden (Arnberg 1974 b), it was
found that the systems varied greatly with regard to release times (average release time
=34 to 221 s). For half of the seats, at least one of the 20 subjects required more than
two minutes to ‘rescue’ the child dummy. Some of the seats were so poorly designed
that several of the subjects were forced to give up. They often found it difficult to find the
opening mechanism and to understand how it worked. Buckles and harnesses with a
single push button opening mechanism were found to be most satisfactory. Technically
complicated mechanisms which were constructed to keep the child in place were
considered a potential risk for causing the child to become trapped during an
emergency.

3.3.2. Ability of children to open the buckles themselves. An experiment involving
children from two to five years of age was carried out in which it was studied how easily
the children could open ten different buckle-harness systems currently available on the
Swedish market (Arnberg 1974 b). The results showed that nearly all children over three
and a half years of age succeeded in opening all of the buckles and that the two-year-old





















