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Injuries associated with airbag deployment
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Motor vehicle crashes are a leading cause of morbidity
and mortality in the United Kingdom. Airbags drastically
reduce both morbidity and mortality from crashes, but
with the increased use of airbags there has been a
corresponding increase in the number of injuries
attributable to these devices. This review discusses the
history and mechanism of action of airbags, along with
the spectrum of injuries seen as a result of their
deployment, and future advances that may be of benefit
in increasing motor vehicle safety.
..........................................................................

I

njury prevention is an increasingly important
component of healthcare policy in many developed countries, especially where limited resources are an important constraint. It is a stated
aim of the United Kingdom government, for
example, to reduce trauma deaths among children and young adults by 20% (from 1996 levels)
by 2010.1 The commonest cause of such deaths in
the UK is motor vehicle crashes (MVC), and the
same is true of the United States of America.2 In
the UK in 1996, 250 000 MVC victims attended
hospital and 3000 of them died.1
In both the UK and USA, the number of car
users who have been killed or seriously injured
has fallen over the past 30 years despite huge
increases in the volume of traffic (R Cuerden, et al,
63rd Road safety conference, 1998). There have
been many national programmes over the years to
effect this reduction: useful strategies have
included rigorous enforcement of speed limits,
compulsory seat belt wearing and, more recently,
the introduction of airbags into vehicles. Although correctly fitted three point seat belts have
been shown to be safer than airbags,4 there is no
doubt that airbags in themselves reduce deaths.3
If both devices are used together, further reductions in mortality are to be expected.
The first airbag was fitted to a car in the USA in
the 1950s. In the mid-1980s Passive Safety
Federal Legislation was passed with a resultant
increase in airbag use. In 1995, over 70% of new
USA cars had airbags installed, and it has been
mandatory in law to provide driver and passenger
See end of article for
airbags in all new cars in the USA since 1998. At
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(and Western European) fitted airbags are only
designed to protect a belted occupant and inflate
to 30 litres within the same time. This is in part
attributable to seat belt use in the UK and Europe,
which is estimated at 88%–91% (dependent on
sex and age, R Cuerden, et al, IRCOBI Conference,
2001).
The first driver’s side airbag was introduced in
the UK in the late 1980s, but such devices only
became widely available when Ford began to fit
them in 1992. More recently, passenger side
airbags have become more commonplace. While
airbags have obvious benefits, there has been a
corresponding increase in the number of injuries
seen as a result of airbag deployment.
The first case report of an airbag associated
fatality in the UK was published in 2000.6 In the
USA, where airbags are larger and more powerful
and seat belt law varies from state to state, airbag
related deaths and injuries are more common.

METHOD
We undertook a review of the literature to determine the spectrum of injuries resulting from airbag fitment and deployment.
Medline and Embase were searched using the
WebSpirs interface. All relevant articles were
retrieved and reviewed; other articles were found
from references in these papers. Where more than
one case of an identical injury has been reported,
only the first case has been included.

MECHANISM OF ACTION
During a motor vehicle crash, four collisions may
occur2:
First Between the vehicle and the other object
Second Between the unrestrained occupant and
the interior of the vehicle
Third Between the occupants organs and the
enclosing body wall or cavity (skull, chest wall,
etc)
Fourth Between the occupant and loose objects in
the vehicle.
Deceleration forces are dependent on the
deforming ability of the vehicle. Newer vehicles
are produced with the evidence from crash
research studies in mind, and are designed to
deform extensively on impact. This is intended to
result in a reduction in the forces applied to the
occupants.
When an unrestrained person strikes the interior of the vehicle, the stopping distance for an
unbelted person is determined by the “give” in
the car interior with which they impact. A belted
occupant, on the other hand, decelerates over a
larger distance determined by the “give” in the
seatbelt.
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EFFECTS OF AIRBAG USE
The mandatory wearing of seat belts in the UK has
contributed to a dramatic reduction in the number of deaths
and serious injuries on our roads. However, seatbelts have
their limitations—most notably in allowing the head to strike
the steering wheel (R Cuerden, et al, IRCOBI Conference,
2001).
The use of airbags is known to save lives2 7 and reduce the
incidence of serious injury in non-fatal MVCs (for example
they have been shown to reduce the risk of severe facial
injury,8 and produce a one third reduction in serious injuries to
the head (J Lenard, et al, 16th International technical conference on the enhanced safety of vehicles, Windsor, Canada,
1998). Airbags are, however, designed to be used in
conjunction with a properly fitted three point seatbelt, and the
absence of such a restraint can permit otherwise preventable
injuries.
Injuries have been described resulting from all stages of
airbag deployment, and all components of the system: from
non-deployment, spontaneous deployment, the pyrotechnic
used, expansion of the bag, contact with the bag, and
over-rapid deflation.9–11
An all encompassing review of data from the ongoing UK
Co-operative Crash Injury Study (collecting data on all serious
motor vehicle crashes since 1983) (R Cuerden, et al, IRCOBI
Conference, 2001) found that, for seat belted drivers in frontal
impact crashes, the presence of a deployed airbag led to:
• No difference in maximum abbreviated injury score (MAIS)
2 or greater (2+) injury for similar crashes.
• 42% reduction in MAIS 2+ cranium injury.
• 70% reduction in MAIS 2+ facial injury.
• No difference in MAIS 2+ chest injury.
• Significantly more MAIS 2+ injuries to the arms and right
shoulder.

SPECTRUM OF INJURY
There is convincing evidence from both sides of the Atlantic
that airbags provide excellent protection against serious

injury. However, there is an increasing amount of data on
injuries directly attributable to these devices.
In a retrospective review of United States National Highway
Traffic Safety Administration (NHTSA) data from 1980 to
1994,12 there were 618 injuries, of which 42% affected the face,
33% the upper limb, and 9.6% the chest. The most important
finding, however, was that 96% of all injuries were classified as
minor. This suggested that although airbags doubtless do
cause injury, such injuries must be viewed in the context of the
more severe injuries that they prevent.
Frampton (R Frampton, et al, IRCOBI conference, Montpellier, France, 2000) compared the rate of abbreviated injury
score (AIS) 2 or greater injury in UK and European airbag
equipped cars against non-equipped, and found a statistically
significant reduction in these serious injuries (24% v 29%,
p=0.02). Of note, he also found that the pattern of AIS 2+
injury appears to be changed by the presence of airbags, with
a greater tendency for upper limb injury, and less head and
neck injuries. For minor injuries (AIS 1), there were still more
arm injuries in airbag fitted cars, but less head, neck, and leg
injuries. These data were similar to that produced by Lenard (J
Lenard, et al, 16th International technical conference on the
enhanced safety of vehicles).
Head and neck
There have been multiple reports of head and neck injuries
related to airbags, mostly (but not uniquely) from the USA.
Injuries include facial trauma,8 temporomandibular joint
injury,13 decapitation,14 and cervical spine fractures.15 16 In
addition to bony neck injuries soft tissue injuries are also seen
with both types of system, including damage to the
vasculature.17–19 The eye seems to be particularly vulnerable to
injury, especially if spectacles are worn20: injuries include
orbital fractures,21 retinal detachment,22 and lens rupture.23
The chemicals involved in inflating the bag have been
implicated in eye injury,24 as have the cover components.25
Front seated children are also at risk of eye injury.26 Eye injuries are more commonly reported in the USA.
Despite the many case reports and series discussing head
and neck injuries arising from airbag deployment, it is important to remember that the head and neck are at very
significant risk in a frontal impact, from contact with the
steering wheel (especially if a seat belt is worn). Frampton
provides good evidence (R Frampton, et al, IRCOBI conference) that UK and European airbags are effective at protecting
against serious head injury: in this study the rate of AIS 2 or
greater head injury was 32% lower in the presence of airbags
(p<0.05); the reduction in AIS 2+ facial injuries was 55%
(p<0.05). Comparing airbag with no airbag showed a trend in
these head injured patients to have more brain injuries and
less skull fractures. This non-significant trend may represent
airbags providing greater protection to the bony elements of
the skull than the brain tissue.
Torso
Multiple case reports can be found of injuries to the chest and
abdomen. Once again, these injuries occur more commonly
but not uniquely with the larger US systems. Chest injuries
include rib fractures,27 28 bilateral pneumothorax,29 aortic
transection,30 31 heart valve injury32 and cardiac rupture.33
There are reports of overt abdominal injury,34 and occult
injuries.35 Additionally, thoraco-lumbar spine injuries are not
uncommon.36
Frampton (R Frampton, et al, IRCOBI conference) looked at
the incidence of severe (AIS2+) injury to the chest and abdomen in crashes with and without airbags: there was a
non-significant increase in chest injuries in the presence of
UK and European airbags, and no difference in the rate of
abdominal injuries. Cuerden’s review of the CCIS data
confirmed these findings (R Cuerden, et al, IRCOBI Conference, 2001).
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Airbags are intended to impact on the second collision, and
are based on a simple concept: on frontal impact of the vehicle, a deflated balloon stored in the steering wheel or fascia is
rapidly inflated under high pressure to protect the occupant.
On the driver’s side, this protection is from steering wheel
impact. Other airbags provide protection against striking the
dashboard or side panels.
Airbag inflation occurs via a deceleration sensor that
triggers a small charge (producing temperature variation from
ambient, to 700°C, and back again in less than 0.1 seconds).
Once inflated, vents in the material of the bag permit immediate deflation. If the deceleration sensor is set too high, lower
energy crashes that should result in deployment will be
missed; similarly, if it is too sensitive the airbag will deploy in
minor shunts.
Furthermore, the timing of the airbag must be adjusted so
that it is inflated to its maximum as the occupant impacts onto
it. If it inflates too soon, it will be deflated by the time the
occupant strikes the wheel; too late, and the occupant will be
in the inflation zone when the bag fires.
Studies to date have almost exclusively concentrated on
frontal impacts. In part, this is because they constitute
50%–65% of all crashes (R Cuerden, et al, IRCOBI Conference,
2001), but also because impact of the occupant from a frontal
collision will be toward the forward structures. Lateral impacts
generally produce sideways motion (side airbags are increasingly common), and rear impact protection is afforded
through seat back load deflection characteristics (alongside
head restraints).
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Lower limb
Common sense would dictate that airbags would have no
overall effect on the incidence and severity of leg injuries, and
this seems to be borne out in the literature. One paper
described several cases of leg injury from crashes in airbag
equipped cars, but made no attempt to ascribe these injuries to
airbag deployment.41 There seems to be a protective effect of
airbags on minor leg injuries, but no effect on more severe
injury rates (R Frampton, et al, IRCOBI conference).
Other injuries
A range of other “miscellaneous” injuries have been associated with deployment of both US and the smaller UK/
European systems, including acoustic damage,42 premature
rupture of the membranes in pregnancy,43 and burns.44–46
Some groups have differing risks, particularly those of short
stature,47 and some congenital abnormalities48 and this should
be borne in mind when assessing crash victims for injury.
Injuries in children
Evidence from the United States suggests that passenger airbags are associated with an increased risk of death in
children.49–51 Passenger airbags in vehicles have been associated with fatal and non-fatal injuries in children of all ages.
Two scenarios are thought to contribute to these injuries:
infants in rear facing child seats strapped into the passenger
seat may sustain severe head and neck injuries caused by the
deployment of the bag and forward facing children who are
unbelted (or improperly belted) can have their heads in the
deployment area of the bag, once again causing severe head
injuries. Graham50 presented data from the US that suggest
that passenger airbags are not only associated with cases of
child fatalities, but also that the protective effects of the bags
in terms of lives saved is outweighed by the lives lost. However,
for each of the child lives lost by passenger airbags in the USA,
5–10 adults are saved52: this figure is 75 lives saved to one life
lost for driver’s side airbags.53
In the USA, about one third of children travelling in cars do
so in the front seat; this figure is less than 15% in Europe (this
may be explained by legislation that has only recently been
repealed, prohibiting children from travelling in front seats in
several European countries).50 The rear seats are known to be
safer than front seats for passengers of any age,54 and there is
now evidence from the US that the presence of a passenger
airbag is enough to make parents seat their children in the
rear, to protect them from airbag associated injury.55 Thinking
may be changing: this can only have a beneficial effect on child
injuries.
Deaths
Many of the injuries reported above have been fatal. The only
case report of a fatality in the UK was as recently as 2000.6
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With the larger airbags in the United States, deaths are much
commoner.51 56
The aim in the USA must be to reduce the number of deaths
through modifications in design, and the UK based system
would seem better. However, with the large number of injuries
attributed to airbags, the search for improvements in design
must continue.

ALTERNATIVE RESTRAINT SYSTEMS
Head restraints
Front seat head restraints have been mandatory in the US
since 1969 (Federal Motor Vehicle Safety Standard 202) and,
although law in the UK does not yet require them, they are
subject to European Safety Regulations. They are designed
primarily to reduce the incidence of neck injuries after front or
rear impacts. However, evidence suggests that they are
ineffective at providing this protection, either because they are
poorly designed or not correctly positioned by the seat
occupant (I Olsson I, et al, IRCOBI conference, Bron, France,
1990). These devices should be positioned so that they are
centred on the centre of gravity of the head, and at a minimum
horizontal distance from the head. As few as 10% of drivers
comply with this (D C Viano, et al, 39th American Automobile
Association (AAA) conference, Chicago, USA, 1995).
Improvements in the design of head restraints could lead to
a marked reduction in “whiplash” type injuries: “smart” systems that take account of biomechanical differences in car
occupants and adjust accordingly are under investigation (M
Mackay, et al, Joint AAA–IRCOBI special session, Lyon, France,
1994).
Seat belt advances
Seat belts have already been identified as providing a high
level of protection,3 but their limitations are recognised (M
Mackay, et al, International conference on real world crash
injury research, 1997). Five areas of limitation are described:
• head and face contact with the steering wheel
• intrusion of frontal structures
• rear loading
• misuse of the seat belt
• injuries from the seat belt itself.
Some of these problems can be tackled in other ways, such
as the provision of steering wheel mounted airbags to reduce
injuries from steering wheel contact, or the use of education
programmes to ensure correct use of seat belts. Advances in
seat belt design will be required to have a further impact on
injuries related to their use.
Proposed changes (M Mackay, et al, International symposium on real world crash injury research, 1997) include: variable pretensioning force (related to impact speed and
occupant characteristics); discretionary web locks (the
amount of belt put under tension is varied according to occupant characteristics), and variable sitting position sensors (to
feed information about the occupant back to seat belts and
airbags).
Smart airbags
These devices are still in the trial phase, but are looking promising for the future. Different car occupants would be sensed,
and a number of alterations automatically made to the airbag.
Potential developments include adjustment of the triggering
force, gas volume and inflation rate. Advanced sensing and
control systems will be necessary for these to become a reality.

CONCLUSION
Airbags have been fitted into cars for nearly 50 years, although
they have only been commonplace in the UK for one decade.
During this time there have been numerous reports of injuries
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Upper limb
A whole range of injuries have been reported on both sides of
the Atlantic,37–39 with the shoulder and forearm being the
commonest sites in both airbag and no airbag crashes (R
Frampton, et al, IRCOBI conference). The clavicle is the
commonest site of AIS 2+ injury. Frampton (R Frampton, et al,
IRCOBI conference) and Cuerden (R Cuerden, et al, IRCOBI
conference) both demonstrated a significant increase in minor
and more serious injuries to the upper limb after airbag
deployment. Most of these were fractures or dislocations
(95%). Some studies have suggested that the trend is actually
the other way, with minor injuries being commonplace.40
Interestingly, although the difference in AIS 2+ injuries
was statistically significant between airbag and no airbag
crashes in Frampton’s work (R Frampton, et al, IRCOBI
conference), the majority affected the outside shoulder (84%
and 95%), and were felt to represent the forces applied by the
shoulder strap of the seat belt.
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directly attributable to airbags, with some calls for them to be
removed or deactivated. While accepting that these injuries
occur, most (up to 96%) are comparatively minor. Most occur
with the larger system used in the US, although UK airbags
have been associated with a wide range of injuries.
There is no doubting the overwhelming evidence that
airbags are effective at saving lives and preventing serious
injury, particularly if used with a well fitted three point seat
belt, and any injury attributable to their use must be seen in
light of this knowledge.
Future advances in airbag technology will help to reduce
injuries caused by these devices, but will need to be
implemented in conjunction with advances in other restraint
and sensing systems to be most effective.
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