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Introdudion

The value of air bags as an occupant
protection feature was hotly debated
throughout much of the 1970s and 1980s.
However, there isnow a strong consensus
that the combination of an air bag and a
lap/shoulder belt is the best occupant pro-
tection system currently available. There
is less agreement, however, on the value
of air bags when belts are not worn. In-
creasing numbers of new cars have been
sold with air bags, and enough of them
have been in severe crashes for their ef-
fectiveness in real-world crashes to begin
to be quantified.

Federal regulations require that all
1990 and later model-year passenger cars
sold in the United States be equipped with
automatic restraints.' Manufacturers have
been able to meet these requirements,
which were phased in over 3 years, with
either automatic seat belts or air bags.
Cars with air bags are also equipped with
manual lap/shoulder belts. Increasingly,
air bags are being installed as either stan-
dard or optional equipment on new cars,
primarily on the driver side only. By mid-
1991 there were approximately 5.5 million
cars on the road with driver-side air bags.

Prior to the current generation of air
bag-equipped cars, General Motors pro-
vided air bags as an option on a few full-
size and luxury car models in the 1970s. In
the first major study of real-world crashes
involving air bags, Mohan et al. compared
injuries in frontal impacts among front-
seat occupants who either had air bags,
were using lap/shoulder belts, or were un-
restrained.2 Using a statistical relationship
between probability of death and Injury
Severity Score,3 Mohan et al. estimated
that, in these crashes, air bags reduced the
expected number of fatalities per 1000 oc-
cupants relative to unrestrained occu-

pants by 79% and relative to lap/shoulder
belt-restrained occupants by 26%.

The National Highway Traffic Safety
Administration reviewed all the available
information and published estimates for
the effectiveness of various restraint sys-
tems in reducing occupant fatalities in all
passenger car crashes (frontal as well as
other types). Based on this review, it es-
timated occupant fatality reductions of
20% to 40% for air bags alone, 45% to 55%
for air bags used in combination with lap/
shoulder belts, 40% to 50% for manual
lap/shoulder belts, and 35% to 50% for
automatic belts.4

The present study compares fatalities
of drivers in passenger cars equipped with
air bags against driver fatalities in compa-
rable late-model cars equipped with only
manual lap/shoulder belts. It then assesses
air bag effectiveness in terms of fatality
reductions in crashes that involved frontal
impact damage relative to crashes that did
not.

Methods
Data

The data analyzed in this study were
obtained from the Fatal Accident Report-
ing System for 1985 to mid-1991.5 This re-
porting system is a computerized database
that includes virtually all fatal motor ve-
hicle crashes that occur on public roads in
the United States.

Because most cars equipped with air
bags have them only on the driver's side,
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only driver fatalities were included here.
The present study is based on fatality
counts rather than on fatality rates be-
cause it is not possible to obtain meaning-
ftl registration counts in the first calendar
year that cars are on the road. This means
that the first year's fatality experience for
particular models cannot be used, leaving
insufficient data for a study based on rates
at this time.

The make, series, model year, and
restraint type for each vehicle were deter-
mined from its vehicle identification num-
ber using a special-purpose computer pro-
gram (Vindicator) developed and
maintained by the Highway Loss Data In-
stitute.6 Vehicle identification numbers
have a built-in code for identifying cars
with air bags. All cars equipped with air
bags as optional or standard equipment on
or before the 1991 model year were in-
cluded in this study. For comparison, ear-
lier models of the same make and series
(same nameplate) and the same size class
with only manual belts were included, if
available, back to the 1985 model year.
Some car models (e.g., Mazda Miata)
were introduced as airbag cars and had no
previous manual belt versions. These cars
were included in the main analysis to max-
imize the number of air bag-equipped ve-
hicles in the study. Some cars were
equipped with automatic belts for a brief
period and later models were equipped
with air bags; fatalities in automatic belt
cars were excluded. Drivers killed in sin-
gle-vehicle noncollision events, such as
fire, immersion, or gas inhalation, were
also excluded.

Classification of Crash, Vehicle,
and Driver Factors

Restraint system Vehicle identifica-
tion numberswere used to distinguish cars
with air bags and to exclude cars with au-
tomatic belts.

Damage area. Damage due to the ini-
tial impact is coded in the Fatal Accident
Reporting System separately from dam-
age due to the principal impact. For both
types of impact, damage coded as clock
positions 10, 11, 12, 1, or 2 was classified
as frontal. All other known damage (e.g.,
damage represented by specific damage
codes other than those listed above) was
classified as nonfrontal. Nonfrontal dam-
age includes damage to the side, rear, top,
and undercarriage, as well as damage
identified as due to underride, override, or
rollover without a specific impact point.
Cars for which either initial or principal

impact points were unknown were classi-
fied as unknown and were excluded from
all analyses.

Numberofvehiclesin crash. Crashes
were grouped according to whether they
involved one or more than one vehicle.

Vehicle size. Vehicle size was de-
fined in terms of wheelbase (rounded to
the nearest inch): small (<100 in.); mid-
size (100 in. to 109 in.); or large (> 109 in.).

Other classifications. Crashes were
classified by year of occurrence (1985 to
1989, 1990, 1991). Drivers were classified
by age (under 30 vs 30 and over), by re-
ported seat belt use (belt used vs belt not
used or usage unknown), and by driver
ejection (completely or partially ejectedvs
unejected). The belt use information
coded in the Fatal Accident Reporting
System has become less reliable since the
advent of seat belt laws, but even though
the coded information is not completely
reliable, it was included in the analysis as
a way of assessing the plausibility of find-
ings.

Estination ofAir Bag Effect
Air bags are designed to deploy in

crashes in which deceleration along the
main vehicle axis exceeds a specified
threshold. Thus, in the vast majority of
crashes in which air bags deploy, the ini-
tial impact, the principal impact, or both
impacts will involve frontal damage to the
vehicle. In manual belt cars, frontal im-
pacts account formost of all driver deaths,
and it is in frontal impacts that air bags are
expected to provide maximum benefit.
Thus, the location of damage incurred in
fatal crashes can be used to assess air bag
effectiveness. In this study, an impactwas
classified as frontal when the initial im-
pact, the principal impact, or both indi-
cated frontal damage.

In a population of cars in which a
driver fatality has occurred, the relative
frequency of cars with frontal damage
should be lower among cars with air bags
than among cars with manual belts only.
This proposition can be expressed quan-
titatively using odds ratios. The ratio (R)
ofthe number of drivers kdlled in cars with
frontal damage (F) (i.e., frontal damage in
initial and/or in principal impact) divided
bythe number ofdrivers killed in carswith
nonfrontal damage (NF) (i.e., nonfrontal
damage in both initial and principal im-
pact), R = F/NF, measures the odds that
a fatally injured driver was killed in a car
with frontal damage. The frontal damage
odds ratio is defined as OR = R1/R2, in
which Rl is the frontal damage odds for
cars with air bags and R2 is the frontal

damage odds for cars without air bags. If
air bags prevent fatal driver injuries in cars
with frontal damage, the frontal damage
odds ratio is smaller than 1; if air bags do
not prevent such injuries, the frontal dam-
age odds ratio is greater than 1; and if the
odds ratio is not statistically different from
1, the evidence is not conclusive.

The standard error for the log odds
ratio (log(OR)) was estimated from the
numbers of drivers killed in frontal and
nonfrontal crashes in cars with air bags
(Fl, NFl) and in carswithout air bags (F2,
NF2):

SE = (1/F1 + 1/NFl
+ 1/F2 + 1iNF2)W.

Under the null hypothesis that air bags
have no effect on the frontal odds ratio,
the approximate distribution of the log
odds ratio is normal with mean zero and
standard error SE. A large negative (pos-
itive) value for the test ratio log(OR)/SE
would justify concluding that air bags re-
duce (increase) driver fatalities involving
frontal impacts. The magnitude of the test
ratio can be assessed using the normal dis-
tnrbution.

The percentage of drivers (PS)whose
lives were saved in cars with air bags that
had frontal damage was estimated here
from the frontal damage odds ratio,
PS = 100 x (1-OR).

In the present study, as already
noted, crashes are classified as involving
frontal damage when initial and/orprinci-
pal impacts were coded as frontal. For
carswith multiple impacts, initial and prin-
cipal damage locations sometimes differ,
and air bag effectiveness can depend on
whether the initial, the principal, or both
impacts were frontal. However, in most
crashes, the initial and principal impact
points are the same, and the number of
multiple-impact crashes in the database
was not sufficient to estimate air bag ef-
fectiveness separately and with adequate
reliability for the various impact-point
combinations.

The validity of estimating the per-
centage of driver lives saved from reduc-
tions in the frontal damage odds ratio re-
quires the plausible assumption that air
bags exert their influence only on crash
outcome and not on crash involvement. In
otherwords, it is necessary to assume that
air bags prevent fatalities after deploy-
ment, primarily in frontal impacts, but that
they do not otherwise modify the mix of
impacts in potentially fatal crashes. If this
assumption were false-that is, if air bags
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influence not only the outcome but also
the mix of impacts in potentially fatal
crashes-fatality reduction estimates
based on frontal odds ratio reductions
could be biased. However, once one has
controlled for the size of the car, there are
no documented selection biases that
would correlate the presence of air bags
with an increase or decrease in the odds
for frontal involvement among potentially
fatal crashes.

It may be possible for an air bag to
deploy and protect the driver of a car that
sustained no frontal impact damage in a
crash. For example, a side impact could
set off an air bag if the longitudinal speed
component change exceeded the deploy-
ment threshold. However, such crashes
would be classified as nonfrontal, and
drivers-when protected by air bags-
would be counted against, and not for, air
bag effectiveness. Because air bag deploy-
ment was coded in the Fatal Accident Re-
porting System as unknown for 65% of all
drivers who were killed driving a car
equipped with air bag, deployment data
were not used in this study.

In the main analysis, some car mod-
els that contnbute heavily to the manual
belt fatality counts contnbute little (and
sometimes not at all) to the air bag fatality
counts, and vice versa. Also, there were
relatively few air bag fatalities prior to
model year 1987. Thus, as a check on re-
sults from this analysis, several further
analyses were carried out. These were
limited:

1. to model years 1987 to 1991;
2. to model years 1987 to 1991 and to

make/series with no significant design
change (other than from manual belts to
air bag) that might affect occupant protec-
tion (see Appendix);

3. to model years 1987 to 1991, to
make/series with no significant design
change (other than from manual belts to
air bag) that might affect occupant protec-
tion, and to make/series with at least five
manual belt fatalities and five air bag fa-
talities (which thereby excluded air bag
make/series with no previous manual belt
version [e.g., Mazda Miata] aswell as cars
that contnbuted to only one set of fatality
counts); and

4. to model years 1985 to 1991, ex-
cluding Mercedes-Benz (which, because
of the large number of cars it produces
with air bags, makes a major contnbution
to air bag fatalities and a minimal contri-
bution to manual belt fatalities).

By the 1991 model year, 169 car se-
ries had been equipped with air bags.
Among cars for which impact points were
known, there were 571 driver fatalities in
cars with air bags compared with 8045
driver fatalities in the comparison with
manual belt cars. Impact points were not
known for 20 air bag cars and 169 manual
belt cars with driver fatalities, so these
cars were not included in the counts and
were excluded from the analyses.

Driver Fatafities by Initial and
Princpal Impact Points

In crashes with driver fatality and no
frontal impact, the ratio of driver fatalities
in air bag-equipped cars to fatalities in
cars equipped with only manual belts was
0.087. In crashes in which both the initial
and principal impacts were frontal, the ra-
tio of driver fatalities in air bag cars to
fatalities in manual belt cars was 0.062.
Thus, in these crashes, driver fatalities in
air bag cars were about 29% less than fa-
talities in manual belt cars (1 - 0.29 =
0.71 = 0.062A0.087) (Table 1).

In crashes in which the initial impact
was frontal but the principal impact was
not, fatalities were about 25% lower in air
bag cars than in manual belt cars. How-
ever, when the initial impactwas not fron-
tal but the principal impact was, fatalities
were about 3% higher in air bag cars than
in manual belt cars. Crashes of the latter
te are rare (about 2.5% in the present
data set), and the slight increase is likely to
represent a chance fluctuation.

Air Bag Effectiveness Estinates
Using 1985 to 1991 Data

The ratio ofdriver fatalities in crashes
with frontal impact to fatalities in crashes

without frontal impact was 1.47 for air bag
cars and 2.03 for manual belt cars. Thus,
air bags reduced driver fatalities in frontal
crashes by about 28% (1 - 0.28 = 0.72 =
1.47/2.03). Based on the corresponding
test statistic (log(0.72)/0.089 = -3.6), this
reduction is too large to attnbute to chance
fluctuation (P < .001) (Table 2).

Air bag effectiveness was also esti-
mated separately by ejection status, re-
ported manual belt use, and other driver
and vehicle characteristics. Such "subset"
estimates are of interest in descrbing the
specific effects of air bags, providing
checks for the intemal consistency of the
results, and relating the results to earlier air
bag effectiveness estimates. Because some
of these estimates are based on relatively
small numbers and because they mayvary
for reasons not considered here, the esti-
mates presented below should not be con-
sidered definitive. To emphasize that they
are tentative, the various comparisons
were not tested for statistical s .

Among ejected drivers, air bags re-
duced fatalities in frontal impact crashes
by about 9%; among unejected drivers,
this reduction was about 32%.

Among drivers reported in the Fatal
Accident Reporting System as using seat
belts, fatalities in frontal impact crashes
were reduced by about 15%. Among driv-
ers who were reported to be unbelted or
whose belt use was reported as not
known, the comparable reduction was
about 31%. Comparing the reported belt
use rates for the two groups of cars in this
study is complicated by the fact that air
bags prevent fatalities among unbelted
drivers. This means that, in any set of fatal
crashes, the proportion of all fatalities that
are belted will be greater for cars with air
bags than for cars with only manual belts.
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Therefore, the simplest way to compare
reported belt use rates in these two groups
ofcars is to consider belt use in nonfrontal
crashes, where it is assumed that air bags

have little or no effect. In nonfrontal
crashes, reported belt use was about 30%
for manual belt cars and about 34% for air
bag cars. The reported belt use in non-

frontal crashes also varied over time; for
the manual belt cars, it was about 28% in
1989 and earlier years, about 34% in 1990,
and about 33% in 1991. The percentage of
reported belt use was the same in air bag
cars as in manual belt cars in 1989 and
earlier years, but it was slightly higher in
air bag cars during the last 2 study years.

Air bags reduced frontal impact fa-
talities by about 49% for drivers of large
cars, about 19% for drivers of midsize
cars, and about 14% for drivers of small
cars (Table 2). In crashes from 1985 to
1989, air bags reduced driver fatalities in
frontal impacts by 35%; the comparable
reductions during 1990 and 1991 were 29%
and 23%, respectively. Air bags reduced
frontal impact driver fatalities slightly
more among single-vehicle crashes (29%)
than among crashes involvingtwo or more
vehicles (25%), and slightly more among
drivers aged 30 and over (29%) than
among drivers under age 30 (25%).

Sensitivity Analyses forAirBag
Effectiveness

Restricting the main data set in vari-
ous ways and reestimating air bag effec-
tiveness only marginally affected the effec-
tiveness estimates. Overall, air bag
effectiveness in frontal crashes was 27%
for model years 1987 to 1991 (Table 3). Re-
stricting the data to model years 1987 to
1991 and to make/series with no significant
design change (other than from manual
belts to air bag) had no further effect on the
effectiveness estimate; it remained at 27%.

A further restriction to include only
make/series with at least five manual belt
fatalities and five air bag fatalities resulted
in an effectiveness estimate of about 23%.
(Note that this analysis may reduce effec-
tiveness estimates for air bags by exclud-
ing make/series with few fatalities as a re-
sult of their having very effective air bag
systems.) Finally, air bag effectiveness in
frontal crashes was estimated at 26% for
model years 1985 to 1991, using a data set
from which all Mercedes-Benz cars were
excluded.

About 67% of the drivers in cars with
only manual belts were killed in crashes
that involved frontal damage-initial,
principal, or both (Table 1). A 28% fatality
reduction among this population corre-
sponds to a 19% (0.67 x 0.28 = 0.19) re-
duction in driver fatalities in all crashes
(Table 2), which is over and above the
fatality reduction attributable to belt use in
this sample. Based on all crashes, air bags
were estimated to reduce fatalities by al-
most 21% for unbelted drivers and by 9%
for belted drivers (Table 2).
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Companison with National Highway
Traffic Safety Administration
Estinates

The reported belt use rate among fa-
tally injured drivers of manual belt cars
was 26% in this study (Table 2). Assuming
this reported belt use is reasonably accu-
rate and that manual lap/shoulder belts
prevent 45% of fatalities that would oth-
erwise occur,4 this implies that 40% of
drivers involved in potentially fatal
crashes were belted. At this level of belt
use, ifone uses the effectiveness estimates
of the National Highway Traffic Safety
Administration, air bags are estimated to
reduce driver fatalities by about 22%,
which compares with the 19% reduction
reported here.

Diwsusion
After long delays andmany courtbat-

tles, air bags are finally beginning to be
provided in quantity in new cars. The pre-
sent study represents a first step toward
the long-term goal of comprehensive, sci-
entific documentation of the effects of air
bags on occupant injuries. In this study,
air bags were estimated to prevent 19% of
the driver fatalities that would otherwise
have occurred; this represents 28% of the
driver fatalities that would have occurred
in frontal crashes.

Applying the 19% reduction for all
crashes to cars that are currently equipped
with driver-side air bags, it can be esti-
mated that the air bags already in cars had
prevented approximately 130 driver fatal-
ities by mid-1991. In future years, more
models of passenger cars, as well as ad-
ditional types ofvehicles, willbe equipped
with air bags. Based on the results of this
study, if all passengervehicles (cars, pick-
ups, vans, and utility vehicles) had had
similarly effective driver-side air bags in
1990, about 18 000 drivers would have
been killed in crashes that year-4000
fewer than the nearly 22 000 who did ac-
tually die.7

The49% reduction estimated here for
large cars is near the midpoint of the 79%
estimate for unrestrained and 26% esti-
mate for restrained drivers in Mohan et
al.2 Given that the two studies differ in
definitions of frontal impact, type of data
used, car populations, methods of analy-
sis, and the statistical uncertainties inher-
ent in estimates based on relatively small
samples, the agreement between the two
estimates is quite remarkable.

The range of effectiveness found for
different size cars-49% for large cars but

May 1993, Vol. 83, No. 5

only 14% for small cars-probably reflects
several factors. Large cars are predomi-
nantly expensive four-door models, and
among small cars are many sports models
and convertibles. Compared with other
body styles, sports models tend to have a
higher proportion of single-vehicle frontal
crashes at high speeds, at which the effec-
tiveness of restraint systems declines rap-
idly.

In a study not based on air bag crash
data, Evans estimated the effectiveness of
air bags alone in preventing fatalities in
passenger cars at about 18% for drivers
and about 13% for right front passengers.8
The key assumptions used by Evans to
derive these estimates were that air bags
do not prevent fatalities in crashes involv-
ing ejections, and that they protect only in
frontal or near frontal crashes, with injury-
reducing effectiveness equal to that of lap/
shoulder belts. The air bag effectiveness
estimates found in this study are slightly
higher than those reported by Evans but
are also somewhat lower than the mid-
point estimates of the National Highway
Traffic Safety Administration (see Intro-
duction).8 The best estimates from the
present study are that air bags alone re-
duce fatalities for all drivers by about 21%
and for belted drivers by about 9%. It has
been found in observational surveys that
drivers in cars equipped with air bags use
seat belts about as much as drivers in late-
model cars equipped with manual belts
only.9-41

Airbag effectiveness has notyet been
reliably estimated for right front passen-
gers. Assuming similar air bag effective-
ness rates as for drivers, it can be esti-
mated that, had air bags been available on
all passenger vehicles in 1990, they would
have saved more than 1400 of the approx-
imately 7500 front-seat passengers who
died in crashes in that year.7

Air bag effectiveness was estimated
here in terms ofreduced driver fatalities in
crashes that had frontal impact damage
compared with fatalities in crashes that
did not have frontal damage. This distinc-
tion made it possible to provide initial es-
timates much sooner than would have

Fatalites in Frontal Crashes

been possible using registration-based
crash rates. However, this methodologi-
cal choice required that an a priori as-
sumption be made about the lackof airbag
effectiveness in nonfrontal crashes. While
reasonable, such an assumption is proba-
bly conservative because air bags may
save the lives of some drivers in crashes
that do not involve frontal impact damage.

Because of study limitations, any as-
sessments ofthe statistical significance for
various factors should be treated as ten-
tative, and the potential importance of
variables or interactions omitted from the
study should not be ruled out. However,
this study shows that the long-awaited
promise in lifesaving benefits of air bags is
already a reality. O
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