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A B S T R A C T

Objectives. This analysis provided
effectiveness estimates of the driver-side
air bag while controlling for severity of
the crash and other potential confounders.

Methods. Data were from the Na-
tional Automotive Sampling System
(1993–1996). Injury severity was de-
scribed on the basis of the Abbreviated
Injury Scale, Injury Severity Score,
Functional Capacity Index, and survival.
Ordinal, linear, and logistic multivariate
regression methods were used.

Results.Air bag deployment in fron-
tal or near-frontal crashes decreases the
probability of having severe and fatal in-
juries (e.g., Abbreviated Injury Scale
score of 4–6), including those causing a
long-lasting high degree of functional
limitation. However, air bag deployment
in low-severity crashes increases the
probability that a driver (particularly a
woman) will sustain injuries of Abbre-
viated Injury Scale level 1 to 3. Air bag
deployment exerts a net injurious effect
in low-severity crashes and a net protec-
tive effect in high-severity crashes. The
level of crash severity at which air bags
are protective is higher for female than
for male drivers.

Conclusions. Air bag improvement
should minimize the injuries induced by
their deployment. One possibility is to
raise their deployment level so that they
deploy only in more severe crashes. (Am
J Public Health. 2000;90:1575–1581)
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Air bags have existed for more than 40
years and have always been surrounded by con-
troversy.1,2 Unlike most safety devices, a de-
ploying air bag increases the amount of energy
being released during the crash and, hence, po-
tentially increases the frequency and severity of
injuries sustained by the driver.3,4 Frontal driver-
side air bags, which have been mandated in all
new passenger vehicles sold in the United
States since model year 1997,5 were available
in many automobile makes and models before
regulation took effect. (Note that this article
refers to frontal driver-side air bags only, not to
frontal passenger-side air bags or to side air
bags for either the driver or any other occu-
pant.) In fact, in 1999, almost half of all pas-
senger cars in the US fleet were equipped with
a frontal driver-side air bag (National High-
way Traffic Safety Administration, written
communication, May 1998), and over the next
15 years or so, this ratio will increase to nearly
100%.

Air bags (also called supplemental re-
straint systems) are supposed to protect the oc-
cupants in combination with lap and shoulder
safety belts. Yet, the air bag systems sold in the
United States were designed to meet a federal
performance standard that requires that in an
experimental frontal crash at approximately
48 km/h, the forces on an unbelted 50th per-
centile male dummy’s head, chest, and thighs
do not exceed a specified level.5 A typical air
bag system consists of one or more sensors that
detect the longitudinal velocity change of the
vehicle during the crash, an electronic unit that
monitors the system, and a module that houses
the inflator and the bag,6 but the design varies
across makes, models, and years.7

Since the early 1970s, researchers have
evaluated the performance of air bag systems.
Most evaluations have focused on the air bag’s
effect on preventing fatalities. Initial estimates
of the percentage reduction in fatalities due to
air bags plus safety belts, based on expert judg-
ment or experimental data or both, ranged from
18% to 55%.5,8–15 More recent effectiveness es-

timates, computed with real-world fatal crash
data (and in some cases computed with the dou-
ble pair comparison method16), suggest an ap-
proximately 19% reduction in fatality risk
among belted drivers.17–19 The only estimates
available to date regarding air bag effectiveness
in nonfatal injuries indicate reductions in mod-
erate to serious nonfatal injuries to the head,
face, and upper torso among occupants in fron-
tal crashes,18,20–23 but the magnitude of these
benefits varies greatly from study to study.
More complete reviews of the reported effec-
tiveness estimates are available elsewhere.24,25

In contrast to these encouraging findings,
several studies have linked air bags to the cau-
sation of injuries. To date, air bags have been
linked to the deaths of 57 drivers (National
Highway Traffic Safety Association, National
Center for Statistics and Analysis [NCSA] on-
line. Available at: http://www.nhtsa.dot.gov.
Accessed December 1, 1999) and to numer-
ous nonfatal injuries of varying degrees of
severity, including corneal abrasions, aortic
rupture, lung contusions, abdominal injuries,
and open fractures of the forearm.26–35

It has been suggested that air bag–related
injuries may be associated with specific de-
sign features, such as the amount of energy re-
leased by the deploying air bag; the speed of in-
flation; and the volume, shape, or folding
pattern of the bag.36,37 It has also been sug-
gested that these air bag–induced injuries are
more likely in female drivers.21 In addition, air
bag–induced injuries are the most serious in-
juries reported in relatively low-speed crashes,22

Driver Air Bag Effectiveness by Severity
of the Crash
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TABLE 1—Selected Driver, Vehicle, and Crash Characteristics in Frontal and
Near-Frontal Crashes With Known Longitudinal Delta V: National
Automotive Sampling System Crashworthiness Data System
Calendar Years 1993–1996, Passenger Cars of Model Years
1986–1997

All Air Bag Deployed Air Bag Not Deployed 
(N=5003), % (n=1095), % (n=3908), %

Driver
Age, y

13–24 30.6 28.5 31.1
25–54 51.8 53.5 51.3
55–64 6.2 7.1 6.0
≥65 10.8 10.2 11.0
Missing 0.6 0.7 0.6

Sex
Male 49.3 50.9 48.8
Female 50.6 49.0 51.0
Missing 0.1 0.1 0.2

Injury severitya

MAIS
0 40.4 37.0 41.4
1 32.9 34.4 32.5
2 11.3 12.2 11.1
3 8.4 10.9 7.7
4 1.7 1.5 1.8
5 1.1 1.2 1.0
6 4.2 2.8 4.5

ISS
0 40.4 37.0 41.4
1–3 32.9 34.4 32.5
4–8 9.3 10.6 8.8
9–15 8.1 10.0 7.6
16–24 3.1 2.9 3.1
25–75 6.2 5.1 6.6

MFCI
0 83.7 79.6 84.9
1–20 4.1 6.5 3.4
21–40 2.8 3.9 2.5
41–60 3.7 6.2 3.0
61–80 1.1 0.6 1.2
81–100 4.6 3.2 5.0

Vehicle
Air bag present 34.0 100.0 15.5

Crash
Air bag deployed 21.9 100.0 0.0
Delta V, km/h

<12 17.5 10.6 19.4
12–23 42.8 45.6 42.0
24–31 19.2 21.5 18.6
32–39 9.7 10.8 9.4
≥40 10.8 11.5 10.6

Seat belt used
Yes 66.0 69.9 64.9
Missing 5.6 5.5 5.7

Note. MAIS=Maximum Abbreviated Injury Scale; ISS=Injury Severity Score;
MFCI=Maximum Functional Capacity Index.

aInjuries selected for analyses include up to 14 of the most severe injuries per driver
reported from autopsy, hospital, emergency room, and medical records. Fatalities were
considered as MAIS=6, ISS=75, and MFCI=100 (excludes drivers who died of causes
unrelated to the crash). Drivers with no injuries were coded as MAIS=0, ISS=0, and
MFCI=0.

which raises the question of whether these air
bags are deploying unnecessarily in some
crashes.

When is the crash serious enough to
warrant air bag deployment? Current air bags
are designed to deploy at crashes between 12
and 26 km/h, although the precise threshold

varies by make, model, and, in some cases,
the restraint use of the occupant.7 Lower de-
ployment levels imply higher air bag de-
ployment rates, which have been associated
with a higher incidence of air bag–related in-
juries.38,39 In low-speed crashes, the injuries
induced by the deploying air bag may be

more serious than injuries that would other-
wise have occurred, whereas in higher-speed
crashes, air bag deployment may actually pre-
vent the driver from sustaining more severe
injuries.

The goal of this analysis is to provide net
effectiveness estimates of the driver-side air
bag in preventing fatal and nonfatal injuries in
frontal and near-frontal crashes by severity of
the crash, while controlling for characteristics
known to influence the frequency and severity
of injuries, such as age and sex of the dri-
ver,17,40–43 vehicle size and mass,44,45 and safety
belt use.46–48

Methods

Outcome Measures

The effectiveness of air bags in reduc-
ing injury severity was evaluated with the Ab-
breviated Injury Scale, the Injury Severity
Score, the Functional Capacity Index, and
survival.

The Abbreviated Injury Scale is a
consensus-derived, anatomically based system
that classifies each injury on an ordinal scale
that ranges from 1 (minor injury) to 6 (virtu-
ally unsurvivable).49 The most severe injury
sustained by an occupant is referred to as the
maximum Abbreviated Injury Scale score.
Drivers who died were assigned a maximum
Abbreviated Injury Scale score of 6, and those
with no injuries were assigned a maximum Ab-
breviated Injury Scale score of 0.

The Injury Severity Score constitutes the
most common method of computing overall
severity when a patient has multiple injuries. It
is defined as the sum of the squares of the high-
est Abbreviated Injury Scale scores in 3 dif-
ferent body regions (or is assigned the value
of 75 if at least 1 Abbreviated Injury Scale
score of 6 is reported).50 Thus, the Injury Sever-
ity Score is an ordinal scale that ranges from 0
to 75, although it is often treated by data ana-
lysts as a continuous scale.

The Functional Capacity Index is the first
preference-based multiattribute score system
that reflects the predicted extent of functional
limitation 1 year postinjury.51 Each injury has
its own Functional Capacity Index. The Func-
tional Capacity Index is a continuous score that
ranges from 0 (no limitation) to 100 (maxi-
mum limitation). For our analyses, patients
with no injuries were coded as having a Func-
tional Capacity Index of 0, fatalities were coded
as a Functional Capacity Index of 100, and the
remaining patients were classified by the func-
tional limitation of the injury leading to the
maximum (i.e., worst) functional limitation.

The scores from these severity measures
generated the outcome (or dependent) vari-
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TABLE 2—Multivariate Regression Models—Adjusteda Air Bag Deployment–Related Coefficients, Variances, and
Covariances in Frontal and Near-Frontal Crashes With Known Longitudinal Delta V (n=4697): National Automotive
Sampling System Crashworthiness Data System Calendar Years 1993–1996, Passenger Cars of Model Years
1986–1997

Coefficients Variances Covariances

Logistic Fatality −0.54 NA NA 0.051 . . . . . . . . . . . . . . .
Ordinal 3-level MAIS 0.56 −0.47 −0.01 0.022 0.017 0.00003 −0.0069 −0.0006 −0.00005

7-level MAIS 0.58 −0.44 −0.01 0.027 0.020 0.00003 −0.0089 −0.0007 −0.00005
Linear ISS 2.83 −2.29 −0.10 1.220 0.955 0.0014 −0.423 −0.032 −0.0023

MFCI 5.32 −4.18 −0.13 2.875 2.251 0.0032 −0.996 −0.075 −0.0055

Note. Three-level Maximum Abbreviated Injury Scale (MAIS) categorizes injuries into “none” (MAIS=0), “minor” (MAIS=1–3), and “severe”
(MAIS=4–6); 7-level MAIS uses the entire Abbreviated Injury Scale (AIS) for severity categorization (i.e., 0, 1, 2, 3, 4, 5, and 6). ISS=Injury
Severity Score; MFCI=Maximum Functional Capacity Index. Injuries selected for analyses include up to 14 injuries with the highest AIS
reported from autopsy, hospital, emergency room, and medical records. Fatalities were considered as MAIS=6, ISS=75, and MFCI=100
(excludes drivers who died of causes unrelated to the crash). Drivers with no injuries were considered as MAIS=0, ISS=0, and MFCI=0.
NA=not applicable (i.e., the term did not reach statistical significance).

aControlling for longitudinal Delta V, safety belt use, age, and sex of driver.
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Regression
Technique

Outcome
Variable

ables: a dichotomous variable indicating
whether the driver died (i.e., maximum Ab-
breviated Injury Scale score of 6), 2 ordinal
variables indicating the maximum Abbreviated
Injury Scale level of the driver, and 2 continu-
ous variables with the Injury Severity Score
and the maximum Functional Capacity Index.
The 2 maximum Abbreviated Injury Scale–re-
lated ordinal variables were a 3-level maxi-
mum Abbreviated Injury Scale that categorized
the drivers’ injuries into “none” (Maximum
Abbreviated Injury Scale score of 0); “minor”
(maximum Abbreviated Injury Scale score of
1, 2, or 3); and “severe” (Maximum Abbrevi-
ated Injury Scale score of 4 or 6) and a 7-level
maximum Abbreviated Injury Scale (i.e., 0, 1,
2, 3, 4, 5, and 6). The use of these ordinal vari-
ables allowed for a more comprehensive eval-
uation of the air bag effect on each injury sever-
ity level.

Data

The National Automotive Sampling Sys-
tem Crashworthiness Data System (NASS
CDS), formerly the National Accident Sam-
pling System, for calendar years 1993 through
1996 was used. The NASS CDS is a stratified
sample of police-reported crashes involving
passenger vehicles in which at least 1 of the
vehicles is towed away from the scene because
of damage from the crash. Trained crash in-
vestigators complete an extensive question-

naire of data elements that describe the crash,
the vehicles, the occupants, and their injuries.
About 5000 crashes are investigated per year.

Inclusion criteria for this analysis entailed
being the operator of a passenger car of model
years 1986 through 1997 in a frontal or near-
frontal crash during 1993 through 1996 for
which the severity of the crash was known. For
each driver, we analyzed injuries reported in
the autopsy, the hospital, the emergency room,
or the medical records. Some drivers were not
injured, whereas others had 1 or more injuries.
For each driver, we included up to 14 injuries
with the highest Abbreviated Injury Scale
scores (these 14 injuries accounted for 97% of
all reported injuries and included the most se-
vere ones). Drivers who died because of causes
not related to the crash were not included.

The analyzed NASS CDS data included
driver characteristics (age, sex, and height),
crash consequences (number, type, and sever-
ity of the injuries), crash circumstances (sever-
ity of the crash, direction of crash, air bag de-
ployment, safety belt use), and vehicle
characteristics (air bag presence, wheelbase,
curb weight, and the Vehicle Identification
Number [VIN]).The severity of the crash was
defined on the basis of the longitudinal com-
ponent of the maximum velocity change in-
curred by the vehicle during the crash (the so-
called longitudinal DeltaV—herein, DeltaV).
Crash investigators calculate the Delta V with
a computerized algorithm that is solely based

on vehicle deformation as measured in the post-
crash investigation. The vehicle identification
number was decoded withVINDICATOR52 to
corroborate the information about air bag pres-
ence and restraint systems.Vehicles were char-
acterized as equipped with a frontal driver-side
air bag when either theVIN or the NASS CDS
data indicated so. Crashes were classified as
frontal or near-frontal if the direction of force
of the primary or secondary impacts was within
the 10:00 to 2:00 range.17,31 A computerized
mapping algorithm (M. Waltz, MS, National
Center for Statistics and Analysis, National
Highway Traffic Safety Administration, writ-
ten communication, November 1997) was used
to assign Functional Capacity Index scores to
the injuries sustained by the drivers. Stata53 and
Microsoft Excel54 were used for data manage-
ment and statistical analysis.

Analyses

We conducted a descriptive analysis of
driver demographics, injuries, vehicles, and
crash characteristics. Univariate and multi-
variate regression techniques were then used
to evaluate (1) the effect of air bag deployment
on injury frequency and severity; (2) the asso-
ciation between injury severity and several per-
sonal, vehicle, and crash characteristics; and
(3) the possible confounding and effect mod-
ification between air bag deployment and per-
sonal, vehicle, and crash characteristics.
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Note. Maximum Abbreviated Injury Scale (MAIS) categorizes injuries into “none”
(MAIS=0), “minor” (MAIS=1–3), and “severe” (MAIS=4–6). Fatalities were
considered as MAIS=6 (excludes drivers who died of causes not related to the
crash).

FIGURE 1A—Percentage change (with control for age and seat belt use) in the
probability of female drivers’ (n=2532) sustaining injuries, by
injury severity level (as defined by maximum Abbreviated Injury
Scale) in frontal or near-frontal crashes (with known longitudinal
Delta V): National Automotive Sampling System Crashworthiness
Data System calendar years 1993–1996, passenger cars of model
years 1986–1997.

Independent variables for inclusion in the
multivariate regression were those that had sig-
nificant or quasi-significant coefficients (P<
.25) in the univariate regressions (i.e., driver’s
sex, age, and height; seat belt use; vehicles’
wheelbase; and crash severity) and a dummy
variable indicating whether the air bag de-
ployed. For each dependent variable, models
were built systematically and included 2, 3, or
more independent variables and the interac-
tion terms between air bag deployment and
each of the covariates (e.g., air bag deployment
and crash severity). More complex models
were evaluated with log likelihood ratios55 or
the residuals sum of square test.56 The inde-
pendent variables that retained statistical sig-
nificance (P<.1) in most (if not all) of the re-
gression models (and thus were included in the
final models) were air bag deployment, crash
severity, the driver’s sex and age, and safety
belt use. In the final models, we also included
the 2 terms reflecting the interaction between
air bag deployment and driver’s sex and air bag
deployment and Delta V when these terms
achieved statistical significance (P<.1).

The air bag deployment coefficients in
the final multivariate regression models re-
flected the point estimates of air bag deploy-
ment effectiveness, while controlling for sever-
ity of the crash, age and sex of the driver, and
his or her seat belt use. “Effectiveness” was
defined as a decrease or increase in (1) the
probability of sustaining injuries of different
severity levels (i.e., when evaluating maximum
Abbreviated Injury Scale), (2) the overall sever-
ity of the injuries sustained (i.e., when evalu-
ating Injury Severity Score), and (3) the func-
tional limitations associated with those injuries
(i.e., when evaluating maximum Functional
Capacity Index). Statistically significant in-
teraction coefficients indicate whether the air
bag effectiveness varies across circumstances.
For example, air bags could be more protec-
tive for male than for female drivers or for more
severe than for less severe crashes. In the mod-
els that have a significant interaction term, the
air bag effectiveness estimates must be reported
for the different circumstances that were used
in defining the interaction term.55,57

Results

Of the 13092 drivers in the NASS CDS
from 1993 to 1996 in passenger cars of model
years no earlier than 1986, 6409 (49.0%) had
a known Delta V. A comparison of drivers with
and without known Delta Vs found differences
both in the proportion of cases with missing
data and in the proportion of (near) frontal
crashes. Drivers with unknown Delta Vs were
more likely than drivers with known Delta Vs
to have missing information for variables such

as age, sex, air bag presence, air bag deploy-
ment, seat belt use, vehicle size or mass, and
direction of crash. For those cases with known
direction of crash, frontal crashes were more
common among drivers with known Delta Vs
(86.9%) than among drivers with unknown
Delta Vs (81.5%) (P= .0005). However, no
statistically significant differences were found
regarding the distribution of any other vari-
ables, including the maximum Abbreviated
Injury Scale, Injury Severity Score, and max-
imum Functional Capacity Index (data not
shown).

Of the 6409 drivers with known Delta Vs,
11 died of causes unrelated to the crash, 655
had missing information about the direction of
crash, and 740 were in nonfrontal crashes.
Hence, 5003 drivers met the study’s inclusion
criteria; their personal, vehicle, and crash char-
acteristics are summarized in Table 1.

Among these 5003 drivers, 208 (4.2%)
died as a consequence of the crash. No injuries
were reported for 2023 drivers, including 187
of the drivers who died. Among the drivers
who had at least 1 injury, 518 sustained only
1 injury each, and the other 2441 drivers had
a total of 10055 injuries.

The NASS CDS indicated that 1545 ve-
hicles were equipped with a frontal driver-side

air bag, whereas the decoding of the vehicle
identification number identified 1580 such ve-
hicles. Agreement between the 2 sources oc-
curred in 1424 cases, whereas at least 1 of the
data sources indicated the presence of an air
bag in 1701 cases (34.0%).Air bag deployment
occurred in 1095 cases (21.9% of the total or
64.4% of the air bag–equipped vehicles).

The logistic multivariate regression con-
firmed that air bag deployment was associ-
ated with a statistically significant decrease
in the probability of fatal injuries (odds ratio
[OR]= 0.58, 95% confidence interval [CI]=
0.37, 0.90). This protective effect did not dif-
fer by sex of the driver (Table 2).

In the ordinal and linear multivariate re-
gression models, both the interaction between
air bag deployment and Delta V and the inter-
action between air bag deployment and driver’s
sex were statistically significant (Table 2).Air
bag deployment per se increases the overall in-
jury severity and functional limitations as mea-
sured by the 3- and 7-level Maximum Abbre-
viated Injury Scale, the Injury Severity Score,
and the maximum Functional Capacity Index.
In contrast, the interaction terms have protec-
tive effects. As a consequence, (1) air bag de-
ployment at low DeltaV induces (more severe)
injuries, particularly among female drivers; (2)
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Note. Maximum Abbreviated Injury Scale (MAIS) categorizes injuries into “none”
(MAIS=0), “minor” (MAIS=1–3), and “severe” (MAIS=4–6). Fatalities were
considered as MAIS=6 (excludes drivers who died of causes not related to the
crash).

FIGURE 1B—Percentage change (controlling for age and seat belt use) in the
probability of male drivers’ (n=2466) sustaining injuries, by injury
severity level (as defined by Maximum Abbreviated Injury Scale) in
frontal or near-frontal crashes (with known longitudinal Delta V):
National Automotive Sampling System Crashworthiness Data
System calendar years 1993–1996, passenger cars of model years
1986–1997.

TABLE 3—Severity of Crash Above Which Air Bag Deployment Exerts a Net Protective Effect (Adjusteda Point Estimates and
95% Confidence Intervals [CIs]) in Frontal and Near-Frontal Crashes With Known Longitudinal Delta V (n=4697):
National Automotive Sampling System Crashworthiness Data System Calendar Years 1993–1996, Passenger Cars
of Model Years 1986–1997

All Drivers Female Drivers Male Drivers

Outcome Variable Point Estimate, km/h 95% CI Point Estimate, km/h 95% CI Point Estimate, km/h 95% CI

3-level MAIS 32.8 0.0, 74.8 52.0 0.0, 127.6 12.9 0.0, 53.9
7-level MAIS 36.5 0.0, 85.6 62.2 0.0, 157.8 9.7 0.0, 53.5
ISS 16.6 0.0, 39.2 27.5 0.0, 65.6 5.2 0.0, 30.2
MFCI 25.3 0.0, 58.2 41.1 0.0, 98.8 8.8 0.0, 41.9

Note. MAIS=Maximum Abbreviated Injury Scale: 3-level MAIS categorizes injuries into “none” (MAIS=0), “minor” (MAIS=1–3), and “severe”
(MAIS=4–6), whereas 7-level MAIS uses each of the Abbreviated Injury Scale levels for severity categorization (i.e., 0, 1, 2, 3, 4, 5, and 6);
ISS=Injury Severity Score; MFCI=maximum Functional Capacity Index. 95% confidence interval truncated at 0 km/h.

aControlling for safety belt use, age, and sex of driver.

at higher Delta Vs, the air bag’s protective ef-
fect becomes large enough to offset its injuri-
ous effect, and the air bag deployment net ef-
fect becomes protective; and (3) the DeltaV at
which the net effect of air bag deployment be-
comes protective differs between female and
male drivers.

Figures 1A and 1B illustrate net air bag ef-
fectiveness at each crash severity level as the
percentage change in the probability that fe-
male and male drivers will sustain no injury

(i.e., Maximum Abbreviated Injury Scale score
of 0) or injuries of different severity (Maxi-
mum Abbreviated Injury Scale score of 1–3 or
4–6), after controlling for age and seat belt use.
For example, the net air bag effect on “severe”
injuries among female drivers ranged from a
10% protective effect in crashes with Delta Vs
around 70 km/h to a 70% increase in crashes
with Delta Vs below 3 km/h. The effect on “se-
vere” injuries among male drivers ranged from
a 35% protective effect in crashes with Delta

Vs around 64 km/h to a 10% increase in
crashes with Delta Vs below 5 km/h. Overall,
the Delta V at which the air bag deployment
changes from injurious to protective occurs at
52.0 km/h for female and 12.9 km/h for male
drivers.

Theeffectofairbagdeploymentevaluated
with the 7-level MaximumAbbreviated Injury
Scale, Injury Severity Score, and Functional
Capacity Index as the outcome measures pro-
duced results consistent with the findings just
described,although thepreciseDeltaVatwhich
air bag deployment became protective varied
depending on the outcome measure evaluated
(Table 3).The lowest crossover points occurred
when Injury Severity Score was the analyzed
outcome.Airbagdeploymentamongmaledriv-
ers had a net protective effect in crashes with
DeltaVs at or above 5.2 km/h, whereas the pro-
tective effects for female drivers occurred only
in more severe crashes (at or above 27.5 km/h).

All other covariates included in the final
multivariate regression models had statistically
significant effects in the anticipated directions
(e.g., more severe injuries were associated with
higher Delta Vs, older drivers, and no seat belt
use) (data not shown).

Discussion

The results show that crashes with low
DeltaV result in an overall injurious effect of air
bags largely caused by an increase in injuries of
female drivers.The air bag’s detrimental effect
is offset in crashes at higher DeltaVs, when air
bags become protective and prevent all drivers
from having more severe injuries (e.g., Maxi-
mum Abbreviated Injury Scale score of 4 or
higher), from having injuries associated with
more functional limitations, and from dying.

Among female drivers, air bag deploy-
ment in low-severity crashes increases the prob-
ability of “minor” injury (i.e., Maximum Ab-
breviated Injury Scale score of 1, 2, or 3), the
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overall injury severity (as indicated by the In-
jury Severity Score), and the functional limi-
tations (as indicated by the maximum Func-
tional Capacity Index score).

The strength of these findings resides
in the breadth of dependent variables evalu-
ated, which includes minor injuries. Previous
researchers predominantly evaluated fatality
reduction effectiveness or the effectiveness in
reducing the most serious nonfatal injuries
(e.g., Maximum Abbreviated Injury Scale
score of 3 or higher).17,18,31,58,59 The estimates
are consistent with those presented in the tech-
nical literature, including the often reported
19% fatality reduction estimate,17 which is
within the 95% confidence interval of the fa-
tality reduction estimate reported here.

This analysis offers new data on the dif-
ferential effect of air bags across the severity of
crashes. The statistical significance of the in-
teraction terms between air bag deployment
and Delta Vs confirms the hypothesis that air
bags (in vehicles of model year 1997 or older)
deploy in low-severity crashes in which the risk
of incurring any injuries is actually exacerbated
by the deployment of the bag.22,60 These in-
duced injuries (more frequently, Maximum
Abbreviated Injury Scale score of 1, 2, or 3) are
disproportionately borne by female drivers, al-
though male drivers are also at higher risk for
injuries. The Delta Vs above which air bag de-
ployment is beneficial are higher than the de-
ployment levels reported by most manufac-
turers (much higher in the case of female
drivers). The confidence estimates around the
Delta Vs above which air bag deployment has
a net protective effect are very large because of
the limited sample size of real-world crashes
available for analysis. It is unlikely that analy-
sis of future years of NASS CDS data will per-
mit greater precision in these switch points be-
cause of the current changes in air bag design.

Our analyses had some peculiarities that
are worth noting. Research conducted to date
has evaluated the effectiveness of air bag pres-
ence (regardless of actual deployment), instead
of the effectiveness of air bag deploy-
ment.17–23,31 In our data, 606 additional drivers
had an air bag that did not deploy during the
crash. To evaluate the robustness of our find-
ings, we ran the final regression models with
air bag presence instead of air bag deployment
as the variable of interest. The resulting effec-
tiveness estimates were comparable (i.e., had
the same direction and similar magnitude) to
those reported here, although the statistical sig-
nificance of some estimates was lost.

Despite the relevance of our findings, one
should exercise caution when interpreting them
for several reasons. First, the findings describe
the aggregate effects of air bags available in
all makes, models, and years included in the
data set. Obviously, air bag systems have design

and performance differences, which may
change the effectiveness of any particular sys-
tem. Furthermore, the recent federal regula-
tion allowing for depowering of the air bags
(i.e., reducing the speed and/or volume of in-
flation) may change the effectiveness of the
system.37 Two factors prevent us from per-
forming a more refined analysis of specific air
bag systems: (1) specific air bag design pa-
rameters across models and years are propri-
etary information not available to researchers,
and (2) even if this information became avail-
able, the NASS CDS may not have enough
cases to allow statistically significant findings
in analyses by air bag design.

Second, our air bag effectiveness estimates
were based on crashes for which the Delta Vs
of the crashed passenger car were known. The
NASS CDS data set has about half as many
crashes without such information. This limits
the external validity of the findings. Delta Vs
are most often missing because the algorithm
used by crash investigators in their computation
cannot be used when the crash involves a
rollover, other nonhorizontal forces, sideswipe,
severe override, and overlapping damage or
when data about the crash or vehicle are in-
sufficient.61 In fact, direction of impact was
the only statistically significant difference be-
tween drivers with known and unknown Delta
Vs in our sample.

Finally, the NASS CDS data are subject to
some measurement error, particularly regard-
ing the severity of the crash.The validity of the
estimates forDeltaVvalues lower than40km/h
is questionable, because the algorithm is cali-
brated at approximately 48 km/h (M. Finkel-
stein,MA,oralcommunication, June1998),and
it tends tounderestimate theactual impactspeed,
especially in nonfrontal crashes.62,63 However
imperfect this measure might be, it is the only
proxy for crash severity that is available for this
type of analysis. Although the exact degree of
errorpresent in theNASSCDSdata isunknown,
qualitative evaluations included in the NASS
CDS data set indicate that for 75% of the 5003
crashes, thecomputedDeltaVs fit thecrashde-
scription. In 17%, the Delta Vs appear reason-
able, and in8%, theDeltaVsappearhighor low
(4% of each).The effect of these measurement
errors on our findings is difficult to evaluate,
but our estimates of DeltaVs at which air bags
becomeprotectiveareprobablyunderestimates
of the actual DeltaVs at which this happens.

In conclusion, our results showed that in
frontal or near-frontal crashes, air bag deploy-
ment is effective in reducing the most severe
and fatal injuries, whereas in low-severity
crashes, air bag deployment induces injuries
of Maximum Abbreviated Injury Scale level 1
to 3 (predominantly among females). Raising
the crash severity level at which air bags are
designed to deploy should be considered an in-

jury prevention strategy in conjunction with
other changes in air bag design. However, one
should be cautious in interpreting this recom-
mendation. With imperfect sensor technology,
raising the air bag deployment threshold means
that (in some crashes) it will take longer for
the air bag system to recognize that a crash is
severe enough to justify air bag deployment.
This may be a particular problem in off-frontal
crashes, when the sensors might take longer to
acknowledge the existence of a crash because
of their positioning.64,65 Late deployment may
injure drivers who have moved forward into
the air bag’s deployment zone. Use of crush-
zone sensors and/or more advanced sensor
technology may help alleviate this problem.
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