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ABSTRACT 

Accident statistics in Germany have shown that in the last decade fatalities due to road accidents 

have dropped by more than 30%. This reduction was influenced in particular by the decrease in pas-

senger car fatalities (more than 35%), although the number of vehicles and the total annual mileage in-

creased during the same period. This trend therefore results from an improvement in secondary safety, 

in particular by equipping cars with airbags in addition to the presence of seat belts. 

In collaboration with the ADAC (German Automobile Club), the Institute for Vehicle Safety (IFM) 

conducted a retrospective study of airbag accident material. Engineers and medical doctors analyzed 

almost 700 topical cases (92% since 1997) involving airbag-equipped cars.  

This research confirmed the great safety benefit of front airbags, not only for the driver but for the 

front seat passenger for the first time as well. In severe frontal collisions the proportion of severe and 

fatal injuries, both to driver and front passenger, is about 20% lower than without airbags. 

In frontal collisions belted and airbag-protected occupants suffered injuries (AIS 2+) to the thorax 

region and lower extremities in the majority of cases. Injuries to the head and upper extremities came 

in third place. The injury pattern demonstrated that optimizing the interaction between belt/airbag re-

garding the restraint of pelvis and chest could reduce severe injuries. Attention must be paid in 

particular to the aggressive impact of the knee against the dashboard. 

Initial experience with side head and thorax airbags indicated a considerable improvement in pro-

tection. Due to the small number of cases in the study, the results cannot be considered to be statisti-

cally significant. The positive results from these cases should be confirmed by enlarging the number of 

cases with side airbags. 

The accident material includes 564 vehicles involving at least one deployed airbag. In some cases 

there was a certain aggressivity associated with the airbag, e.g. 57 cases involving acoustic trauma, in 

most cases temporary, and 40 cases involving minor burns.  
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ACCIDENT STATISTICS IN GERMANY  

A look at the accident situation on Germany's roads from 1991 to 2000 (Table 1) reveals quite an 

encouraging development. There is a positive trend to be observed, for instance, in accident preven-

tion. Although the number of police-reported accidents remained virtually constant, at least when one 

first looks at it, the relative frequency of accidents fell by 6.3%, although the number of kilometers 

driven actually increased by 8.6% during the same period. 

 

Year 
Total Number of  

Police-Reported Accidents 

Kilometers 

Driven 

[109km] 

Police-Reported Accidents 

per 109 km  

1991 2,311,466 574.1 4026.2 

1992 2,384,579 590.0 4041.7 

1993 2,345,396 597.5 3925.3 

1994 2,270,810 592.3 3833.9 

1995 2,238,301 603.9 3706.4 

1996 2,269,570 610.4 3718.2 

1997 2,232,379 618.5 3609.3 

1998 2,257,649 625.9 3607.0 

1999 2,413,473 639.3 3775.2 

2000 2,350,227 623,3 3770,6 

 +1.7 +8.6 

 

-6.3 

Table 1: Accident statistics in Germany: 

Total kilometers driven and accidents per 10
9
 km (Source StBA, 2001) 

If one concentrates one's attention on the involvement of cars in accidents with personal injury 

(Table 2), a decline of 5.2% based on the total kilometers driven in cars will be observe. The reason 

for this decline is both the improved active safety in vehicles as well as the safety-optimized design of 

traffic space inside and outside city limits, the education of road users on wheels and on foot, and the 

improvement in rescue services. 

 
Car Accident Prevention Passive Safety 

Cars Involved in Accidents  

with Personal Injury 
Per 1000 Cars Involved 

Year 

Kilometers 

Driven 

(cars)  

[109km] 
Total per 109 km 

Severely  

Injured 
Fatalities 

Severely  

Injured 
Fatalities 

1991 496.4 510,357 1028.1 70,907 6,801 138.9 13.3 

1992 510.0 526,322 1032.0 71,066 6,431 135.0 12.2 

1993 517.8 518,333 1001.0 70,467 6,128 135.9 11.8 

1994 507.5 525,445 1035.4 69,553 5,966 132.4 11.4 

1995 514.9 519,367 1008.7 67,677 5,929 130.3 11.4 

1996 519.4 501,047 964.7 64,785 5,622 129.3 11.2 

1997 524.8 503,077 958.6 61,202 5,249 121.7 10.4 

1998 528.0 503,402 953.4 58,094 4,741 115.4 9.4 

1999 534.4 520,507 974.0 56,244 4,640 108.1 8.9 

2000 516.7 503,567 974.6 52,759 4,396 104.8 8.7 

 +4.1% -1.3% -5.2% -25.6% -35.4% -24.6% -34.5% 

Table 2 : Car accident statistics in Germany (Source StBA, 2001) 

Passive safety, in particular, has improved dramatically since 1991. Table 2 shows that the number 

of severely injured persons per car in accidents involving personal injury has dropped almost 25%. 

The number of fatalities per car in accidents involving personal injury is even more impressive. The 

drop in this case amounts to almost 35%. 

One major contribution to this enhancement of passive safety was the consistent provision of air-

bags in vehicles. The case illustrated in Fig. 1 is a textbook example of the great safety benefit offered 

by a "belt + airbag" system. 



Whereas "SRS" (Supplement Restraint System) technology was still reserved for luxury perform-

ance cars in the 1980s, it is hard to imagine any class of car without the airbag as standard equipment 

nowadays. Currently, for instance, 96% of all new vehicles (cars) have a driver airbag as standard 

equipment, 93% have a front passenger airbag and 75% are even equipped with side airbags (Source: 

ADAC database; 2001). 

Assuming the belt usage rate remains the same, such a positive trend in passive safety can also be 

expected in the future from airbag technology alone, since nowadays only about 65% of all cars now 

in road traffic are equipped with front airbags. By the year 2015, forecasts indicate that all cars will be 

equipped with front airbags (Source: Deutsche Automobil Treuhand GmbH). Moreover, additional 

airbag modules for the foot and knee area as well as airbags as rollover protection are already in de-

velopment. 

 

 

 

CASE 184 

- frontal crash against a tree; 

- both front airbags deployed  

 

DAMAGE 

- front section, crossmember, side members, axles se-

verely damaged 

- engine displaced rearwardly 

- crossmember buckled 

- both side members bent inwardly 

 

DRIVER 

- restrained by a seat belt 

- size: 178 cm; 

- weight: 83 kg 

 

INJURIES: MAIS 1 

- contusion of the thorax  

- contusion of the wrist 

Fig. 1: Example of the great safety benefit afforded by an airbag. 

THE GDV/ADAC AIRBAG DATABASE 

Since airbag technology did not gain acceptance in newly registered vehicles until the 1990's, as 

mentioned above, the percentage of accidents involving airbag-equipped vehicles is very low in large-

scale databases during this period. For this reason, the Munich Institute for Vehicle Safety (IFM) in 

collaboration with the ADAC (German Automobile Club) created a new airbag database and filled it 

with topical data material to study the effectivity of airbag protection and to identify what limits they 

have, what differences in injury patterns result compared to earlier material and where "side-effects" 

might occur. 

The 17.47 million readers (www.Stimme.de, 2002) of the journal "motorwelt" (the official ADAC 

monthly club magazine) were called upon to report any accidents involving airbag-equipped vehicles 

and in particular any occurrences associated with airbags. The reports received were analyzed with the 

help of an in-depth questionnaire. Those 606 reported cases, whose informative contents were of inter-

est for the "airbag" topic, then underwent technical and medical analysis by engineers and medical 

doctors of the Institute for Vehicle Safety to guarantee an unbiased data-material. Therefore, this in-

formation was supplemented and objectivized by facts gathered from the insurance claims files from 

German car insurers, containing police reports, analysis of car damages and injury expertise from the 

responsible physicians.  It was possible to supplement the data by including an additional 86 cases in-

volving airbag deployment from a current GDV data pool so that the database contained a total of 692 

cases which will be described in more detail in the chapter below. 



DESCRIPTION OF THE DATA MATERIAL 

Time of Accident – If the time of the accident is taken into consideration (Table 3), it becomes 

clear that this data material is relatively recent, since 91.7% of all cases occurred between 1997 and 

2000; only 8.3% of the airbag-equipped vehicles were involved in accidents prior to 1997. 

 

Year of Accident Number % 

1993 1 0.2 

1994 4 1.0 

1995 9 2.2 

1996 20 4.9 

1997 44 10.8 

1998 113 27.7 

1999 149 36.5 

2000 68 16.7 

Total 408 100 

unclear 284  

Table 3: Time of accident 

Other Party Number % 

Car 288 56.9 

Truck, station wagon 49 9.7 

Pick-up truck, minivan etc. 17 3.4 

Various vehicles 10 2.0 

Tree etc. 60 11.9 

Wall etc. 20 4.0 

Guard rail 21 4.2 

Embankment, ditch, etc. 21 4.2 

Traffic sign 5 0.9 

Various objects 9 1.7 

Animals 6 1.1 

Total 506 100 

unclear 186  

Table 4: Other parties  

Other Parties – Table 4 shows the other parties involved in accidents with airbag-equipped vehi-

cles. The airbag-equipped vehicles collided with a car in 56.9% of all cases, with a truck or bus or 

other vehicles (pick-up trucks, minivans, caravans ...) in 76 cases (15.1%). The collision occurred with 

a stationary obstacle (tree, wall) in 15.9% and with a guard rail in 4.2% of all cases. There was no di-

rect collision in 21 cases. The airbag-equipped vehicle left the road and landed in a ditch, along an 

embankment or in a field. Traffic signs, various objects (car tires, lost cargo, etc.) as well as animals 

on the road were involved in 3.7% of all cases. 

Vehicle Manufacturers –  The manufacturers of airbag-equipped vehicles are listed in alphabetical 

order in Table 5. Almost all manufacturers on the European market are represented by vehicles in the 

database, even manufacturers with a small market share such as Daihatsu, Isuzu, Jaguar or Saab. 

 
Manufacturer Number  Manufacturer Number 

Alfa Romeo 1  Mazda 19 

Audi 44  Mitsubishi 10 

Austin Rover 4  Nissan 12 

BMW 61  Opel 106 

Citroen 9   Peugeot 11 

Daewoo 3  Porsche 11 

Daihatsu 1  Renault 45 

DaimlerChrysler 62  Saab 2 

Fiat 25  Seat 11 

Ford 62  Skoda 5 

Subaru 3  Suzuki 3 

Honda 10  Toyota 6 

Hyundai 3  VW 142 

Isuzu 1  Volvo 24 

Jaguar 1  Other manufacturers 1 

Lancia 3  Total 691 

   unclear 1 

Table 5: Vehicle manufacturers 



Year of Manufacture – Since the database focuses only on vehicles equipped with airbags, the ma-

jority of the vehicles are relatively new (Table 6). 93.9% of all vehicles were manufactured between 

1994 and 2000. The percentage of old cars was correspondingly small – there were only six vehicles 

from the 1980's in the database, for example. 

 
Year of manufacture Number % 

before 1990 6 0.9 

1990 - - 

1991 2 0.3 

1992 7 1.0 

1993 27 3.9 

1994 59 8.6 

1995 89 13.0 

1996 135 19.7 

1997 122 17.8 

1998 140 20.4 

1999 87 12.7 

2000 12 1.7 

Total 686 100 

unclear 6  

Table 6: Year of manufacture 

 

 

 

 

Airbag equipment Number % 

Front driver airbag 692 100.0 

Front passenger airbag 559 80.8 

Side/head airbag 94 13.6 

Rear compartment airbag 1 0.1 

Table 7: Airbag equipment 

 

Airbag Equipment – All 692 vehicles were equipped with a front driver airbag, 559 vehicles 

(80.8%) also had an airbag for the front seat occupant (Table 7). There were side/head airbags in 

13.6% of all vehicles. Information was given in 19 cases that the vehicle had a head airbag in addition 

to the thorax airbag. There was only one single car that was equipped with side/head airbags in the 

rear compartment. 

EVALUATION OF THE DATA MATERIAL 

Whereas the airbag according to FMVSS 208 is stipulated for the US market as a sole passive re-

straint system, i.e. without active safety by the passenger himself (Kramer, 1998), the seat belt laws in 

Europe (making it compulsory to wear seat belts in motor vehicles) led engineers to design the airbag 

as part of an airbag/seat belt combination right from the beginning. As a result, deployment time and 

inflation characteristics have been designed especially for belted passengers. The evaluation of the air-

bag database thus focuses exclusively on passengers wearing seat belts. Fortunately, the repeatedly 

voiced fear that passengers in airbag-equipped vehicles are less likely to wear seat belts has proved un-

founded. The data material reveals that almost 97% of all front seat and rear seat passengers were 

wearing seat belts. 

INJURIES TO THE RESTRAINED DRIVER IN FRONTAL COLLISIONS WITH FRONT AIR-

BAG DEPLOYMENT 

Maximum Severity of Injury – Medical doctors made a quantitative evaluation of the severity of in-

jury on the basis of the Abbreviated Injury Scale AIS (AAAM, 1990) using injury or autopsy reports 

collected from the individual insurance claim file. According to defined body regions (head, face, cer-

vical spine/neck, thorax, abdomen and pelvis, pelvic bones, vertebral column, extremities and body 

surface (skin)), every individual injury was assigned a degree of severity from 1 to 6 depending on the 

degree of threat to life. Since the accident material also included polytraumatized passengers, i.e. per-

sons who had suffered more than one injury, the total severity of injury was evaluated based on the 

degree of the severest single injury as the MAIS (maximal AIS). 

Table 8 shows the maximum severity of injury sustained by the restrained driver during airbag de-

ployment (N = 288). In more than 70% of all accidents, the driver suffered maximum AIS 1 injuries. 

Severe to fatal injuries (MAIS 3+) were found in only 9.4% of the cases. 

 



Maximum Severity 

of Injury 
Number % 

MAIS 0 35 12.2 

MAIS 1 171 59.4 

MAIS 2 55 19.1 

MAIS 3 18 6.3 

MAIS 4 8 2.8 

MAIS 5 1 0.3 

MAIS 6 0 - 

Total 288 100 

Table 8: Maximum severity of injury (MAIS) of a restrained driver; 

front airbag deployed; frontal collisions 

Airbag Safety Benefit for the Driver in Severe Frontal Collisions – In order to be able to determine 

the safety benefit of a passive safety system as well as its limitations, one must first define a correla-

tion between the severity of injury and the severity of the accident. Accident research offers the fol-

lowing parameters for describing accident severity (Löhle, 1996): 

• Change in velocity ∆v of the vehicle: the difference between the impact velocity and the coast-

ing velocity of the vehicle 

• The kinetic energy converted into the deformation energy of the vehicle during the collision is 

determined with the help of the Energy Equivalent Speed (EES). According to 

ISO/DIS 12353-1 (ISO/DIS, 1995) the deformation energy is defined as WDEF = ½ * m * EES
2
, 

where „m“ is the effective mass of the vehicle at impact. 

To determine both of these parameters, it is necessary for experts to reconstruct in detail all events 

leading up to the accident based on information gathered at the scene of the accident. In many cases, 

this proves to be extremely time-consuming and costly and can only be implemented afterwards in a 

very complicated way in a large-scale investigation relying in particular on the accident claims files 

from insurance companies and the police. In evaluating accident severity, a classification scheme 

based on the degree of damage (DoD) in five stages can serve as a rough standard. The degree of dam-

age can be determined fairly easily based on a photograph of the damage (Fig. 2). 

 

 

    

DoD 2: slight damage DoD 3: moderate damage DoD 4: severe damage DoD 5: extreme damage 

Fig. 2: Degrees of damage (DoD) for frontal collisions (examples) 

based on a definition by the Institute for Vehicle Safety (IFM). 

Fig. 3 is a graph which compares the frequency of MAIS 3+ severity of injury for drivers wearing 

only a seat belt (FS 90 material: HUK-Verband, 1994) and for drivers restrained both by a seat belt 

and front airbag. Only accidents with a relatively severe degree of damage (DoD 3 and DoD 4) were 

taken into consideration. Minor collisions (DoD 1 and DoD 2) were excluded, since the airbag cannot 

prove its safety benefit at such a low degree of damage; the seat belt alone is normally sufficient in 

such cases. In addition at these degrees of damage the evidence of the announcement “seat belt use” 

was confirmed both from police reports and from the corresponding injury patterns. Similarly, "catas-

trophic cases" (DoD 5) were excluded as well, since such an extremely high degree of damage se-

verely compresses the passenger compartment, thus limiting the safety benefit of the airbag. 



9,4%

11,9%

FS 90 Airbag data

- 21%

N = 1793 N = 235

Seat belt
only Seat belt

+& airbag

 
Fig. 3: Frequency of severe injury MAIS 3+; DoD 3+4; 

Frontal collisions; drivers restrained 

 

One must take into consideration in this context the fact that modern airbag-equipped vehicles are 

at a disadvantage in comparisons based on DoD. The actual optimization of passenger protection due 

to the airbag alone is probably much higher than the 21% shown in Fig. 3. Modern vehicles designed 

for sophisticated crash tests such as the EuroNCAP have considerably stiffer front structures and must 

therefore be subjected to much higher crash severity to exhibit the same degree of damage as vehicles 

from the FS 90 study. The comparison in Fig. 3 thus tends to disfavor airbag-equipped vehicles. Nev-

ertheless, when it comes to severe or even fatal injuries, there is a distinct safety enhancement for the 

driver who is protected by a seat belt and front airbag. 

 

Individual Injuries of Airbag-Protected Drivers in Frontal Collisions –Table 9 shows the frequency 

and severity of injuries to the individual body parts for the 288 drivers in Table 8. AIS 2+ injuries to 

the thorax amounted to 13.9% and were thus the most frequent injuries in the frontal collisions exam-

ined, followed by leg injuries (12.9%) and then head and arm injuries (7.6% each).  

 

Individual Injuries to 288 Drivers (100%) 

 AIS 1 AIS 2 AIS 3 AIS 4 AIS 5 AIS 6 MAIS2+ 

 No. % No. % No. % No. % No. % - - No. % 

Head 12 4.2 20 6.9 1 0.3 1 0.3 - - - - 22 7.6 

Cervical spine/neck 107 37.2 2 0.6 2 0.6 - - - - - - 4 1.4 

Face 78 27.1 - - - - - - - - - - - - 

Thorax 84 29.2 21 7.3 14 4.9 4 1.4 1 0.3 - - 40 13.9 

Abdomen 13 4.5 8 2.8 2 0.6 3 1.0   - - 13 4.5 

Internal pelvis - - 1 0.3 - - - - - - - - 1 0.3 

Upper arm 33 11.5 10 3.5 - - -  - - - - 10 3.5 

Forearm/elbow 33 11.5 7 2.4 - - - - - - - - 7 2.4 

Hand 43 14.9 5 1.7 - - - - - - - - 5 1.7 

Pelvic bones 8 2.8 4 1.4 - - - - - - - - 4 1.4 

Thigh 17 5.9 - - 6 2.1 - - - - - - 6 2.1 

Lower leg/knee 48 16.7 16 5.6 - - - - - - - - 16 5.6 

Foot 19 6.6 15 5.2 - - - - - - - - 15 5.2 

External 39 13.5 - - 1 0.3 - - - - - - 1 0.3 

Table 9 Distribution of 678 individual injuries among 288 drivers, 

 in front collisions based on AIS severity 

The displacement of severity of injury due to the airbag – i.e. a substantial reduction in the fre-

quency of serious head injuries compared to drivers wearing only a seat belt – already established in 

earlier studies (Langwieder, 1997) – is found in the present accident material as well. 

The relatively high number of thorax injuries still continues to be unsatisfactory and unacceptable. 

Fractures of the lower extremities were found in a total of 37 cases. This indicates that there is still 

a need for optimization as far as the foot/leg are concerned. According to the international AIS scale, 

for example, an ankle fracture is classified "only" as a moderate injury (AIS 2), although the follow-up 

costs of such an injury can amount to almost 50.000€ owing to the consequences that frequently ensue 

(GDV, 1998/BWG, 1998). 



Injury Patterns of Restrained Drivers Protected by Airbags – In every case in which the airbag-

protected driver suffered serious injuries (MAIS 3+), Table 10 lists the individual injuries that deter-

mined the maximum severity of injury. In the case of frontal collisions, this table lists only that degree 

of damage in which the safety benefit of the airbag is relevant (DoD 3+4). This means that very minor 

accidents (DoD 2) and catastrophic cases (DoD 5) have been excluded. 

Of a total of 13 drivers who had sustained MAIS 3, the maximum severity of injury, only a single 

driver suffered an AIS 3 injury to the head. This head injury did not occur until a secondary collision 

which was outside the time window in which the front airbag provided any safety benefit. All other in-

juries that had a MAIS 3 value occurred in other regions of the body. The MAIS 3 value was by far 

most frequently determined by AIS 3 injuries to the thorax region and only in individual cases by inju-

ries to the cervical spine/neck (2 cases), abdomen (1 case) and thigh (4 cases). 

Even in the critical injuries (MAIS 4/5), thoracic and abdominal injuries determined the MAIS in 7 

of 9 cases. It would appear that the injuries here were caused by the 3-point seat belt which, favored 

by conventional stiff vehicle structures, transmits the high deceleration loads to the passengers. The 

"airbag + 3-point seat belt" system still needs to be optimized in this respect. Belt tighteners and belt 

force limiters in particular should be individually adapted to the biometric data (size, weight) and seat 

position of the respective passenger – certainly not an easy task in view of the number of influencing 

factors (seat position to the steering wheel, seat angle adjustment, ... ). 

 
Case No. 205 051‘ 572 049‘ 210 461 080 394 189 176 129 073 524 208 487 226‘ 096‘ 026 077 522 180 106‘ 

MAIS 3 4 5 

Body Region AIS values 

Head 3* 2     1      2 4  2  2 1    

Cervical 

Spine/Neck 
2 3 3    1 1        1       

Face 1 1                     

Thorax 3 3 1 3 3 3 3 3 3 3 3  2  4 4 4!!!! 4 3 2  5** 

Abdomen    1    1 2 1  3 1 2   3  4 4 4  

Internal pelvis              2         

Upper arm   1                 2   

Forearm / el-

bow 
2 1   1        1  2 2   2    

Hand  1   1    2    1  2    1    

Pelvic bones  2            1     2    

Thigh  3    3 1 1 3    3    3   1   

Lower leg / 

knee 
 2     1 1 2      2  2      

Foot  2    2       2 2 2    2  1  

External       1         1  1     

Age 22 30 46 38 76 42 63 29 25 46 36 74 75 32 49 33 69 32 37 37 55 40 

Sex m m f m f f m m m m m m m f m m f f m f m m 

Size 0 *** 168 *** 172 165 182 172 170 187 185 172 184 165 177 *** *** *** 176 167 176 *** 

Weight 67 *** 60 *** 52 53 96 70 61 82 100 84 84 55 95 *** *** *** 84 53 95 *** 

*) AIS 3 head injury in secondary collision.  
**) complete thoracic paralysis 

***) unknown 

Table 10 Injury patterns of drivers protected by airbags; 

DoD 3+4; frontal collision 



INJURIES OF RESTRAINED FRONT SEAT PASSENGER IN FRONTAL ACCIDENTS WITH 

FRONT AIRBAG DEPLOYMENT 

The Distribution of Maximum Severity of Injury of the 110 front seat passengers in which the front 

airbag deployed in a frontal collision is summarized in Table 11. Almost 70% of the front seat passen-

gers remained uninjured or merely suffered minor injuries. MAIS 2+ injuries occurred in 30.8% of all 

cases and only 1.8% suffered life-threatening injuries. The latter occurred in catastrophic accidents or 

in "very unfortunate" circumstances associated with an accident. 

 
Maximum Severity of Injury Number % 

MAIS 0 7 6.4 

MAIS 1 69 62.7 

MAIS 2 27 24.5 

MAIS 3 5 4.5 

MAIS 4 1 0.9 

MAIS 5 1 0.9 

MAIS 6 0 - 

Total 110 100 

Table 11: Maximum severity of injury (MAIS) of restrained front seat passenger;  

front airbag deployed; frontal collision 

Airbag Safety Benefit for Restrained Front Seat Passengers in Severe Frontal Collisions – Fig. 4 

shows the results if the same effectivity comparison is used as for the driver airbag in the previous ex-

ample. The front passenger airbag reduced the MAIS 3+ injuries from 10.6% to 7.6% in severe frontal 

collisions (DoD 3 and 4). This corresponds to an actual reduction of 28.3%. 

 

7,6%

10,6%

FS 90 Airbag data

- 28.3%

N = 686 N = 92

Seat belt
only

Belt +

airbag

 

Fig. 4: Frequency of serious MAIS 3+ injuries; DoD 3+4; 

frontal collision; front seat passengers restrained 

 

Individual Injuries of Restrained Front Seat Passengers Protected by Airbags in Frontal Collisions 

– A study of 241 individual injuries sustained by front seat passengers in frontal collisions revealed 

that the thorax region was clearly predominant here as well. As far as AIS 2+ injuries are concerned, 

thorax injuries were in first place with 12.7%, followed by injuries to the lower extremities (10.9%) 

and injuries to the arms (8.1%). Head injuries amounted to 6.4% and were thus in fourth place. As 

there was no risk of the head impacting against the steering wheel (secondary collision!), front seat 

passengers merely suffered minor to moderate head injuries (AIS 1/2). 

 



Individual Injuries of 100 Front Passengers (100%) 

 AIS 1 AIS 2 AIS 3 AIS 4 AIS 5 AIS 6 MAIS2+ 

 No. % No. % No. %   No. % No. % No. % 

Head 3 2.7 7 6.4 - - - - - - - - 7 6.4 

Cervical spine/neck 30 27.2 - - - - - - 1 0.9 - - 1 0.9 

Face 36 32.7 - - - - - - - - - - - - 

Thorax 47 42.7 10 9.1 3 2.7 1 0.9 - - - - 14 12.7 

Abdomen 10 9.1 4 3.6 1 0.9 - - - - - - 5 4.5 

Internal pelvis - - - - - - - - - - - - -  

Upper arm 7 6.4 4 3.6 - - - - - - - - 4 3.6 

Forearm/elbow 4 3.6 3 2.7 - - - - - - - - 3 2.7 

Hand 19 17.2 2 1.8 - - - - - - - - 2 1.8 

Pelvic bones 5 4.5 - - - - - - - - - - - - 

Thigh 3 2.7 2 1.8 2 1.8 - - - - - - 4 3.6 

Lower leg/knee 12 10.9 1 0.9 - - - - - - - - 1 0.9 

Foot 5 4.5 7 6.4 - - - - - - - - 7 6.4 

External 12 10.9 - - - - - - - - - - - - 

Table 12 Distribution of 241 individual injuries among 110 front seat passengers 

in frontal collisions based on AIS severity 

Distribution Patterns of Front Seat Passengers Protected by Airbags – Table 13 states which indi-

vidual injuries determined the MAIS value of the seriously injured front seat occupant. It is striking 

that injuries in the thorax region are predominant even for front seat passengers. For instance, thorax 

injuries determine 57% of the maximum value for severity of injury (MAIS 3+), and only 14.3% in-

volve injuries to the cervical spine, abdominal region and lower extremities. Consequently, even for 

front seat passengers as well, the risk of injury in frontal collisions should be reduced in particular in 

the thorax region by improved harmonization of the entire "airbag + belt" system. 

 
Case No. 096‘ 487 078‘ 020 182 096 357 

MAIS 3 4 5 
Body region AIS values 

Head        

Cervical spine/neck       5!!!!* 

Face        

Thorax 3 3 3  2 4  

Abdomen  2 1 3    

Internal pelvis        

Upper arm  2    2  

Forearm/elbow  2    2  

Hand 1    1   

Pelvic bones    1    

Thigh     3 3  

Lower leg/knee    1    

Foot  2    2  

External     1   

Age 90 52 88 20 44 69 85 

Sex m f m f m f f 

Size *** 166 *** 164 171 158 168 

Weight *** 65 *** 53 72 62 75 
*) neck fracture 

**) unknown 

Table 13 Injury pattern of front passengers protected by airbags;  

DoD 3+4; frontal collision 



SIDE / HEAD AIRBAG ACCIDENTS 

As Table 7 indicates, 94 vehicles in the airbag database are equipped with side airbags. Deploy-

ment in side collisions occurred in 63 cases. Unfortunately, only 19 cases provided a detailed descrip-

tion of the injuries and indicated accurately on which side of the vehicle the thorax/head airbag de-

ployed. The driver's side was affected in all 19 cases. Table 14 compiles the distribution of the maxi-

mum severity of injury to the driver on the impact side. 

 
Maximum Severity 

of Injury 
Number % 

MAIS 0 7 36.9 

MAIS 1 10 52.6 

MAIS 2 2 10.5 

Total 19 100 

Table 14: Maximum severity of injury (MAIS) of the restrained driver; 

side airbag deployed; side collision 

All in all, the driver remained uninjured in seven cases, suffered minor injuries in ten cases and was 

moderately injured in two cases only. In one of these two latter cases, the car hit a tree near the A-

pillar and the driver was restrained only by a thorax and not by a head airbag. The MAIS 2 value of 

the driver was determined by a brain concussion (AIS 2). 

In the second case, in which the driver was also protected by a thorax airbag only, the vehicle 

crashed against two concrete posts near the driver's door and B-pillar (40 cm intrusion). In addition to 

several AIS 1 injuries, the AIS 2 injuries (brain concussion, broken ribs and contusion of the spleen) 

determined the maximum severity of injury. 

Since there is only a small number of cases, no generally valid conclusions can be drawn about the 

safety benefit afforded by side/head airbags. Previous findings from real accident situation, however, 

can be termed quite positive. 

AIRBAG AGGRESSIVITY 

The airbag database contains a total of 564 vehicles in which at least one airbag deployed. In a few 

cases, the positive effect of the airbag was also accompanied by "side effects", however, which are 

normally tolerable if one considers the much more serious injuries that the airbag prevented. 

Terrible news from the United States reporting that "for every 1000 passengers saved by the airbag, 

57 have been killed by it" (Spiegel/NHTSA, 2001). Such news items must be put into perspective as 

far as Germany is concerned. According to the Insurance Institute for Highway Safety (IIHS) the belt 

use rate in the United States is just 73% (Germany = 95%; source BASt). In case of an accident unre-

strained persons experience the full force of the airbag which may deploy at up to 200 km/h. 

In the accident material used in this study, however, there were only isolated cases of aggressive 

side effects. Aggressive cases are understood in this context to mean those cases in which at least one 

of the following criteria apply with the airbag as the causal factor: 

- burns, 

- impaired hearing, 

- injury caused by the airbag lid, 

- eye injury, and 

- contusions/abrasions close to the release threshold in minor accidents. 

 

Some passengers fulfilled several of the cited criteria so that the frequencies contained in Table 15 

overlap in some cases. 



Types of Airbag Aggressivity Number 

Burns 40 

Temporary 46 
Impaired Hearing 

Permanent 11 

Injury Due to Airbag Lid 2 

Eye Injuries 4 

Contusions / Abrasion 8 

Table 15: Types and frequency of airbag aggressivity.  

The 40 cases of burns that were reported (31 drivers, 9 front seat passengers) were in most cases 

minor 1
st
 degree burns, although 2

nd
 and 3

rd
 degree burns also occurred in isolated instances. 

As far as impaired hearing is concerned, it was striking that these were caused in 16 cases in con-

junction with a malfunction and by deployment in a minor accident. In 9 of the 11 cases (attested by 

sophisticated hearing tests) involving permanently impaired hearing, both front airbags deployed, in 

two cases only the driver's airbag. Deployment of side airbags did not cause any instances of impaired 

hearing.  

Injuries caused by the airbag lid merely occurred in two cases in which passengers suffered injuries 

to their arms and legs in accidents with minor severity. An analysis of both the car damage (almost 

none) and the injuries results in evidence that only the airbag lid could cause these injuries. 

Eye injuries due to the airbag were found in a total of four front seat passengers; it was always the 

driver who was injured. 

If the airbag provides its safety benefit in a serious collision, perhaps even preventing fatal injuries, 

minor AIS 1 injuries such as abrasion and bruises can easily be tolerated. However, if these injuries 

occur at low speeds, i.e. close to the release threshold of the airbag, such side effects are no longer ac-

ceptable. The type of airbag aggressivity described here was found in eight cases in our database mate-

rial. 

SUMMARY AND CONCLUSIONS 

Official statistics show that the introduction of airbag technology in combination with seat belts as 

a restraint system has sustainably improved passenger safety in cars. 

Together with ADAC, the Institute for Vehicle Safety (IFM) set up a current airbag database (92% 

of the cases occurred between 1997 and 2000) in which the great safety benefit of the airbag was veri-

fied not only for the driver but, for the first time ever, for the front seat occupant as well. 

In severe frontal collisions, serious to fatal injuries (MAIS 3+) were 21% lower for the driver and 

even 28% lower for the front seat passenger than in comparable accidents without airbags. 

In the case of restrained drivers involved in frontal accidents with airbag deployment, the most fre-

quent injuries (AIS 2+) were to the thorax region and the lower extremities. Head injuries followed 

with arm injuries in third place. 

The injury patterns lead us to conclude that the frequency of serious injury could be reduced even 

further if the "airbag + belt" system were better optimized with respect to restraint of the pelvis and 

thorax. What is important is in particular to prevent aggressive knee impact against the instrument 

panel and to limit the thorax load by optimally adjusting the airbag and belt force limiter to the re-

strained person. 

Initial experience gathered with side airbags indicates an additional safety benefit. The general va-

lidity of this statement, however, cannot be verified owing to the small number of cases. 

Among the 564 vehicles in which at least one airbag deployed, there were a few isolated cases of 

aggressive side effects. The most frequent of these was impaired hearing in 57 cases (11 of which 

were permanent) and burns in 40 cases. Impaired hearing was found in particular when both front air-

bags deployed. A general noise reduction during airbag inflation, multi-stage airbag deployment, and 

passenger presence detection may help reduce the danger of impaired hearing. 
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