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Summary. In head-on collisions, loose items in the rear of the car, such as 
luggage or unrestrained back seat passengers can cause substantial loading on 
the back of the front seats. The purpose of this paper is to study if such loading 
increases the injury severity for the front seat occupants. Data were collected 
from all fatal automobile accidents for a period of 1 year in Sweden. Informa- 
tion was collected about the survivors as well as the deceased. Head-on colli- 
sions were selected, and the injuries of the front seat occupants were scored 
according to the Abbreviated Injury Scale (AIS) and the Injury Severity Score 
(ISS). In evaluating the injury severity, the collision energy was taken into 
account. The results indicate that belted front seat passengers sustain a higher 
injury risk with an unrestrained passenger in the back seat. These results are 
valid for collision speeds below 45 km/h. 
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Zusammenfassung. Bei Frontalkollisionen k6nnen lose Gegenst~inde auf den 
Rticksitzen von Personenkraftwagen - wie Gep~ick, nicht angegurtete Pas- 
sagiere - zu einer erheblichen Belastung der Rficklehne der Vordersitze 
f'tihren. In der vorliegenden Studie wird untersucht, ob dutch eine derartige 
Belastung die Schwere der Verletzungen bei Vordersitzinsassen erh6ht wird. 
Die erforderlichen Daten stammen von s~imtlichen Kraftwagenunf~illen mit 
t6dlichem Ausgang, die sich w~ihrend 1 Jahres in Schweden ereignet haben. 
Die Angaben betreffen auch die (Jberlebenden, und die K6rperverletzungen 
beim Fahrer und Beifahrer auf dem Vordersitz der Fahrzeuge wurden ent- 
sprechend der ,,Abbreviated Injury Scale" (AIS) und der ,,Injury Severity 
Score" (ISS) aufgeschltisselt. Bei der Bestimmung der Verletzungsschwere 
wurde die Kollisionsenergie beriJcksichtigt. Die Resultate deuten daraufhin, 
dab die Fahrzeuginsassen aufden Vordersitzen einem gr613eren Verletzungs- 
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risiko ausgesetz t  sind, w e n n  sich ein n ich t  angegur te te r  Insasse a u f  d e m  
Rticksitz befindet.  Dieses  Resul ta t  gilt f'fir Kol l is ionsgeschwindigkei ten un te r  
45 km/h .  

Schliisselwiirter: Frontalkoll is ion,  Verletzungsr is iko au f  den Vorders i tzen  bei 
n ich t  angegur te ten  Insassen  a u f d e n  Rticksi tzen - Traumatologie ,  Ver le tzun-  
gen bei Frontalkol l is ion 

Legislat ion m a d e  seat belt  use compul so ry  in Sweden  in 1975, bu t  applied to f ront  
seat occupants  only. Taxis were no t  included.  Object ions  to the except ions have 
b e e n  raised as it is a s s um ed  that  objects in the back seat, e.g., unres t ra ined  pas- 
sengers,  luggage, or dogs, m a y  increase the risk o f  injury to the f ront  seat 
occupants ,  especially in head -on  collisions. Bohl in  (1977) cons idered  that  unbel t -  
ed back seat occupants  provide a ma in  injury risk to the f ront  seat occupants .  
N iedere r  et al. (1977), N a h u m  et al. (1967), and Mackay  et al. (1975) have shown 
evidence  o f  over loading o f  the f ront  seat occupants  by back seat passengers.  As 
the use o f  seat belts on  the back seat is quite u n c o m m o n  in Sweden,  the above 
m e n t i o n e d  effects should  be expected in au tomobi le  accidents in the Swedish 
env i ronment ,  too. To s tudy this, the present  invest igation evaluated all fatal auto-  
mobi le  accidents  in the whole  o f  Sweden  in 1975. 

Material and Methods 

The basic data were compiled from 458 accidents involving 1,366 persons, of whom 560 were 
killed at the scene of the accident or died within 1 year of their injuries. Accident data relevant 
to the dead as well as to the injured who survived were collected from police reports, photo- 
graphs from the scene of the accident, as well as of the damaged cars, autopsy reports, and 
medical records. 

From these basic data the head-on collisions were selected, i.e., accidents with an 11,12, or 
1 o'clock direction of impact. Occupants of cars that were driven under lorries or occupants 
who were thrown out of cars were excluded. 

The injuries of the front seat occupants were grouped according to the type (i.e., aortic 
rupture, skull fracture, etc.), the location (head, neck, thorax, etc.), and the seriousness. In 
evaluating the seriousness, the Abbreviated Injury Scale (AIS, 1976 revision) was used. For 
the overall injury assessment, the Injury Severity Score (ISS) was applied. 

When the severity of a collision is to be assessed, the change in velocity of the impact is the 
most suitable variable. The absolute velocity change is never known with accuracy. The 
velocity change is, however, usually proportional to the degree of deformation of the car; 
consequently, an assessment of deformation should provide a useful tool to estimate the 
energy dissipated during that phase of the accident when the body injuries are likely to occur. 

To comprehend the energy of impact, the deformation of different zones of the cars was 
estimated, and the deformation score for each zone was squared and the squares were added 
together. The value thus achieved represents the energy of impact. This approach was 
described by Krantz and L6wenhielm in 1980. In this matter, the weight of the back seat pas- 
sengers should also be considered. The majority of the back seat passengers survives the 
accidents, and in the medical records collected, information on the weight of the patient was, 
as a rule, lacking. Thus, the potential effect of a variable loading of the front seat occupants 
caused by different weights of the back seat passengers has not been taken into consideration 
in the present study. There was no positive information on loose items (i.e., luggage) in the 
back seat in any of the cases studied. 
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Table 1. Number of drivers and front seat passengers in head-on collisions related to seat belt 
use and presence of back seat passenger behind 

Seat belt Seat belt Seat belt 
used not used users 

Driver 
with back seat passenger behind 

Driver 
without back seat passenger behind 

Front seat passenger 
with back seat passenger behind 

Front seat passenger 
without back seat passenger behind 

36 22 62% 

139 71 66% 

25 18 580/0 

55 32 630/0 

Table 2. Average ISS for front seat occupants with and without unrestrained passenger behind 
in relation to seat belt use. Frontal collisions 

Seat belt used Seat belt not used 
(ISS) (ISS) 

Driver 
with back seat passenger behind 

Driver 
without back seat passenger behind 

Front seat passenger 
with back seat passenger behind 

Front seat passenger 
without back seat passenger behind 

23.4 31.3 

22.7 29.9 

21.2 26.3 

15.1 31.7 

Results and Discussion 

Of 261 back seat occupants, 11 (4.4%) were restrained. It is significant that these 11 
persons all survived the accidents, whereas 60 of the 250 (24%) unrestrained back 
seat occupants were killed. 

If  alone, the unrestrained back seat passenger sits in the middle of  the back 
seat sometimes. In these cases "sitting behind" was defined as true for the driver 
in an 11 o'clock collision, as true for the front seat occupant in a 1 o'clock collision, 
and not true for either of  the front seat occupants in a 12 o'clock collision. There 
were only left-hand-driven cars in this investigation. Considering these distinc- 
tions, there was an unrestrained back seat occupant behind the driver or the front 
seat occupant in 25% of the cases (101 of  398 persons) (Table 1). 

Twenty-five per cent is near to the frequency of 23% given by Niederer et al. 
(1977). Of the 139 belted drivers, 131 wore 3-point lap-shoulder belts, seven wore 
2-point lap-belts, and in one case it could not be established which type had been 
worn. The corresponding figures for the 55 belted front seat passengers were 48, 
2, and 5, respectively. 
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Table 3. Average relative impact energy sustained by front seat occupants with and without 
unrestrained passengers behind in relation to seat belt use. Frontal collisions 

Seat belt used Seat belt not used 
(impact energy) (impact energy) 

Driver 
with back seat passenger behind 

Driver 
without back seat passenger behind 

Front seat passenger 
with back seat passenger behind 

Front seat passenger 
without back seat passenger behind 

18.5 16.3 

14.5 15.7 

21.5 12.9 

18.6 16.8 

Table 4. Average ISS for restrained and unrestrained front seat occupants with and without 
unrestrained passengers behind in relation to relative impact energy level. Frontal collision 

Relative impact energy interval 

0-1 2-10 11-30 >30 
ISS ISS ISS ISS 

Driver 
with back seat passenger behind 

Driver 
without back seat passenger behind 

Front seat passenger 
with back seat passenger behind 

Front seat passenger 
without back seat passenger behind 

8.2 21.2 28.4 48.8 

7.2 22.5 29.1 46.1 

1.3 25.5 30.5 31.9 

4.8 22.9 26.9 30.2 

In Table 2, the average ISS for the drivers and the front seat passengers in 
head-on collisions is presented. Except for the unbelted front seat passenger 
group, there seems to be a slight increase in the injury severity when there was an 
unbelted passenger in the back seat. This increase/decrease must  be judged with 
reference to impact energy. In Table 3, the average impact energy is indicated for 
the groups defined in Table 2. Comparing the values given in Tables 2 and 3, it is 
evident that there is a positive correlation between the ISS and the impact 
energy, i.e., for all the groups there is an increase of injury severity when the 
impact energy increases. Thus, it is not  possible to compare the groups when the 
impact energies differ significantly. On the other hand, the injury reducing effect 
of  the seat belt is apparent from Tables 2 and 3. In this case, there is a negative 
correlation between ISS and impact energy except for the drivers without an 
unbelted passenger in the back seat. In this case, the impact energies are of  the 
same magnitude and can be compared anyhow. Krantz and L6wenhielm (1980) 
presented an investigation on the injury-reducing effect of  seat belts, showing 
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Table 5. Injuries scaled according to AIS in restrained front seat passengers without and with 
unrestrained passenger behind in the relative impact energy interval 2-10 (< 45 km/h), frontal 
collision 

Restrained front seat passenger with unrestrained passenger behind 

AIS 

Region N 0 1 2 3 4 5 6 

Head 5 3 0 0 0 0 0 2 

Thorax 5 1 0 0 1 2 0 1 

Abdomen 5 4 0 1 0 0 0 0 

Restrained front seat passenger without unrestrained passenger behind 

AIS 

Region N 0 1 2 3 4 5 6 

Head 12 6 1 4 1 0 0 0 

Thorax 12 10 0 0 2 0 0 0 

Abdomen 12 10 0 0 0 1 1 0 

that the ISS was related to the impact energy. This method  was applied in the 
present  investigation. Krantz and LSwenhielm (1980) found that a critical level 
for fatal injury was about  ISS = 25. Referring to Table 2, this value falls between 
the belted and the unbel ted groups. 

To take the impact energy dependence into consideration, four energy levels 
were chosen as there were not many  cases. To obtain groups of comparable sizes 
the four groups were defined as follows: (1) minor  or no impact, IE = 0-1; 
(2) modera te  impact, IE = 2-10; (3) powerful impact, IE = 11-30, and (4) very 
powerful impact, IE > 30. In Table 4, the average ISS vs the relative impact energy 
is presented. 

Impact  energy 10 corresponded to a velocity of  about  45 km/h.  The IS S for the 
driver groups correlated well with the energy levels studied. For the front seat 
passengers, the ISS values were somewhat  higher when there was an un- 
restrained passenger behind, but  this difference was not  significant. For  lower 
impact energies, the results for the drivers and the front seat passengers were 
quite comparable,  but as the impact energy increased a significant difference was 
obtained. The reason for this difference was that the driver in high velocity 
accidents reached the steering wheel, irrespective of  the seat belts being used 
or not. In a restrained position, the driver's head often hit the steering wheel. 
Mackay et al. (1975) indicated that in a sample of  simple frontal collisions, over 
60% of  the drivers wearing seat belts struck the steering wheel  with their heads. 
Rat tenbury (1979) found that about  50% of the drivers struck the steering wheel  
when the speed was about  50 km/h.  The use of  seat belts was not  taken into con- 
sideration in the results presented in Table 4. No marked change in injury sever- 
ity was obtained if the use of  seat belts was taken into account,  but  for two groups: 
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restrained front seat passengers with and without  an unrestrained back seat 
passengers behind and in the impact  energy interval IE = 2-10. With 5 and 1 2  
persons,  respectively, these groups were small. It  was not  purposeful  to apply 
statistical methods  to such small test groups. The specific injuries in the groups, 
however,  gave some information.  In Table 5, the injuries are presented for the 
head, thorax, and a b d o m e n - s c a l e d  according to AIS. The most  striking differ- 
ences were that more  serious injuries to head and thorax were suffered by the 
front seat passengers with an unrestrained passenger behind. Two persons in this 
group were killed, whereas all of  the front seat passengers without  a passenger 
behind survived the accidents. Al though it was impossible to ascertain an 
increased risk of  additional injury to the front seat occupants, caused by un- 
restrained passengers in the rear of  the car, it should be recalled that the basic 
data of  this investigation were gathered f rom fatal accidents. However,  the results 
obtained for the passenger group suffering impact  energy of 2-10 may indicate 
that the possible benifits of  reducing overloading of  the front seat occupants are 
obtained in collision velocity changes below 45 km/h.  
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