
BELTED OCCUPANTS I N  OBLI QUE AND S I DE I MPACTS 

ABSTRACT 

F . WALZ M . D . * 
P . Ni ederer Ph . D . * * 
U . Z o l l i nger M . D . *  
A . Renfer M . D . *  

On January 1,19 76 a law became effective in Switzerland requiring passenger 

car occupants to be secured by safety belts .At the same time the Swiss Govern

ment initiated a one year study on car accidents involving persons who were bel

ted and sustained severe or fatal injuries . 3o4 accidents with 153 killed and 

257 severely injured (OAIS = 2-6 )  occupants were analysed during this study . 

Data collection and analysis are based on police reports ,hospital docurrentation , 

photographs and in part on scene investigations ,photogrammetric methods and 

technical examination of the belts . 

Frontal crashes with an impact direction of 12 o' clock are the rnost traumatic 

ones for belt wearers . Nearly the same traumatisation arises from oblique colli

sions with 1 , 2 , lo and 11 o ' clock impact direction. The latter are analysed in 

terrns of seating position,injury pattern and severity . The same relations are 

shown also for the 3 and 9 o ' clock side .impacts .  

This paper has to be viewed in connection with other papers published by the 

same authors . 
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I 1 l NTRODUCT ION  

The inj v ry reduc i ng potent ial o f  c orre c t ly worn s eat b e l t s  has b e e n  

p roven t o  d a t e  in numerous s t udies ( Sc ot t ( l ) , Hue lke ( 2 ) , Langwi eder 

( 3 ) , Daalgard ( 4 ) , Vo igt ( 5 ) , Wa l z ( 6 ) , Bohlin ( 7 ) , Pe t t y ( 8 ) , Norden t o ft ( 9 ) ,  

Sab e y ( lo ) , He rb e rt ( l l ) , Mackay ( l2 ) , Kahane ( l 3 ) , Henderson ( l 4 ) , Cameron 

( 15 ) � . Th i s  fact j us t i f i e d  the int roduc t ion of a mandat ory seat b e lt 

law i n  Swi t zerland , e ffe c t i ve J anuary 1 , 19 76 .  As a c on s e que n c e  , 

usage rate s i n  re lation t o  the cars equipped with b e l t s  ( 9 1 %  i n  

1 9 7 6 )  i n creas e d  from aproximat e ly 1 5 % , 3 5 %  a n d  4 0 %  i n  p re vi ous y e ars 

t o  7 7 % , 8 5 %  and 9 2 %  in c i t y , rural and e xp re s s way drivi n g , respe c t ive

ly BfU ( l 7 ) . The p rob lems of c ar o c c upant protec t i on , however , c annot 

b e  e x p e c t e d  t o  b e  s o lved e xhaus tively w i t h  a mandatory s e at b e lt 

law , and , in addit ion , even new que s t ions might emerge . For t h e s e  rea

s ons , the Swi s s  Federal P o l i ce Department init iated a one year s t udy 

on s e verely and fat a l ly inj ure d s eat b e lt users . The inve s t igat ions 

should re veal to what extent sa fety b e l t s  i t s e lf are the c aus e o f  

inj uries and under which crash c ondit ions they are incapab l e  o f  

preventing inj urie s . 

The re levant documentat ion o b t ained c ons i s t ed us ually o f  p o l i c e  re

ports , ph ot ographs and s c aled Sketches of the a c c i dent s cene b a s e d  

on photogramme t r i c  evaluat ion . Furthe rmore , the t re a t i ng doct ors and 

c oroners contribut e d  h o s p i t al reports and aut opst documantat ion in 

a dd i t i o n  to pers onal c ommuni cations . The inve s t igating t e am made an 

e ffort t o  inspe c t  the involved veh i c l e s  in the ne ighb orhood of 

Zurich . In the other case s , personal c o nt ac t  b e tween the inve s t igator 

and the p o l i c e  o f f i c e r  p rovided the addit ional informat ion . 

I n  a number o f  c a s e s  the b e l t s  were t aken from the c ar for further 

inve s t i gat i on s . Th e s e  were performed b y  the Swi s s  Federal Materials 

± e s t ing L ab orat ory and the Techni c a l  C o l l ege o f  the C anton Berne 

at Bie l .  

A t o t al o f  3 o 4  ac c i dents involving 3 3 6  c ars and light vans as we l l  

a s  4 1 0  b e l t e d  persons with an i nj ury s e ve ri t y  o f  OAI S  2 - 6 +  were in

v e s t i gated . 1 5 3  of the s e  oc cupant s d i e d .  



Thi s  paper has t o  be viewed in c onne c t ion w i t h  other papers c oncer

ning t h i s  one year s t udy ( Ni e dere r ( l 8 ) � Wa l z ( l9 ) , Wal z ( 2o ) , Wa l z ( 2 1 ) , 

Nie derer ( 2 2 ) ) .  

I I .  RESUL TS 

l l . I ,  OBL I QUE I MPACTS 

The 141 proper frontal impacts ( 12 o ' clock) implied a degree of traumatisation 

( =d. o .  tr. ) = .L ISS of 3582 , an average ISS of 25 , 4  and 45 fatalities (Tab . 1 ) .  

The 117 oblique impacts with 1 , 2 , lo and 11 o ' clock impact direction follow with 

a d . o . tr. of 3o27 ,an average ISS of 25 , 8  and a fatality rate of 44 .The 72 persons 

sitting at the side of the impact area sustained more severe injuries ( av. ISS= 

28, 6  and 34 fatalities ) than the remote occupants ( av. ISS= 2 1 , 4  and lo fatali

ties ) . The difference ,however, is not significant due to the relatively sma.11 

number of cases (Tab . 2 )  . 

The overall traumatisation of the people sitting close to the crush zone is more 

than the double compared to the opposite occupants ( .� ISS =2o62 vs . 965 ) . The near

side occupants sustained weakly significantly more leg injuries (p � o , l )and 

arm injuries (p �o, l )  and they had a higher death rate (p � o,l) . The more fre

quent incidence of pelvic fractures is significant ( P  �o,o5 ) .  

In contrast to that the persons sitting opposite to the impacted area were affec

ted weakly significantly more often by A.Is 2 rated head inj uries ( p �o, 1 )  and 

fractures of the lumbar spine (p� o � l ) .The difference in tenns of lacerations to 

the bowel is significant (p �o, o25 ) and regarding brain contusions even highly 

significant (p �o,ool ) . 

Whereas the high frequence of pelvic, leg,and arminj uries with the directly im

pacted occupants is easily explained by the car crush near the person under con

sideration, the higher incidence of head inj uries to the o f f s i d e occu

pants is surprising. Taking into account the likewise more frequent affections 

of the bowel and the lumber spine , the following interpretation is possible: 

the offside occupant glides out of the shoulder belt towards the impact area 

and thereby contacts - as passenger in lo and 11 o ' clock crashes - the steering 

wheel rim with his head , the upper dashboard, the gear shift lever or even the 

other occupant .The directly impacted occupant contacts in contrast to that often 
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Col l i s ion cir- Number I: I SS average Number of 

cumstances of cases ISS fata l i t ies 

1 2  o ' clock 1 4 1  3 5 8 2 2 5 , 4  4 5  
1 1  " 5 9  1 4 70 2 4 , 9  1 8  
10 " 1 6  503 3 1 , 4  8 

l " 2 4  604 2 5 , l  10 
2 " 1 8  4 50 2 5 , 0  8 
3 " 2 6  8 2 0  3 1 , S  1 2  
9 " 2 3  506 2 2 , 0  8 

4 -8 " 10 1 8 8  1 8 , 8  3 
Rollover 1 9  5 1 7  2 7 , 2  10 
Comp lex 2 4  1 9 2 4  2 6 , 0  3 1  

Total 4 10 1 0 5 6 4  2 5 , 8  1 5 3  
. 

Included are 

E j ection 1 5  6 7 2  4 4 , 8  9 
Fa l l  1 9  4 4 8  2 3 , 6  4 
Water 3 5 7  1 9 , 0  3 
Fire 8 6 4  8 , 0  -
Underrun . 2 7  108 5 4.0 , 2  1 8  

Tab 1 Distribution of collision circumstances and degrees of traLUTJati
sation ( = � ISS ) in the sample. 
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Tab . 2 

n 

ISS 

0 ISS 

Stand. error 

n of deaths 

Cereb r . conc. 

cereb r . cont . 

Skull fract . 
( vault) 

(base ) 

Facial frac t .  

Eye in.iury 

Persons with 
head in.i uries 

Cervic . spine 

Thorac ic s p .  

Lumbar spine 

Spinal cord 

Clavicle fr. 

Sternum frac. 

Rib fracture 

Heart 

Lung 

Aorta 

Pers . with 

thorac . i nj . 1 Liv'!r 

Spleen 

Kidney 

Bowel 

Unspecific 
abdom . inj ury 

Pers . with 
abdom . inj . 

Pelvic fract . 

Leg fracture 

Arm fracture 

1 , 2 , lo , l l  o ' clock 
impact direction 

near-

72 

2062 

2 8 , 6  

3 , 4  

3 4  

1 7 

1 7  

l o  

15 

15 

3 

4 5 

4 

) 
2 
-
3 

3 

2 3  
4 

7 

5 

2 8  

1 2  

lo 

4 

1 

lo 

20 

1 8  

offside 

4 5  

965 

2 1 , 4  

3 , 2  

lo 

2 4  -
7 

4 

3 

1 1  

2 

� 
5 

-
.1! 
1 
2 

2 

14 

3 

1 

1 

17 

3 

2 

4 

4 -

7 

12 

2 

1 4  

5 

Signi f . of 
near/off-
side dif-
ference 

n . s .  

• • •  

• • • •  

n . s .  

n . s .  

n . s .  

n . s .  

n . s .  

• 

n . s .  

• 

n . s .  

n . s .  

n . s .  

n .  s .  

n . s .  

n . s .  

n . s .  

n . s .  

n .  s .  

n . s .  

• • •  

n . s .  

n . s .  

• •  

• 

· -

3 and 9 o ' clock 
impact direction 

Signi f . o f  
near/off-
side dif-

near- of'fside ference 

3 3  

9 9 1  

3 o , O  

5 , 2  

ll 
7 

6 

4 

8 

6 

-

lo 

2 

-
1 

1 

5 

2 

2 2  

2 

7 

1 

26 

4 

5 

J 
2 

3 

8 

l2 
5 
l 

16 

3 3 5  

2 0 , 9  n .  s .  

5 , 2  

3 • 

5 n .  s .  

4 n .  s .  

2 n . s .  

l n . s .  

4 n . s .  

-

lo • • •  -
2 n . s .  

-
-
2 

2 n .  s .  

-
7 n . s .  

1 

2 n . s .  

-

lo n .  s .  

2 n .  s .  

-
2 n .  s .  

-

2 n .  s .  

5 n . s .  

2 • 

2 n . s  . 

1 
1 

Injuries and trawnatisation in oblique and side impacts . 
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only the side window and therefore he sustaines headinj uries of AIS � 1 .  

The head impact velocity is expected t o  b e  higher with the r e m o t e 

sitting occupant because of the longer distance available for the acceleration. 

It must also be born in mind that this sample includes a relatively large num

ber of very severe collisions with a VDI extent of 5 and more ( 45% of all 1 ,  
2 , lo and 1 1  o ' clock impacts ) so that the head can contact the intruding car 

structures on the opposite side,especially the roof. 

Ph oto No . l  Roof c ontact o f  t h e  offs i de oc cupant with fat al head 

and ne ck inj ury . 

During the sideways movement the load on the lap strap rises and bowel lacera

tions thereby occur. The rotation around the lower part of the shoulder strap is 

hypothesized to be the reason for the particular lurnbar spine fracture . In two 

of the f our fractures tearing of the transverse processes occurred on the left 

side of 11 o ' clock impacted right side sitting passengers . Non of the other 408 

severely injured belt wearers showed this particular spine fracture . 

Wide cars ,molded steering wheel rims ( also for the sake of the passengers ) and 

other softened structures of the car interior ( e . g . gear shift lever, driving 

mirror) are regarded as feasible improvements . Preventing the gliding out of the 

shash belt would riquire more expensive (air bag) or impractical ( four point 

racing belt ) safety measures . 



Of the 117 persons involved in 1 , 2 , lo an llo ' clock crashes 72 were accompanied 

by an other belted front occupant (Tab . 3) . 47 times ( =  65% ) the occupant sitting 

close to the crush zone was mJre severely injured than the other but in 24% of 

the cases the i n v e r s e  situation occurred ( Photo No . 2 ) . In the remaining 

8 cases ( =11% ) both occupants exhibited the same injury severity in terms of 

OAIS and ISS . In two cars both front occupants with belts were killed in oblique 

impacts ( four persons ) . Old age was found to be one of the major reasons contri

buting to the severe injuries of offside sitting occupants (  Walz et al . 21 ) . 

Tab•. 3 

Near:iidc occu- O f l' : ;luc o c c u -
pant, morc nc- pa11t mure oc-

:.;ame i nj ur·y-
:;cvcriLy 

Only one 
occupant 

Other occu-
pant not 

ve rc ly i nj ur!)<J verely i nj und i n  the car belted 

11·r ] '( ß 4 1  4 
1 , 2 , lo , l l  o '  c l .  = 65% = ;•11:g = ll % ( 100% ) 
impact direction 

?l l 4 18 5 
3 and 9 o ' c lock ( = 81% ) ( = 1 1%) ( = 1 5 % )  ( loo% ) 
impact direction 

Injury severity with respect to seating position in oblique 
and side collisions . 

Photo No. 2 Driver (offside) killed, nearside passenger injured OAIS 3 ,ISS 13.  

,,., /). ' I , . f'�. "'.'-"; 



I I .  1 I .  S I DE I M PA CTS 

Doubts about seat belt effectiveness in side impacts a.re unj ustified in view of 

present results (Walz ( 6 ) ,Jones ( l6 ) ,Hartemann ( l7 )  ) . This study revealed that corn

pression of the occupant between the belt and the intruding side structure usu

ally does not occur because the B-pillar and the side belt anchors attached to it 

is also displaced towards the rniddle of the car so that the available length of 

the belt remains sufficient (photo No. 3 and 4 ) . The av. Av in side impacts is con

siderably lower( 35 km/h) than in frontal crashes ( 5o km/h ) . Due to the irnpossibi

lity to provide an adequate deformation zone as in the frontal direction the in

trusions resulting from side impacts are increased allready with low v. 

Photo No . 3 : Usually the B-pillar is also displaced towards the middle of the 
car.No "compression" between belt and intruding structure occurs . 

Photo No . 4 : Ra.rely ,the B-pillar is n o t displaced.  

�0/ 



The overall traumatisation of the belted persons directly struck is three times 

as high as the one of the other belted occupants in side crashes ( d . o . tr. of 

991 vs . 335 ) .The higher incidence of pelvic and arm injury rated AIS � 2 for 

the nearside occupant is weakly significant ( p � o , l )  and death occurred more 

often ( p � o , l )  .The offside occupants sustained significantly more AIS � 2 

head injuries than the others ( lo among 16 vs . lo among 33 , p � 0,025 ) .  

As the statistical evaluation of the injury pattern with the nearside resp . the 

offside occupants shows similar results as in the case of oblique crashes it 

is assumed that the same interpretation of the injury causation is valuable . 

26 of the 49 severely injured belt wearers involved in side collisions were to

geather with an other belted front seat occupant (Tab . 3) . 21 ( =  81% ) sustained 

more severe injuries while sitting close to the impacted side than the offside 

person. 

In two accidents the nearside as well as the offside occupants were injured 

with the same degree of severity ( 4  cases ,OAIS 6+ ) .  An exarrple is shown in 

photo No. 5 .  

Photo No. 5 Both belted front seat occupants were killed in this side colli
sion with a train. 

„ � .  ' 



In one case the offside driver (69 years old,anticoagulated) died two days after 

a minor right side :impact from a retroperitoneal hematoma and bleeding shock 

( photo No . 6 ) .  Because of the absence of visible lesions and pain the patient 

was not kept in the hospital after the first check up ; the following day he was 

admitted to the hospital again but the bleeding shock could not be treated any 

more due to the occult anticoagulation bleeding. The injuries were caused -with 

a high degree of probability - by the buckle of the two point diagonal belt ; 

the 61 year old nearside sitting woman suffered from AIS 3 rated rib fractures 

with hemathorax and a contusion of the right shoulder. She had to stay 21 days in 

the hospital . The conclusion can be drawn that a healthy driver in offside po

sition would have sustained only minor injuries in this accident . 

Photo No. 6 The anticoagu�ated 69  year old driver ( offside ) died two days 
�f�er the acc1dent from untreatable bleeding shock. No visible 
lf1J ury ,retroperitoneal hematoma. 



SUMMARY 

The results of a one year study initiated by the Swiss goverrunent involving ac

cident circumstances of 257 inj ured ( OAIS 2-6 ) and 153 killed (OAlS o+ ) seat bei t  

wearers are presented with respect to 117 oblique and 4 9  side collisions . 

Oblique impacts ( l , 2 , lo , 11 o ' clock) represent approxima.tely the same overall ha

zard to belted occupants as the 12 o ' c lock frontal impacts ( degree of trawnat i

sation = l: ISS : 3o27 vs . 3582 , fatality rate 44 vs . 45 ) . In general occupants near 

the impact sustained more often and more severe injuries ( esp. leg, arm and pe lvic 

fractures ) .  However, the offside occupants sustained more often head ,bowe l and 

lumbar spine imj uries . As reasons for these findings a higher head impact ;e lo

ci ty due to the longer acceleration distance , contact with the steering wheei by 
the passenger , rotation around the sash portion of the belt with partiaJ 12;l i -

ding out of it are stipulated. On the other hand the nearside occupant sustaines 

often only minor head injuries due to a relatively "smoth" irrpact to the side 

window. These reasons and older age contributed to the fact that in 24% the off

side occupants involved in oblique crashes suffered from more severe inj uries 

than their directly impacted couterparts .  

In 3 and 9 o' clock side collisions the persons opposite to the crush zone sus

tained as in the oblique crashes significantly more frequent head inj uries where

as the incidence of arm and pelvic fractures is higher with the occupants close 

to the impact . The latter also exhibited highly significantly more thorax and 

pelvic injuries AIS � 2-) than occupants · in all other collision circumstances . 
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