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I 
Abs t rac t  

f o r  s i d e  door  l a t c h e s  and h inges ,  with t h e  i n t e n t i o n  o f  minimising 
t h e  l i k e l i h o o d  of occupant e j e c t i o n  i n  crashes.  It came i n t o  

A u s t r a l i a n  Design Rule No. 2 (ADR 2 )  s p e c i f i e s  requirements  

e f f e c t  f o r  new passenger  cars  and d e r i v a t i v e s  on 1 January 1971 and 
f o r  o t h e r  t y p e s  of v e h i c l e s  a t  l a t e r  da t e s .  Aus t r a l i an  
manufacturers  began f i t t i n g  so -ca l l ed  f l an t i -bu r s t l l  door  l a t c h e s  t o  
some ca r s  i n  t h e  e a r l y  1960's. 

Informat ion  f rom t h e  Royal Aus t r a l a s i an  College of  Surgeons 
P a t t e r n  of I n j u r y  Survey of c ra shes  and  i n j u r i e s  i n  V i c t o r i a  was 
ana lysed  t o  measure t h e  e f f e c t  of  t h e  a n t i - b u r s t  door l a t c h e s  and 
ADR 2. I n i t i a l l y  i t  w a s  e s t a b l i s h e d  t h a t  e j e c t i o n  doubles  t h e  r i s k  
of s e v e r e - t o - f a t a l  i n j u r y  compared wi th  be ing  conta ined  i n  t h e  c a r  
i n  the'same c ra sh  circumstances.  E j e c t i o n ,  door opening, and t h e  
p ropor t ion  of e j e c t e e s  who were e j e c t e d  f rom v e h i c l e s  wi th  c losed  
doors  were t h e n  used as c r i t e r i a  f o r  t h e  e f f e c t  of ADR 2. 

f i t t e d  p r i o r  t o  formal  requirements)  i s  e f f e c t i v e  i n  reducing t h e  
r isk of e j e c t i o n ,  v i a  a r e d u c t i o n  i n  t h e  p r o b a b i l i t y  o f  door 
3pening, f o r  t h e  occupants  of c a r s  and c a r  d e r i v a t i v e s  involved  i n  

The s t u d y  concluded t h a t  ADR 2 (and t h e  a n t i - b u r s t  door l a t c h e  
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Abs t r ac t  (cont inued)  

non-ro l lover  crashes.  ADR 2 t r a n s f e r s  t h e  r o u t e  of e j e c t i o n  o f  
t h e  remaining e j e c t e e s  away f r o m  t h e  door opening and towards 
non-door p o r t a l s .  Regarding t h e  e f f e c t i v e n e s s  of  ADR 2 i n  
r o l l o v e r  c r a s h e s ,  t h e  s t u d y  w a s  i nconc lus ive  due t o  t h e  
r e l a t i v e l y  small number of occupant c a s u a l t i e s  involved  i n  
c r a s h e s  of t h i s  type  and a l s o  due t o  t h e  p o s s i b i l i t y  t h a t  t h e  
l a t e r  model c a r s  may have been involved  i n  more s e v e r e  r o l l o v e r  
c ra shes  than  t h e  o l d e r  cars.  Anti-burst  door  l a t c h e s  may be i n  
need of  improved des ign  t o  t a k e  account  of  whatever mechanism 
opens doors  i n  r o l l o v e r s .  

ADR 2 s t i l l  h a s  a meaningful r o l e  i n  modern v e h i c l e s  wi th  
h igh  r a t e s  o f  s e a t  b e l t  use. The Design Rule is  e f f e c t i v e ,  a t  
l e a s t  i n  non-rol lover  c r a s h e s ,  i n  reducing t h e  r i sk  of e j e c t i o n  
of s e a t  b e l t  wearers  as w e l l  as non-wearers. 
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INTRODUCTION 

AUSTRALIAN DESIGN RULE 2 

Aus t r a l i an  Design Rule f o r  Motor Vehicle  S a f e t y  No. 2 
(ADR 2 )  f o r  door  l a t c h e s  and h inges  came i n t o  e f f e c t  f o r  
passenger  c a r s  and d e r i v a t i v e s  manufactured on o r  a f t e r  
1 January 1971. I t  s p e c i f i e s  requi rements  f o r  s i d e  door l o c k s  
and s i d e  door r e t e n t i o n  components i n c l u d i n g  l a t c h e s ,  h inges ,  
and o t h e r  suppor t ing  means, wi th  t h e  i n t e n t i o n  of  miniulising 
t h e  l i k e l i h o o d  of occupants  being e j e c t e d  from a v e h i c l e  as 
a r e s u l t  of impact. The Design Rule l a t e r  became e f f e c t i v e  
f o r  multi-purpose passenger  c a r s  ( 1  January 1973) , small 
t r u c k s  ( 1  J u l y  1974), and l a r g e  t r u c k s  ( 1  J u l y  1975). 

ADR 2 seeks  t o  achieve  i t s  i n t e n t i o n  by r e q u i r i n g  t h e  
door l a t c h e s  and h inges  t o  wi ths tand  a l o n g i t u d i n a l ,  t e n s i l e  
l oad  ( r e p r e s e n t i n g  t h e  l o a d  induced by body s h e l l  d i s t o r t i o n )  
and a t r a n s v e r s e  load  a c t i n g  outwards ( r e p r e s e n t i n g  t h e  load  
induced by occupant c o n t a c t ) .  
U.S. F e d e r a l  Motor Vehicle  S a f e t y  Standard No. 206 (FMVSS 206). 

FMVSS 206 came i n t o  e f f e c t  f o r  passenger  c a r s  s o l d  i n  
t h e  U.S. s i n c e  1 January 1968. However, most  U.S. manufacturers  
i nc luded  improved door r e t e n t i o n  components ( so-ca l led  "an t i -  
b u r s t "  door l a t c h e s )  as e a r l y  as t h e  1956 model year  ( G a r r e t t  
1969; Comptrol ler  General  of t h e  United S t a t e s  1976). These 
a n t i - b u r s t  door l a t c h e s  were i n i t i a l l y  aimed a t  r e s t r a i n i n g  
t h e  door l o n g i t u d i n a l l y  and t h e i r  des ign  w a s  g r a d u a l l y  
improved i n  s t a g e s  du r ing  t h e  next  decade ( G a r r e t t  1969). 
It i s  understood t h a t  A u s t r a l i a n  manufacturers  began f i t t i n g  
a n t i - b u r s t  door l a t c h e s  i n  t h e  e a r l y  19607s ( i n  response t o  
t h e  a v a i l a b i l i t y  of American technology)  and t h a t  t h e  advent  
of ADR 2 caused a des ign  change i n  on ly  a minor i ty  of passenger  
c a r s  and d e r i v a t i v e s  produced i n  1971. 

The Design Rule is  based on 

LITEFUTURE ON EJECTION AND I N J U R Y  

A number of  r e s e a r c h e r s  have i d e n t i f i e d  an a s s o c i a t i o n  
between e j e c t i o n  and dea th  o r  s e r i o u s  i n j u r y ,  with t h e  r i s k  

of s e v e r e - t o - f a t a l  i n j u r y  t o  e j e c t e e s  ranging  from 3 t o  16 
t imes h i g h e r  t han  t h a t  f o r  non-e jec tees  from c r a s h e s  i n  
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g e n e r a l  (Tourin 1958; Kih lberg  1965; Adams 1967; T a r r i s r e  1973; 
Anderson 1974; Hobbs 1978) and from 5 t o  40 t imes  h i g h e r  i n  
r o l l o v e r  c r a s h e s  (Hight e t  a1 1972; Anderson 1974; Huelke 
1977a, b j .  E j e c t i o n  i s  t y p i c a l l y  a s s o c i a t e d  wi th  i n c r e a s e d  
r i s k  of s e r i o u s  i n j u r y  t o  t h e  head, neck and s p i n e ,  i n  
p a r t i c u l a r  (Huelke & & 1977a; Walz 1979). 

Most of t h e s e  r e s e a r c h e r s  have n o t  t aken  i n t o  account  
t h e  p o s s i b i l i t y  t h a t  t h e  e j e c t e e s  may have been involved i n  
more s e v e r e  c r a s h e s  and t h a t  t h e i r  i n c r e a s e d  i n j u r y  r i s k  may 
have been due, a t  l e a s t  i n  p a r t ,  t o  t h i s  d i f f e r e n c e  be fo re  
e j e c t i o n  (though, t o  be f a i r ,  Adam 1967 commented on t h i s  
p o s s i b i l i t y ) .  Tonge & (1972) found t h a t  81 p e r  c e n t  of 
e j e c t e d  f a t a l i t i e s  r ece ived  t h e i r  major f a t a l  i n j u r y  i n s i d e  
t h e  v e h i c l e  be fo re  e j e c t i o n .  Tourin (1958) found t h a t  e j e c t e e s  
were indeed involved  i n  more s e v e r e  c ra shes  and a d d i t i o n a l l y  
tended t o  have occupied s e a t i n g  p o s i t i o n s  wi th  a h i g h e r  
f a t a l i t y  r i sk  t h a n  non-ejectees.  
d i f f e r e n c e s  i n  c ra sh  s e v e r i t y  and s e a t i n g  p o s i t i o n ,  he found 
t h a t  t h e  f a t a l i t y  r i sk  of e j e c t e e s  was only 2.3 t imes  t h e  
expected r i sk  had they  remained i n s i d e  t h e  c a r ,  compared with 
t h e  crude r a t i o  of 4.8 when t h e  f a t a l i t y  r i sks  of e j e c t e e s  
and non-e jec tees  were d i r e c t l y  compared. 

When he c o n t r o l l e d  f o r  t h e s e  

Thus i t  would appear  t h a t  e j e c t i o n  p e r  s e  d i r e c t l y  
causes  a n  i n c r e a s e  i n  t h e  r i s k  of s e v e r e - t o - f a t a l  i n j u r y ,  
though perhaps no t  as g r e a t  a n  i n c r e a s e  as i s  commonly 
thought.  Huelke and Gikas (1966) i d e n t i f i e d  e j e c t i o n  as t h e  
l e a d i n g  cause of  occupant dea th  i n  t h e i r  d a t a  (27 p e r  c e n t  
of t h e  f a t a l i t i e s  cons ide red ) ,  a f t e r  d i scoun t ing  about  one- 
t h i r d  of t h e i r  e j e c t e d  f a t a l i t i e s  who r ece ived  f a t a l  i n j u r i e s  
i n s i d e  t h e  car .  

Some r e s e a r c h e r s  have i d e n t i f i e d  t h e  wearing of s e a t  
b e l t s  ( l a p  o r  t h ree -po in t )  as having a l a r g e  e f f e c t  on 
occupant e j e c t i o n  (Huelke and Gikas 1966; Adams 1967; Tonge 
-- e t  a1 1972; Hight e t  a1 1972; Huelke & 1977a, b; Cameron 
and Nelson 1977). Tourin (1958) d i scussed  t h e  dua l  r o l e  of 
a s e a t  b e l t  ( s p e c i f i c a l l y ,  of t h e  l a p  type )  o f ,  first, 
prevent ing  e j e c t i o n  and, second, reducing t h e  r i s k  of i n j u r y  



- 3 -  

of  conta ined  occupants.  However, Walz & a (1979) were 
s t i l l  a b l e  t o  f i n d  i n s t a n c e s  of s e a t  b e l t  wearers  who were 
e j e c t e d ,  with a d i s p r o p o r t i o n a t e  frequency of c e r v i c a l  and 
t h o r a c i c  s p i n e  f r a c t u r e s .  They a l s o  found a h igh  p r o p o r t i o n  
of e j e c t e e s  who were wearing two-point shou lde r  b e l t s  r a t h e r  
t han  th ree -po in t  b e l t s .  However, Huelke et (1977b) found no 
evidence of a d i f f e r e n c e  i n  e j e c t i o n  r a t e  when wearers  of 
l a p  b e l t s  were compared wi th  wearers  of l a p  and shou lde r  
b e l t s .  

E j e c t i o n  w a s  found t o  be r e l a t e d  t o  c r a sh  s e v e r i t y  
(Tour in  1958; Adams 1967; Anderson 1974) and t o  t h e  c ra sh  
t y p e ,  wi th  r o l l o v e r s  be ing  t h e  m o s t  f r equen t  source  Of 
e j ec tSon  (Tonge & 1972; Anderson 1974). Anderson a l s o  
found e j e c t i o n  r a t e s  t o  be h i g h e r  i n  s i d e  impacts  compared 
with o t h e r  non-ro l lover  impacts, as w e l l  as f o r  occupants  of 
t h e  f r o n t  seats (confirming t h e  f i n d i n g  of Tourin 1958). 
Hight & 
i n  r o l l o v e r s ,  and Quayle (1968) found a r e l a t i o n s h i p  between 
t h e  l o s s  of s u r v i v a l  space  and door opening i n  r o l l o v e r s .  
However, Huelke & & (1977a) were unable  t o  confirm Hight 
-- e t  a l ' s  f ind ing .  

(1972) found e j e c t i o n  t o  be r e l a t e d  t o  roof  c rush  

A number of  r e s e a r c h e r s  have i n v e s t i g a t e d  t h e  r o u t e  of 
e j e c t i o n .  I n  c r a s h e s  i n  g e n e r a l ,  Huelke and Gikas (1966) 
found t h a t  i n  1961-65 most  f a t a l  e j e c t e e s  were e j e c t e d  through 
opened doors.  Hight e t  a1 (1972) had similar f i n d i n g s  i n  
r o l l o v e r s .  However, when s tudy ing  newer American c a r s  (1968 
models onwards) i n  r o l l o v e r s ,  Huelke & (1972, 1977a 
found t h a t  t h e  most common e j e c t i o n  r o u t e  had changed t o  
t h e  s i d e  windows o r  windscreen, followed by e j e c t i o n  
through opened doors.  Anderson (1974) confirmed t h i s  f i n d i n g ,  
bu t  he found t h a t  through opened doors  remained t h e  most 
common e j e c t i o n  r o u t e  f o r  t h e  newer c a r s  involved  i n  non- 
r o l l o v e r  c rashes .  Anderson a l s o  quoted G a r r e t t  (1973) who 
demonstrated a n  i n c r e a s e  i n  t h e  p r o p o r t i o n  of  e j e c t e e s  who 

were e j e c t e d  through t h e  windscreen, s i d e  windows and r e a r  
windows a s s o c i a t e d  w i t h  t h e  newer c a r  models. 
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LITERATURE ON ANTI-BURST DOOR LATCH EFFECTIVENESS 

Almost wi thout  except ion ,  t h e  inc idence  of door opening 
i n  c ra shes  h a s  been used as t h e  e v a l u a t i o n  c r i t e r i o n  i n  s t u d i e s  
of t h e  e f f e c t i v e n e s s  of a n t i - b u r s t  door l a t c h e s .  I n  none o f  
t h e  l i t e r a t u r e  s i g h t e d  h a s  t h e  i n c i d e n c e  of e j e c t i o n  p e r  s e  
been used. The d i r e c t  c r i t e r i o n  ( e j e c t i o n )  may have been 
more a p p r o p r i a t e  t han  a n  i n d i r e c t  measure (door  opening) ,  
p a r t i c u l a r l y  as it  appears  t h a t  a n  e f f e c t  of improved door 
l a t c h e s  and h inges  i n  American c a r s  may have been t o  t r a n s f e r  t h e  
predominant e j e c t i o n  r o u t e  from t h e  door opening t o  t h e  glass 
a r e a s  i n  some t y p e s  of c rashes ,  i f  e j e c t i o n  took  place.  

G a r r e t t  (1961,  1964, 1969) conducted a s e r i e s  of s t u d i e s  
of door  opening of American c a r s  involved  i n  r u r a l ,  i n j u r y -  
producing c r a s h e s ,  I n  t h e  1961 s t u d y ,  he  compared pre-1956 
c a r s  wi th  1956-59 models and found t h a t  t h e  door opening r a t e  
changed from 45 p e r  cen t  t o  28 p e r  cent .  A t  t h e  same time 
t h e  inc idence  of e j e c t i o n  through a n  open door f e l l  by 40 p e r  
cent .  The next  major door  l a t c h  des ign  change i n  American 
c a r s  occur red  wi th  t h e  1963 models and G a r r e t t ' s  1964 s t u d y  
found a f u r t h e r  f a l l  i n  t h e  door  opening r a t e  t o  23 p e r  cent .  
F u r t h e r  improvements i n  door  l a t c h  des ign  were made du r ing  
t h e  19601s, e s p e c i a l l y  i n  t h e  1967-68 models. G a r r e t t ' s  
1969 s tudy  was more r e f i n e d  i n  t h a t  i t  s t anda rd ized  t h e  yea r  
model comparisons f o r  d i f f e r e n c e s  i n  impact speed and a c c i d e n t  
t ype ,  and found t h e  fo l lowing  door  opening r a t e s  by y e a r  o f  
manufacture: 

. pre-1956 : 42.5% 

. 1956-62 : 28.4% . 1962-63 : 22.6% 
1964 : 17.3% . 1965-66 : 17.5% . 1967-68 : 12.4% 

Anderson (1972) moved away from door  opening as t h e  
e v a l u a t i o n  c r i t e r i o n ,  and used door - r e l a t ed  e j e c t i o n  in s t ead .  
He found t h a t  t h e  inc idence  r a t e  f e l l  f rom 5.0 p e r  cen t  i n  
1960-65 model American c a r s  t o  3.1 p e r  c e n t  i n  1968-72 
models. G a r r e t t  (1973) used t h e  same c r i t e r i o n  i n  a comparison 

of 1960-67 and 1968-70 model Volkwagens. Be found a 55 p e r  
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c e n t  r educ t ion  i n  t h e  door - r e l a t ed  occupant e j e c t i o n  r a t e ,  
a t t r i b u t a b l e  t o  r e c e n t l y  in t roduced  door l a t c h  des ign  
mod i f i ca t ions  (presumably i n  response t o  t h e  impending 
FMVSS 206).  

Anti-burst  door l a t c h e s  were in t roduced  i n  Europe i n  t h e  
l a t e  1960's (Mackay e t  a1 1975). Kolbuszewski e t  a1 (1972) 
cons idered  t h e  performance of door l o c k s  wi th  and wi thout  
l o n g i t u d i n a l  r e s t r a i n t  i n  B r i t i s h  c a r s  involved  i n  a r e p r e s e n t -  
a t i v e  sample of crashes.  They found t h e  d o o r  opening r a t e  t o  
be 4.8 p e r  cen t  wi th  l o n g i t u d i n a l  r e s t r a i n t ,  compared t o  
12.0 p e r  cen t  without .  Gloyns e t  a1 (1975, unpubl ished)  
(quoted by Mackay e t  a1 1975) made a more d e f i n i t i v e  s t u d y  
of t h r e e  p a r t i c u l a r  B r i t i s h  c a r  models, be fo re  and a f t e r  t hey  
were f i t t e d  with a n t i - b u r s t  door l a t c h e s .  I n  s e v e r e  c r a s h e s ,  
w i th  a s l i g h t  b i a s  towards h igh  energy f r o n t a l  impacts ,  t hey  
found a door opening r a t e  of 33 p e r  cen t  f o r  t h e  o l d e r  c a r s ,  
compared with 16 p e r  cen t  f o r  t h e  a n t i - b u r s t  l a t c h e s .  

Read (1979) compared t h e  opening r a t e s  of d i f f e r e n t  
t y p e s  o f  a n t i - b u r s t  l a t c h e s  f i t t e d  t o  B r i t i s h  ca r s .  
found s i g n i f i c a n t  d i f f e r e n c e s  i n  performance, wi th  l e a s t  
s a t i s f a c t o r y  performance from t h e  r o t a r y  l a t c h  p rev ious ly  
f i t t e d  t o  some Chrys l e r  models. They a l s o  observed t h a t  
i n t r u s i o n  was t h e  most s e r i o u s  consequence of door  opening 
i n  non-rol lover  c r a s h e s ,  and confirmed t h a t  e j e c t i o n  was t h e  
most common outcome of door  opening i n  r o l l o v e r s .  

They 
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DATA FOR THIS STUDY 

The d a t a  on which t h i s  s t u d y  was based were c o l l e c t e d  
d u r i n g  t h e  Royal A u s t r a l a s i a n  College of Surgeons (RACS) 
P a t t e r n  of I n j u r y  Survey of V i c t o r i a n  road c a s u a l t i e s  (Nelson 
1974). From 1 June 1971, l e g i s l a t i o n  was i n  f o r c e  i n  V i c t o r i a  
r e q u i r i n g  h o s p i t a l s  t o  supply ,  on a Road Trauma Report ( R T R )  
form, d e t a i l s  of i n j u r i e s  f o r  a l l  road a c c i d e n t  v i c t i m s  
t r e a t e d .  I n  t h e  RACS Survey t h e s e  d a t a  were supplemented by 
F T R s  f i l l e d  ou t  u s ing  post-mortem r e p o r t s  on f a t a l l y - i n j u r e d  
road users .  I n  a d d i t i o n ,  Road Crash Report ( R C R )  forms 
d e s c r i b i n g  t h e  c ra sh  c i rcumstances  of occupant c a s u a l t i e s  
were completed by ambulance o f f i c e r s .  A s  t h e r e  was no l e g a l  
compulsion a s s o c i a t e d  wi th  t h i s  sou rce ,  RCR forms were 
r e t u r n e d  f o r  on ly  about  one- th i rd  of c r a shes  a t t e n d e d  by 
ambulances, wi th  a b i a s  toward r u r a l  crashes.  Examples of 
t h e  two d a t a  c o l l e c t i o n  forms a r e  shown i n  Appendix A. 

I 

A matched f i l e  of trauma and c ra sh  r e p o r t s  f o r  t h e  f i r s t  
two y e a r s  was o r i g i n a l l y  c r e a t e d  f o r  a n a l y s i s  by Nelson (1974). 
This  f i l e  was l a t e r  supplemented by d a t a  f o r  t h e  t h i r d  y e a r  
(Cameron 1977). A t  t h e  same time t h e  i n j u r i e s  recorded on 
t h e  RTR were t r a n s l a t e d  t o  t h e  Abbreviated I n j u r y  S c a l e  ( A I S )  
( J o i n t  Committee on I n j u r y  S c a l i n g  1976). The f u l l  matched 
f i l e  covers  8537 occupants of passenger  c a r s  and c a r  d e r i v a t i v e s .  
F u r t h e r  d e t a i l s  of t h e  r e t u r n  r a t e s ,  matching r a t e s ,  b i a s  
and accuracy of t h e  d a t a  are g iven  i n  Nelson (1974), Cameron 
and Wessels (19751, and Cameron (1977). 

The RACS matched f i l e  w a s  chosen f o r  t h i s  s t u d y  because 
of t h e  presence of i n fo rma t ion  on e j e c t i o n  of occupant 
c a s u a l t i e s .  It a l s o  c o n t a i n s  in fo rma t ion  on s e a t  b e l t  wearing 
and door  opening, though i n  t h e  l a t t e r  case t h i s  v a r i a b l e  
p e r t a i n s  t o  t h e  opening o f  any door o f  t h e  occupied v e h i c l e ,  
n o t  t o  t h e  door a d j a c e n t  t o  t h e  occupant ' s  s e a t i n g  p o s i t i o n  
or t o  t h e  door space through which t h e  occupant may have been 
e j e c t e d .  No a l t e r n a t i v e  cand ida te  mass d a t a  f i l e s  conta ined  
t h e s e  t h r e e  c r i t i c a l  v a r i a b l e s .  

However, t h e  choice of  t h e  WCS matched f i l e ,  which covers  
occupants  of passenger  c a r s  and c a r  d e r i v a t i v e s  only ,  precluded 
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an e v a l u a t i o n  of t h e  e f f e c t  of ADR 2 f o r  small o r  l a r g e  t rucks .  
There were t o o  few occupants  o f  multi-purpose passenger  c a r s  
i n  t h e  d a t a  f i l e  t o  cons ide r  them s e p a r a t e l y .  
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PRELIMINARY ANALYSIS 

The p re l imina ry  a n a l y s i s  first sought  t o  e s t a b l i s h  t h e  
r a l a t i o n s h i p  between e j e c t i o n  and seve re  i n j u r y ,  under 
A u s t r a l i a n  condi t ions .  E j e c t i o n  t h e n  became t h e  c r i t e r i o n  
v a r i a b l e  and i t s  r e l a t i o n s h i p  w i t h  s e a t  b e l t  wearing, c r a sh  
l o c a t i o n ,  c r a s h  c o n f i g u r a t i o n ,  occupant s e a t i n g  p o s i t i o n ,  and 
door  opening were i n v e s t i g a t e d .  These r e l a t i o n s h i p s  were 
then  used i n  t h e  main a n a l y s i s  where t h e  a s s o c i a t i o n  between 
e j e c t i o n  and y e a r  of manufacture w a s  considered.  

EJECTION AND I N J U R Y  SEVERITY 

Table I shows t h e  a s s o c i a t i o n  between e j e c t i o n  and 
maximum AIS o f  occupant c a s u a l t i e s .  Maximum AIS i s  now t h e  
p r e f e r r e d  whole-body i n j u r y  s e v e r i t y  measure recommended by 
t h e  American Medical A s s o c i a t i o n ’ s  j o i n t  Committee on I n j u r y  
S c a l i n g ,  r e p l a c i n g  t h e  O v e r a l l  AIS which is  considered t o o  
judgemental f o r  r e s e a r c h  purposes ( P e t r u c e l l i  e t  a1 1980). 
About 12 pe r  cen t  of t h e  c a s u a l t i e s  inc luded  i n  Table I had 
a maximum AIS of  zero.  T h i s  does no t  imply t h a t  t hey  were 
un in ju red ,  on ly  t h a t  t h e i r  i n j u r i e s  were t o o  minor t o  be 
recorded  on t h e  AIS s c a l e ,  such as some o f  t h e  i n j u r i e s  l i s t e d  
i n  t h e  General  s e c t i o n  of t h e  RTR form ( s e e  Appendix A ) .  

The a s s o c i a t i o n  between e j e c t i o n  and i n j u r y  s e v e r i t y  i n  
each of  s i x  body r eg ions  (de f ined  by Huelke e t  a1 1977b) was 
a l s o  cons idered  (Appendix B) .  Because Huelke e t  a1 (1977a) 
had i d e n t i f i e d  a p a r t i c u l a r l y  high i n j u r y  r i s k  t o  t h e  s p i n e ,  
t h e  AIS s c o r e  i n  t h i s  body r eg ion  ( t h o r a c i c  and lumbar s p i n e )  
was cons idered  e x p l i c i t l y ,  i n  a d d i t i o n .  I n j u r i e s  t o  t h e  
t h o r a c i c  and lumbar s p i n e  a r e  a l s o  inc luded  i n  t h e  tho rax  
and lower t o r s o  body r e g i o n s  i n  t h e  t a b l e s  i n  Appendix E. 

I n  each body r eg ion ,  as f o r  t h e  whole body, t h e r e  was a 
s t a t i s t i c a l l y  s i g n i f i c a n t  a s s o c i a t i o n  between e j e c t i o n  and 
i n j u r y  s e v e r i t y ,  with e j e c t e e s  being a s s o c i a t e d  with i n c r e a s e d  
i n j u r y  s e v e r i t y  i n  every  case.  How much o f  t h i s  a s s o c i a t i o n  
was due t o  e j e c t i o n  p e r  s e  o r  due t o  more s e v e r e  c ra sh  
circumstances (which, i n  t u r n ,  were a s s o c i a t e d  w i t h  e j e c t i o n )  
was no t  known a t  t h i s  s t a g e  ( s e e  page 10). 
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SEAT BELT WEARING 

The s t r o n g  r e l a t i o n s h i p  between s e a t  b e l t  wearing and 
e j e c t i o n  is  shown i n  Tabel  11. 
between e j e c t i o n  and s e a t  b e l t  type. 
a s s o c i a t i o n  between v a r i a b l e s  w a s  no t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  
t h e  d a t a  add suppor t  t o  a sugges t ion  by Walz & 
t h a t  two-point b e l t s  ( l a p  o r  d i agona l  t ype )  a r e  a s s o c i a t e d  
w i t h  h i g h e r  e j e c t i o n  r i s k  t h a n  s e a t  b e l t s  o f  more complex 
s t r u c t u r e  ( l ap / sa sh ,  ha rness ,  and c h i l d  type ) .  

Also shown is  t h e  r e l a t i o n s h i p  
While t h i s  l a t t e r  

(1979) 

CRASH LOCATION 

The e j e c t i o n  r a t e  w a s  more than  double f o r  occupant 
c a s u a l t i e s  i n  c ra shes  on t h e  open road compared w i t h  t hose  
i n  c r a s h e s  i n  b u i l t - u p  a r e a s  (Table  1111, presumably because 
of  t h e  d i f f e r e n c e  i n  t r a v e l l i n g  speed and hence i n  c ra sh  
s e v e r i t y  i n  t h e s e  two environments. It was no t  cons idered  
t o  be due t o  d i f f e r e n c e  i n  s e a t  b e l t  wearing r a t e s .  

CRASH CONFIGURATION 

A t  l e a s t  p a r t  of  t h e  d i f f e r e n c e  i n  e j e c t i o n  r a t e  between 
t h e  two c ra sh  l o c a t i o n s  i s  expla ined  by a h i g h e r  p ropor t ion  
of r o l l o v e r s  i n  open road c ra shes  and t h e  much h i g h e r  e j e c t i o n  
r a t e  a s s o c i a t e d  wi th  t h i s  event  compared t o  non-ro l lovers  
(Table  111). 

Among occupant c a s u a l t i e s  i n  non-rol lover  c r a s h e s ,  t h e r e  
w a s  n o t  a g r e a t  d e a l  of  d i f f e r e n c e  i n  e j e c t i o n  r a t e  between 
t h e  two c ra sh  environments (8.2 p e r  cen t  v e r s u s  5.4 p e r  c e n t ) ,  
bu t  t h e r e  w a s  evidence o f  s u b s t a n t i a l  d i f f e r e n c e s  as a f u n c t i o n  
of t h e  s i d e  of impact on t h e  v e h i c l e  (Table  I V ) .  
t h e  s i d e s  of t h e  v e h i c l e  were a s s o c i a t e d  wi th  h ighe r  e j e c t i o n  
r a t e s  t han  t h o s e  t o  t h e  f r o n t ,  which i n  t u r n  had a h i g h e r  
e j e c t i o n  r a t e  t han  impacts  t o  t h e  r e a r .  

Impacts t o  

SEATING POSITION 

Because of t h e  known r e l a t i o n s h i p s  between s e a t i n g  
p o s i t i o n  and s e a t  b e l t  f i t t i n g  and wearing (Boughton e t  a l ,  
i n  p r e s s ;  Cameron and Nelson 1977), t h e  a s s o c i a t i o n  between 
s e a t i n g  p o s i t i o n  and e j e c t i o n  could no t  be cons idered  
meaningful ly  wi thout  t h e  s imul taneous  c o n s i d e r a t i o n  o f  s e a t  
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b e l t  wearing (Table  V) .  Among occupant c a s u a l t i e s  who were 
not  wearing s e a t  b e l t s ,  t h e r e  w a s  a s t a t i s t i c a l l y  s i g n i f i c a n t  
( ~ ( 0 . 0 0 5 )  a s s o c i a t i o n  between s e a t i n g  p o s i t i o n  and e j e c t i o n ,  
wi th  h i g h e r  e j e c t i o n  r a t e s  f o r  d r i v e r s  and f r o n t  l e f t  passengers  
t han  o t h e r  s e a t s .  Among s e a t  b e l t  wearers t h e r e  was a l s o  a 
s t a t i s t i c a l l y  s i g n i f i c a n t  ( p <  0.005) a s s o c i a t i o n ,  wi th  a 
tendency f o r  h i g h e r  e j e c t i o n  r a t e s  i n  t h e  r e a r  s e a t s .  

There was a l s o  some evidence of a n  i n t e r a c t i o n  between 
s e a t i n g  p o s i t i o n  and s i d e  of impact i n  terms of t h e i r  
r e l a t i o n s h i p  wi th  e j e c t i o n  i n  non-ro l lover  c rashes .  
shows t h a t  unbel ted  d r i v e r s  and f r o n t  l e f t  passengers  had 
h i g h e r  e j e c t i o n  r a t e s  when t h e i r  v e h i c l e  was impacted on t h e  s i d e  
on which they  were s i t t i n g  compared w i t h  l i k e  occupants  s i t t i n g  
oppos i t e  t h e  s i d e  of impact. 
occupants t o  make meaningful comparisons of t h i s  type. 

Table V I  

There were t o o  few r e a r  outboard 

DOOR OPENING 

The s t r o n g  r e l a t i o n s h i p  between door  opening (any door  
of t h e  occupied v e h i c l e )  and e j e c t i o n  is  shown i n  T a b l e  V I I ,  
f o r  both unbe l t ed  and b e l t e d  occupant c a s u a l t i e s .  These d a t a  
i n d i c a t e  t h a t  door opening i s  a good s u r r o g a t e  f o r  occupant 
e j e c t i o n ,  bu t  o f  course  t h e  inc idence  of door  opening cannot ,  
i n  t h e  RACS data f i l e ,  be l i n k e d  t o  t h e  e j e c t i o n  r o u t e  Of 

e j e c t e d  occupants.  I n  a d d i t i o n ,  door opening occurred  wi th  
r easonab le  f requency (5.4 p e r  c e n t )  t o  t h e  v e h i c l e s  of s e a t  
b e l t e d  occupants ,  i n  c o n t r a s t  w i t h  t h e i r  e j e c t i o n  frequency 
(2.1 p e r  cen t ) .  This  means t h a t  i n  c i rcumstances where door 
opening i s  used as a n  a l t e r n a t i v e  c r i t e r i o n  f o r  e v a l u a t i n g  
t h e  e f f e c t  of ADR 2, d a t a  p e r t a i n i n g  t o  s e a t  b e l t e d  occupants  
can p l a y  a meaningful r o l e .  

However, i t  should be noted t h a t  door opening i s  n e i t h e r  
a necessary  nor  s u f f i c i e n t  c o n d i t i o n  f o r  occupant e j e c t i o n .  
There were numerous occupant c a s u a l t i e s  e j e c t e d  from v e h i c l e s  
whose doors  d i d  no t  open, and numerous occupants  no t  e j e c t e d  
even though a t  l e a s t  one door  of t h e i r  v e h i c l e  opened. 

EFFECT OF EJECTION PER SE ON I N J U R Y  SEVERITY 

An a t t empt  was made t o  e s t i m a t e  t he  e f f e c t  on i n j u r y  
s e v e r i t y  of e j e c t i o n  p e r  s e ,  i . e .  t h e  e f f e c t  o f  e j e c t i o n  ove r  
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and above t h e  i n j u r i e s  which would have been s u s t a i n e d  had 
t h e  occupant been conta ined  i n  t h e  v e h i c l e ,  a f t e r  making due 
al lowance f o r  t h e  more s e v e r e  c r a s h  c i rcumstances  normally 
a s s o c i a t e d  with e j e c t i o n ,  

I n  t h e  preceding  a n a l y s e s ,  i t  was found t h a t  t h e  f a c t o r s  
s e a t  b e l t  u se ,  c r a s h  l o c a t i o n ,  and type  of c r a s h  ( r o l l o v e r  
v e r s u s  non-ro l lover )  each have a l a r g e  e f f e c t  on t h e  e j e c t i o n  
r a t e  of occupant c a s u a l t i e s .  
(Cameron 1979a) and similar data (Kuelke 

shown t h a t  t h e s e  same t h r e e  f a c t o r s  have a s t r o n g  e f f e c t  on 
i n j u r y  s e v e r i t y  measured on t h e  AIS s c a l e .  
c a s u a l t i e s  i n  t h e  data would have been exposed, had they  been 
con ta ined ,  t o  c r a s h  c i rcumstances  l i k e l y  t o  l e a d  t o  more 
s e v e r e  i n j u r y ,  compared w i t h  non-ejected occupant c a s u a l t i e s .  

Other  s t u d i e s  of  t h e  same data 

1972) have 

Thus t h e  e j e c t e d  

These p r i o r  d i f f e r e n c e s  between e j e c t e d  and non-ejected 
c a s u a l t i e s  were c o n t r o l l e d  by comparing t h e i r  i n j u r y  s e v e r i t y  
d i s t r i b u t i o n s  on ly  i n  i d e n t i c a l  c r a sh  c i rcumstances  i n  terms 
of s e a t  b e l t  u s e ,  c r a sh  l o c a t i o n  and type  of c ra sh ,  fo l lowing  
t h e  method of Tour in  (1958). Tourin a l s o  found c ra sh  s e v e r i t y  
t o  be r e l a t e d  t o  both e j e c t i o n  rate and i n j u r y  s e v e r i t y ,  b 

d i f f e r e n c e s  i n  c r a s h  s e v e r i t y  could no t  be c o n t r o l l e d  due 
i t s  absence from t h e  data ana lysed  h e r e ,  except  c rude ly  v i ;  
t h e  r e l a t i o n s h i p  between impact speed and c ra sh  l o c a t i o n  (I-~..-- 
road ve r sus  b u i l t - u p  area). 

The observed number of e j e c t e d  c a s u a l t i e s  w i t h  s e r i o u s -  
t o - f a t a l  i n j u r i e s ,  i . e .  AIS a t  l e a s t  4 ( l i f e - t h r e a t e n i n g ,  
s u r v i v a l  p robab le ) ,  was compared w i t h  t h e  expected number 
based on t h e  d i s t r i b u t i o n  o f  maximum AIS among non-ejected 
c a s u a l t i e s  i n  i d e n t i c a l  c r a sh  circumstances (Table  V I I I ) .  
When t h e s e  observed and expected numbers were summed over  al l  
t h e  d i f f e r e n t  c r a s h  c i rcumstances ,  t h e  r a t i o  of  t h e  sums 
r e p r e s e n t s  a n  e s t i m a t e  of t h e  i n c r e a s e  i n  r i s k  of  s e r ious - to -  
f a t a l  i n j u r y  due t o  e j e c t i o n  p e r  se (Table  X ) .  Thus e j e c t e e s  
a r e  2.7 t imesmore l i k e l y  t o  s u s t a i n  s e r i o u s - t o - f a t a l  i n j u r i e s  
t h a n  i f  t h e y  remain i n  t h e  car .  Th i s  compares wi th  a r a t i o  
of  3.5 t imes  based on a crude comparison of  t h e  i n j u r y  F - - - - - ~ & -  

d i s t r i b u t i o n s  of e j e c t e d  and non-ejected occupant casua l  
from Table I. Th i s  crude r a t i o  is  i n f l a t e d  due t o  t h e  n 
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s e v e r e  c ra sh  c i rcumstances  experienced by e j e c t e e s  compared 
w i t h  non-e jec tees  i n  t h e  data. 

S ince  t h e r e  were r e l a t i v e l y  few occupant c a s u a l t i e s  wi th  
maximum AIS at  l e a s t  4, t h e  e f f e c t  of  e j e c t i o n  p e r  s e  was 
a l s o  e s t ima ted  i n  terms o f  t he  r i s k  of s e v e r e - t o - f a t a l  i n j u r i e s ,  
i . e .  AIS a t  l e a s t  3 ( n o t  l i f e - t h r e a t e n i n g )  (Tables  I X  and X ) .  
Thus e j e c t e e s  a r e  twice as l i k e l y  t o  s u s t a i n  s e v e r e - t o - f a t a l  
i n j u r i e s  t h a n  i f  t hey  remain i n  t h e  ca r .  

Cons idera t ion  of t h e  r i s k  of i n j u r y  ranging  from a lower 
l e v e l  of  s e v e r i t y  (AIS a t  l e a s t  3 ,  compared w i t h  AIS a t  l e a s t  
4)  r e s u l t e d  i n  a more s t a b l e  e s t i m a t e  of t h e  e f f e c t  o f  e j e c t i o n  

E.  This  can be s e e n  by comparing t h e  r i s k  r a t i o  f o r  
e j e c t e d  c a s u a l t i e s  who were ( former ly)  u s ing  a s e a t  b e l t  with 
t h e  r a t i o  f o r  unbel ted  e j e c t e e s ,  s i n c e  t h e  consequences of 
e j e c t i o n  would be expected t o  be t h e  same f o r  t h e s e  two t y p e s  
of occupant once they  were e j e c t e d  from t h e  c a r  (Table  X ) .  
Thus t h e  e s t i m a t e  t h a t  e j e c t i o n  p e r  s e  doubles  t h e  r i s k  of 
s e v e r e - t o - f a t a l  i n j u r y  appears  t o  be q u i t e  p r e c i s e ,  whereas 
t h e  e s t ima ted  e f f e c t  on s e r i o u s - t o - f a t a l  i n j u r y  does not .  
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TABLE I: Maximum A I S  s c o r e  of occupant c a s u a l t i e s ,  
by presence o r  absence of e j e c t i o n .  

MAXIMUM - A I S  

0 

1 

2 

3 

4 

5 
6 

TOTAL 

EJECTED 

No. 

49 
260 

80 

109 

58 

173 

28 

757 

% 

6.5 

34.3 
10.6 

14.4 

7.7 

22.9 

3.7 

100.0 

NOT EJECTED 

No. 

99 1 

41 47 

1033 

856 

254 

437 

62 

7780 

% 

12.7 

53.3 

13.3 

11.0 

3.3 

5.6 

0.8 

100.0 

Chi-square t e s t  f o r  d i f f e r e n c e  i n  i n j u r y  d i s t r i b u t i o n s :  
X z  = 459.6 ( p <  0.0001) 

7 
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TABLE 11: E j e c t i o n  r a t e  by s e a t  b e l t  wearing and 

type  of  b e l t .  

S e a t  B e l t  
Wearing and Type 

NOT WORN 

WORN 

- l ap / sa sh  

- l a p  

- d iagona l  

- ha rness  

- c h i l d  

- o t h e r  and NK 

NOT KNOWN 

TOTAL 

NOT EJECTION 
EJECTED EJECTED RATE ( % )  

458 8 6 73 12.8 

3082 65 2.1 

2659 52 1.9 

- - - - - -  - - - - -  - - - -  

301 1 1  3.5 

31 1 3* 1 

I 

7780 757 8.9 
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TABLE 111: E j e c t i o n  r a t e  by c r a s h  l o c a t i o n  and 
conf igu ra t ion .  

Crash Locat ion and NOT 
Conf igura t ion  EJECTED 

OPEN ROAD 
- Rol lover  661 

- Non-rollover 1859 
- TOTAL 2520 

BUILT-UP AREA 
- Rol lover  384 

- Non-rollover 4737 

- TOTAL 51 21 

ALL VICTORIA* 
- Rol lover  1056 

- Non-rollover 6724 

- TOTAL 7780 

EJECTION 

41 5 14.1 

59 13.3 

269 5.4 

328 6.0 

31 4 22.9 

445 6.2 

7 59 8.9 

* 
Inc ludes  153 occupants  i n  c r a s h e s  i n  unknown l o c a t i o n s .  
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TABLE I V :  E j e c t i o n  r a t e  by c r a s h  conf igu ra t ion .  

~ 

Crash Conf igura t ior  

ROLLOVER 

NON-ROLLOVER 
- F r o n t a l  

- Rear 

- Right c e n t r e  

- Right  f r o n t  

- Right r e a r  

- Lef t  c e n t r e  

- L e f t  f r o n t  

- L e f t  r e a r  

- Other  and NK 

TOTAL 

NOT 
EJECTED 

1056 

2043 

333 

506 

387 

EJECTED 

31 4 

100 

6 

46 

31 

EJECTION 
RATE ( % )  

22.9 

4.7 

1.8 

8.3 

7.4 

50 6 10.7 

713 42 5.6 

438 47 9.7 

73 7 8.8 

21 81 158 6.8 

7780 757 8.9 
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TABLE V: E j e c t i o n  r a t e  by s e a t i n g  p o s i t i o n  and s e a t  
b e l t  wearing . * 

S e a t i n g  
P o s i t  i o n  

DRIVER 

FRONT CENTRE 

FRONT LEFT 

REAR RIGHT 

REAR CENTRE 

REAR LEFT 

OTHER AND NK 

TOTAL 

BELT NOT WORN 

T o t a l  
0 c c upan t 

C a s u a l t i e s  

229 1 

325 

1316 

450 

223 

496 

160 

526 1 

EJECTION 
RATE ( % )  

14.0 

9.5 

13.1 

10.4 

9.4 

9.1 

21.9 

12.8 

BELT WORN 

T o t a l  
Occupant 

C a s u a l t i e s  

1986 

23 

io40 

39 

14 

45 
0 

3082 

~ 

EJECTION 
RATE ( % I  

1.8 

0.0 

2.2 

7.7 

14.3 

2.2 

- 

2.1 

* 
Table  excludes 129 occupants  f o r  whom s e a t  b e l t  use w a s  unknown. 
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TABLE V I :  E j e c t i o n  r a t e s  (%)  of unbel ted  occupant c a s u a l t i e s  
involved  i n  non-ro l lover  c r a s h e s ,  by s e a t i n g  
p o s i t i o n  and s i d e  of impact. 
(Number o f  occupant c a s u a l t i e s  on which e j e c t i o n  
r a t e  based shown i n  b racke t s . )  

S e a t i n g  
P o s i t i o n  

DRIVER 

FRONT CENTRF: 

FRONT LEFT 

REAR RIGHT 

REAR CENTFZ 

REAR LEFT 

OTHER AND NK 

TOTAL 

S ide  of Impact 

FRONTAL 
OR REAR 

6.8 
(724) 

4.4 
(89) 

7.5 
(373) 

5.9 
( 1  19) 

2.4 
(42) 

1.8 
( 1  12) 

15.1 
(33) 

RIGHT 
S I D E  

12.1 
(603) 

Non-rollovers) 

LEFT 
SIDE 

8.7 
(263 1 
11.2 

(54) 

12.6 
(230) 

10.6 
(76) 

4.4 
(45) 

8.6 
(105) 

16.6 
(12)  

10.1 
(785) 

OTHER 
AND NIi 

9.3 
(1511) 
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TABLE V I I :  E j e c t i o n  r a t e  by s e a t  b e l t  wearing and t h e  
inc idence  of door opening. 

BELT NOT WORN 
- Doors opened 

- Doors d i d  not  open 

BELT WORN 
- Doors opened 

ALL OCCUPANTS 
- Doors opened 

* 
Inc ludes  129 occupants  f o r  whom s e a t  b e l t  use was unknown. 
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TABLE 1X:Observed and expected f r equenc ie s  of  e j e c t e d  c a s u a l t i e s  

wi th  maximum AIS a t  l e a s t  3, by s e a t  b e l t  use and 
c ra sh  l o c a t i o n  and type. 

; e a t  B e l t  Wearing 

:rash Locat ion 

:rash Type 

NOT EJECTED EJECTED 

T o t a l  
0c c upant 

:asualt ieE 

’ct. w i t k  
Maximum 
AIS >/ 3 

T o t a l  
Occupant 

Z a s u a l t i e s  

To. w i t 1  
.laximum 
11s 2 3 

:xpec t e  
Jo.* w i t  
laximum 
LIS>/ 3 

~ 

io52 
36 1 

2869 
21 7 

81 
8 

. BELT NOT WORN 
l a )  OPEN ROAD 

Non-rollover 
Rol lover  

( b )  BUILT-UP AREA 
Non-rollover 
Rol lover  

( c )  LOCATION NK 
Non-rollover 
Rol lover  

lot Worn S u b t o t a l  

h. BELT WORN 
(a )  OPEN ROAD 

Non-rollover 
Rol lover  

( b )  BUILT-UP AREA 
Non-rollover 
Rol lover  

( c )  LOCATION NK 
Non-ro l l o v e  r 
Rollover  

lorn S u b t o t a l  

88 
126 

71 
27 

6 
2 

31 * 4  
27.1 

15.7 
13.8 

21 .o 
12.5 

142 
222 

240 
56 

7 
6 

44.6 
60.2 

37.7 
7.7 

1.5 
0.8 

4588 20.2 673 320 152.4 

5.4 
5.8 

2.6 
0.4 

0.0 
0.7 

16 
24 

21 
3 

0 
1 

745 
29 1 

1835 
164 

44 
3 

8 
15 

5 
1 

0 
0 

34.0 
24.1 

12.2 
14.0 

20.5 
66.7 

18.8 3082 65 29 14.9 

8.4 
1.6 

7.8 
0.0 

0.0 
0.0 

62 
9 

33 
3 

3 
0 

8. BELT USE NK 
(a) OPEN ROAD 

Non-rollover 
Rol lover  

J b )  BUILT-UP AREA 
Non-rollover 
Rol lover  

( c )  LOCATION NK 

Non-rollover 
Rol lover  

93.5 
77.8 

97.0 
100.0 

66.7 
0.0 

TOTAI 7780 20.7 7 57 368 185.0 
Y 

The expected number i s  based on t h e  d i s t r i b u t i o n  of maximum AIS 
among non-ejected c a s u a l t i e s .  
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TABLE & Observed and expected numbers of e j e c t e d  c a s u a l t i e s  
wi th  maximum i n j u r y  s e v e r i t y  l e v e l  a t  l e a s t  
( a )  AIS = 4, and ( b )  AIS = 3. 

NOT EJECTED (N=7780) 
( 1  ) Observed Number 

( 2 )  Percentage of To ta l  

EJECTED (N=757) 
(3) Observed Number 

( 4 )  Crude Expected Number : Nx(2)/100 
Observed 
Expected : (3 )+(4 )  (5) Crude Rat io  

( 6 )  Expected Number a f t e r  c o n t r o l l i n g  
f o r  d i f f e r e n c e s  i n  c r a sh  
circumstances (Tables  V I 1 1  and 1x1 

( 7 )  Ratio Expected : (3):(6) Observed 

(8) Observed Number by s e a t  b e l t  use 
- b e l t  no t  worn 

- b e l t  worn 

(9)  Expected Number a f t e r  c o n t r o l l i n g  
f o r  c r a sh  l o c a t i o n  and type  
- b e l t  no t  worn 

- b e l t  worn 

l o )  Ratio : ( 8 ) + ( 9 )  Observed 
Expected 

- b e l t  no t  worn 

- b e l t  worn 

Maximum 
AIS, 4 

7 55 
9.7 

259 

73.3 

3.53 

95.2 

2.72 

21 5 

25  

71.2 

7.0 

3.02 

3.57 

Maximum 
AISa 3 

1610 

20.7 

368 

156.5 

2.35 

185.0 

1-99 

320 

29 

152.4 

14.9 

2.10 

1-95 



INTRODUCTION I 
T'ne main a n a l y s i s  cons idered  t h e  r e l a t i o n s h i p  between 

yea r  of manufacture and ( a )  occupant e j e c t i o n  and (b )  door  
opening, i n  tu rn .  A t  times both of t h e s e  c r i t e r i a  were 
cons idered  t o g e t h e r ,  t o  g a i n  a b e t t e r  unders tanding  of any 
change i n  e j e c t i o n  pa ths  d u r i n g  l a t e r  y e a r s  o f  manufacture. 

Because of t h e  known a s s o c i a t i o n  between s e a t  b e l t  
f i t t i n g  (and hence wearing) and y e a r  of manufacture (Boughton 
and Cameron 1976; Carter 1979),  s e a t  b e l t  wearers  and non- 
wearers  were cons idered  s e p a r a t e l y ,  so far  as e j e c t i o n  w a s  
concerned. Th i s  d i v i s i o n  of t h e  a n a l y s i s  w a s  a l s o  designed 
t o  produce r e s u l t s  more meaningful i n  terms of modern v e h i c l e s ,  
s i n c e  any e f f e c t  o f  ADR 2 should be seen  a g a i n s t  a background 
of h igh  r a t e s  of s e a t  b e l t  f i t t i n g  and wearing i n  t h e s e  
v e h i c l e s .  

Rol lover  and non-ro l lover  c ra shes  were a l s o  cons idered  
s e p a r a t e l y ,  because o f  t h e  l a r g e  d i f f e r e n c e  i n  e j e c t i o n  r a t e s  
found f o r  occupant c a s u a l t i e s  involved i n  t h e s e  two t y p e s  of 
crash.  

S ince  a n t i - b u r s t  door l a t c h e s  were in t roduced  g r a d u a l l y  
i n  A u s t r a l i a n  c a r s  manufactured i n  t h e  pe r iod  from t h e  e a r l y  
1960's up t o  1970 ( a f t e r  which ADR 2 r e q u i r e d  them, a l o n g  w i t h  
o t h e r  d o o r  component improvements, t o  be f i t t e d  t o  a l l  new 
c a r s ) ,  t h e  hypo thes i s  under t e s t  w a s  t h a t  t h e r e  w a s  a 
monotonic decrease  i n  t h e  risks of e j e c t i o n  and door  opening 
w i t h  i n c r e a s i n g  y e a r  of manufacture,  ve r sus  t h e  hypo thes i s  o f  
no change i n  r isk.  Th i s  hypo thes i s  could have been t e s t e d  
by a s imple t e s t  f o r  i n e q u a l i t y  of t h e  e j e c t i o n  r a t e s  and 
door  opening r a t e s  between y e a r s  of manufacture (e.$., F l e i s s  
1973, s e c t i o n  9.1). However, s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e s  between t h e  r a t e s  could r e s u l t  f rom uncon t ro l l ed  
d i f f e r e n c e s  between v e h i c l e s  o f  d i f f e r e n t  y e a r s ,  such as 
d i f f e r e n c e s  of c r a sh  s e v e r i t y  and o t h e r  f a c t o r s  a f f e c t i n g  
e j e c t i o n  and door  opening. Accordingly,  a more s p e c i f i c  t e s t  

of t h e  hypo thes i s  of monotonic dec rease  i n  e j e c t i o n  and 



- 24 - 

I door  opening r isks  was sought  f o r  use i n  conjunct ion  wi th  t h e  
t es t  f o r  i n e q u a l i t y  of t h e  risks. 

Barlow e t  1972 g ive  a s t a t i s t i c a l  t e s t  f o r  a monotonic 
g r a d i e n t  i n  p ropor t ions ,  which is  desc r ibed  i n  s i m p l e r  terms 
by F l e i s s  (1973, s e c t i o n  9.3). The t e s t  r e q u i r e s  t h a t  t h e  
number of  occupant c a s u a l t i e s  (on which t h e  e j e c t i o n  r a t e  o r  
door opening r a t e  is  based)  i n  each v e h i c l e  y e a r  of manufacture 
group be cons t an t  i f  t h e r e  a re  more than  f o u r  such groups. 
Hence f o r  unbe l t ed  occupant c a s u a l t i e s ,  t h e  yea r  of  manufacture 
groups were chosen t o  meet t h i s  c o n d i t i o n  approximately,  
c o n s i s t e n t  wi th  o t h e r  o b j e c t i v e s  of  t h e  s t u d y  (e.g. ,  s e p a r a t e  
i d e n t i f i c a t i o n  of ADR 2 c a r s ) .  Fo r  b e l t e d  occupant c a s u a l t i e s ,  
which appeared more f r e q u e n t l y  i n  t h e  newer c a r s  compared 
wi th  t h e  unbe l t ed ,  t h i s  c o n d i t i o n  could not  be met e a s i l y .  
I n  t h i s  ca se ,  f o u r  y e a r  o f  manufacture groups were chosen and 
a n  e x a c t  v e r s i o n  of t e s t ,  which does no t  r e q u i r e  t h e  c o n d i t i o n  
t o  be s a t i s f i e d ,  w a s  used i n s t e a d  ( F l e i s s  1973). 

S ince  a number of  American r e s e a r c h e r s  had i d e n t i f i e d  a n  
i n c r e a s i n g  tendency f o r  e j e c t i o n  (if i t  took p l ace )  t o  be through 
non-door p o r t a l s  wi th  t h e  advent  of  a n t i - b u r s t  door  l a t c h e s  and 
FWSS 206, t h i s  a s p e c t  of e j e c t i o n  was a l s o  i n v e s t i g a t e d  i n  t h i s  
s tudy .  Due t o  l i m i t a t i o n s  of t h e  d a t a  c o l l e c t e d ,  t h e  c r i t e r i o n  
was l i m i t e d  t o  t h e  p r o p o r t i o n  o f  e j e c t e e s  who were e j e c t e d  from 

v e h i c l e s  recorded as having had c losed  doors. I n  t h i s  ca se ,  
a t es t  f o r  a monotonic i n c r e a s e  i n  t h e  p ropor t ion  was made 
us ing  t h e  same methods of B a r l o w  e t  a1 (1972) desc r ibed  above. 

UNBELTED OCCUPANTS I N  ROLLOVER CRASHES 

There was s t a t i s t i c a l l y  s i g n i f i c a n t  evidence of 
i n e q u a l i t i e s  r e l a t e d  t o  t h e  v e h i c l e  yea r  of manufacture f o r  
t h e  e j e c t i o n  r a t e ,  door  opening r a t e ,  and p ropor t ion  of 
e j e c t e e s  wi th  c losed  doors  i n  t h e  case  of unbel ted  occupant 
c a s u a l t i e s  involved i n  r o l l o v e r s  (Table  X I ) .  However, t h e r e  
was no s t a t i s t i c a l l y  s i g n i f i c a n t  evidence of g r a d i e n t s  i n  
t h e s e  r a t e s  o r  p ropor t ion  i n  t h e  hypothes ised  d i r e c t i o n s .  

I 

For  t h e s e  occupant c a s u a l t i e s ,  t h e  i n t e r a c t i o n  between 
yea r  of manufacture and c r a s h  l o c a t i o n  was s t a t i s t i c a l l y  
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s i g n i f i c a n t ,  bu t  t h a t  between v e h i c l e  y e a r  and occupant 
s e a t i n g  p o s i t i o n  w a s  no t  (Table  X I I ) .  Unbelted c a s u a l t i e s  
involved  i n  r o l l o v e r s  i n  t h e  l a t e r  model cars  were more 
l i k e l y  t o  have crashed on t h e  open road than  l i k e  occupants  
of o l d e r  model cars .  

S ince  occupants  c a s u a l t i e s  involved i n  r o l l o v e r s  on t h e  
open road were more than  twice  as l i k e l y  t o  have been e j e c t e d  
than  those  i n  r o l l o v e r s  i n  b u i l t - u p  a r e a s  (Table  III), t h e  
above i n t e r a c t i o n  may have c o n t r i b u t e d  t o  t h e  apparent  absence 
of a dec reas ing  g r a d i e n t  i n  e j e c t i o n  r a t e  with i n c r e a s i n g  
v e h i c l e  y e a r  (Table  X I ) .  
i n  c r a shes  on t h e  open road  and i n  b u i l t - u p  a r e a s  were 
cons idered  s e p a r a t e l y ,  t h e r e  was no s t a t i s t i c a l l y  s i g n i f i c a n t  
evidence of a dec reas ing  g r a d i e n t  i n  e j e c t i o n  r a t e  i n  e i t h e r  
case  (Table  X I I I ) .  

However, when c a s u a l t i e s  involved  

UNBELTED OCCUPANTS I N  NON-ROLLOVER CRASHES 

I n  t h e  case  o f  unbel ted  occupant c a s u a l t i e s  involved i n  
non-rol lover  c r a s h e s ,  t h e r e  w a s  s t a t i s t i c a l l y  s i g n i f i c a n t  
evidence of dec reas ing  g r a d i e n t s  i n  t h e  e j e c t i o n  r a t e  and 
door  opening rate,  and o f  a n  i n c r e a s i n g  g r a d i e n t  i n  t h e  
p ropor t ion  of e j e c t e e s  who were e j e c t e d  from v e h i c l e s  w i t h  
c losed  doors  (Table  X I V ) .  

F o r  t h e s e  occupant c a s u a l t i e s ,  t h e  i n t e r a c t i o n s  between 
v e h i c l e  yea r  and ( a )  occupant s e a t i n g ,  
and ( c )  s i d e  of impact ,  were a l l  s t a t i s t i c a l l y  s i g n i f i c a n t .  
Unbelted c a s u a l t i e s  involved  i n  non-ro l lover  c ra shes  i n  t h e  
l a t e r  model c a r s  were more l i k e l y  t o  have c rashed  on t h e  
open road and l e s s  l i k e l y  t o  have occupied f r o n t  s e a t s  o r  
v e h i c l e s  impacted i n  t h e  s i d e  t h a n  l i k e  occupants  of o l d e r  
c a r s  (Tables  XV and X V I ) .  While occupant c a s u a l t i e s  involved 
i n  non-rol lover  c ra shes  on t h e  open road had h i g h e r  e j e c t i o n  
r a t e s  t han  occupants  i n  l i k e  c r a s h e s  i n  b u i l t - u p  a r e a s  
(Table  III), and e j e c t i o n  ra tes  were h i g h e r  i n  f r o n t  s e a t s  
compared wi th  r e a r  s e a t s  f o r  t h e  unbel ted  (Table  V )  and h i g h e r  
i n  s i d e  impacts  compared w i t h  o t h e r  impacts  (Table  I V ) ,  t h e s e  
d i f f e r e n c e s  were marginal.  These marginal  d i f f e r e n c e s  i n  
e j e c t i o n  r a t e ,  coupled w i t h  t h e  d i r e c t i o n s  of t h e  i n t e r a c t i o n s  

( b )  c r a sh  l o c a t i o n ,  
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i d e n t i f i e d  above, were cons idered  t o  be i n s u f f i c i e n t  t o  
i n v a l i d a t e  t h e  dec reas ing  g r a d i e n t  i n  e j e c t i o n  r a t e  found i n  
Table  XIV.  

EELTED OCCUPANTS I N  ROLLOVER CMSI-IES 

A s  w i t h  unbel ted  occupant c a s u a l t i e s  i n  r o l l o v e r s ,  
b e l t e d  c a s u a l t i e s  i n  c r a s h e s  o f  t h e  same type  d i sp layed  no 
s t a t i s t i c a l l y  s i g n i f i c a n t  evidence o f  dec reas ing  g r a d i e n t s  
i n  e j e c t i o n  r a t e  o r  door opening r a t e  (Table XVII). (The 
apparent  i n c r e a s i n g  g r a d i e n t  i n  e j e c t i o n  r a t e  was not  t e s t e d  
f o r  s t a t i s t i c a l  s i g n i f i c a n c e  i n  t h e  d i r e c t i o n  of a n  i n c r e a s e  
as t h i s  would have been i n c o n s i s t e n t  w i t h  t h e  hypothes ised  
e f f e c t  of a n t i - b u r s t  door  l a t c h e s  and ADR 2; t h e  observed 
i n c r e a s e  may have been due t o  uncon t ro l l ed  f a c t o r s  i n  t h e  
a n a l y s i s ,  such as c ra sh  s e v e r i t y ) .  However, t h e r e  was 
s t a t i s t i c a l l y  s i g n i f i c a n t  evidence of a n  i n c r e a s i n g  g r a d i e n t  
i n  t h e  p ropor t ion  of e j e c t e e s  who were e j e c t e d  from v e h i c l e s  
w i t h  c losed  doors. 

Again as wi th  unbe l t ed  occupant c a s u a l t i e s ,  t h e  b e l t e d  
c a s u a l t i e s  d i sp l ayed  a s t a t i s t i c a l l y  s i g n i f i c a n t  i n t e r a c t i o n  
between v e h i c l e  y e a r  and c ra sh  l o c a t i o n  (Table XVIII). 
S ince  b e l t e d  c a s u a l t i e s  involved i n  r o l l o v e r s  i n  t h e  l a t e r  
model cars  were more l i k e l y  t o  have c rashed  on t h e  open road 
than  l i k e  occupants  of o l d e r  model c a r s ,  t h e  h i g h e r  e j e c t i o n  
r a t e  i n  t h i s  c r a sh  environment may have c o n t r i b u t e d  t o  t h e  
apparent  absence of a decrease  and t h e  presence  of a n  i n c r e a s e  
i n  t h e  g r a d i e n t  i n  e j e c t i o n  r a t e  wi th  i n c r e a s i n g  v e h i c l e  
y e a r  (Table  XVII). However, t h e r e  was no s t a t i s t i c a l l y  
s i g n i f i c a n t  evidence o f  a dec reas ing  g r a d i e n t  i n  t h e  e j e c t i o n  
rate f o r  b e l t e d  c a s u a l t i e s  i n  r o l l o v e r s  e i t h e r  on t h e  open 
road  o r  i n  b u i l t - u p  a r e a s  (Table  X I X ) .  

BELTED OCCUPANTS I N  NON-ROLLOVER CRASHES 

A s  wi th  unbel ted  occupant c a s u a l t i e s  from c rashes  of  t h e  
same type ,  t h e  b e l t e d  c a s u a l t i e s  i n  non-ro l lover  c ra shes  
d i sp layed  s t a t i s t i c a l l y  s i g n i f i c a n t  evidence of  dec reas ing  
g r a d i e n t s  i n  t h e  e j e c t i o n  r a t e  and door  opening r a t e  ( T a b l e  X X ) .  
However, t h e  i n c r e a s i n g  g r a d i e n t  i n  t he  p ropor t ion  of e j e c t e e s  
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wi th  c losed  doors  was not  s t a t i s t i c a l l y  s i g n i f i c a n t .  

F o r  t h e s e  occupant c a s u a l t i e s ,  t h e  i n t e r a c t i o n s  between 
v e h i c l e  yea r  and ( a )  occupant s e a t i n g  p o s i t i o n ,  and ( b )  c ra sh  
l o c a t i o n ,  were both s t a t i s t i c a l l y  s i g n i f i c a n t  (Table X X I ) ,  
but  t h e  i n t e r a c t i o n  with s i d e  of impact w a s  no t  (Table  X X I I ) .  
Be l ted  c a s u a l t i e s  involved i n  non-ro l lover  c r a s h e s  i n  t h e  
l a t e r  model c a r s  were more l i k e l y  t o  have crashed on t h e  open 
road and t o  have occupied r e a r  s e a t s .  E leva ted  e j e c t i o n  r a t e s  
were known t o  be a s s o c i a t e d  wi th  non-rol lover  c ra shes  on t h e  
open road compared with i n  b u i l t - u p  areas (Table  111) and,  
f o r  s e a t  b e l t  wearers ,  wi th  r e a r  s e a t  occupancy compared wi th  
t h e  f r o n t  s e a t i n g  p o s i t i o n s  (Table  V ) .  However, t h e  d i r e c t i o n s  
of t h e  i n t e r a c t i o n s  i d e n t i f i e d  above were such t h a t  t h e s e  
e l e v a t e d  e j e c t i o n  r a t e s  could only  t end  t o  nega te ,  and no t  
i n v a l i d a t e ,  t h e  dec reas ing  g r a d i e n t  i n  e j e c t i o n  r a t e  found 
i n  Table  XX. 

DOOR OPENING I N  ROLLOVER CRASHES 

I n  t h i s  and t h e  fo l lowing  s e c t i o n ,  b e l t e d  and unbel ted  
occupant c a s u a l t i e s  were pooled and t h e  r e l a t i o n s h i p  between 
yea r  of manufacture and door  opening was considered.  The 
pooled d a t a  a l lowed more s e n s i t i v e  i n v e s t i g a t i o n s  of t h i s  
r e l a t i o n s h i p  compared with t h e  i n v e s t i g a t i o n s  based on unbel ted  
and b e l t e d  c a s u a l t i e s  s e p a r a t e l y .  However, t h e  pooled d a t a  
could no t  be used t o  s tudy  t h e  r e l a t i o n s h i p  between e j e c t i o n  
and v e h i c l e  y e a r  as t h e  a s s o c i a t i o n  between t h e s e  two v a r i a b l e s  
i n  t h e  pooled d a t a  would be d i s t o r t e d  by t h e  h i g h e r  s e a t  b e l t  
wearing r a t e s  i n  t h e  newer c a r s  and t h e  known dependence o f  
e j e c t i o n  on s e a t  b e l t  use. 

For a l l  occupant c a s u a l t i e s  involved i n  r o l l o v e r s ,  t h e r e  
was no s t a t i s t i c a l l y  s i g n i f i c a n t  evidence of a dec reas ing  
g r a d i e n t  i n  t h e  door opening r a t e  with i n c r e a s i n g  v e h i c l e  
y e a r  (Table  XXIII). It should be r e c a l l e d  a t  t h i s  s t a g e ,  t h a t  
due t o  t h e  manner i n  which d a t a  were recorded on t h e  Road 
Crash Report (Appendix A), t h e  inc idence  of d o o r  opening 
(any door of t h e  occupied v e h i c l e )  r e l a t e s  t o  t h e  v e h i c l e  

occupied and hence i s  recorded  i d e n t i c a l l y  f o r  a l l  occupant 
c a s u a l t i e s  from t h e  same veh ic l e .  Hence v e h i c l e s  wi th  more 
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than  one occupant c a s u a l t y  a r e  recorded  more t h a n  once i n  
t h e  f irst  two columns of Table  X X I I I .  The frequency of t h i s  
m u l t i p l e  r eco rd ing  is  no t  known, as i t  i s  no t  p o s s i b l e  t o  

f i l e ,  which i s  occupant-centred.  
I un ique ly  i d e n t i f y  i n d i v i d u a l  v e h i c l e s  i n  t he  MCS matched 

One s o l u t i o n  t o  t h i s  problem is  t o  c o n s i d e r  on ly  d r i v e r  
c a s u a l t i e s  i n  t h e  da ta .  T h i s  avo ids  m u l t i p l e  count ing  of 
v e h i c l e s ,  bu t  e f f f e c t i v e l y  i g n o r e s  t h o s e  v e h i c l e s  whose 
d r i v e r s  were no t  i n j u r e d  and recorded  i n  t h e  matched f i l e .  
However, c o n s i d e r a t i o n  o f  d r i v e r  c a s u a l t i e s  a lone  meant t h a t  
t h e i r  door  opening r a t e s  were c l o s e r  t o  being based on 
independent even t s  ( t h e  c r a s h e s ) ,  and hence more c l o s e l y  
s a t i s f y i n g  one of t h e  c o n d i t i o n s  f o r  v a l i d i t y  of t h e  s t a t i s t i ca l  
t e s t s .  

I n  t h e  event  when d r i v e r  c a s u a l t i e s  on ly  were considered,  
t h e r e  was st i l l  no s t a t i s t i c a l l y  s i g n i f i c a n t  evidence of a 
dec reas ing  g r a d i e n t  i n  door  opening r a t e  (Table  XXIII). The 
p a t t e r n  of  door opening r a t e s  based on d r i v e r s  on ly  w a s  similar 
t o  t h a t  based on a l l  occupant c a s u a l t i e s .  

S ince  a s t a t i s t i c a l l y  s i g n i f i c a n t  i n t e r a c t i o n  between 
t h e  c r a s h  l o c a t i o n  and y e a r  o f  manufacture of v e h i c l e s  involved 
i n  r o l l o v e r s  w a s  i d e n t i f i e d  f o r  unbe l t ed  and b e l t e d  c a s u a l t i e s  
s e p a r a t e l y  (Tables  X I 1  and XVIII), t h e  evidence f o r  a dec reas ing  
g r a d i e n t  i n  door opening r a t e  was examined f o r  each c r a s h  
l o c a t i o n  i n d i v i d u a l l y  (Table  X X I V ) .  There w a s  no s t a t i s t i c a l l y  
s i g n i f i c a n t  evidence of a dec reas ing  g r a d i e n t  i n  t h e  door  
opening r a t e  o f  v e h i c l e s  occupied by d r i v e r  c a s u a l t i e s  from 
c r a s h e s  e i t h e r  on t h e  open road o r  i n  b u i l t - u p  a r e a s .  

DOOR OPENING I N  NON-ROLLOVER CRASHES 

I n  non-ro l lover  c r a s h e s ,  t h e r e  w a s  s t a t i s t i c a l l y  
s i g n i f i c a n t  evidence o f  a dec reas ing  g r a d i e n t  i n  t h e  door 
opening r a t e  when a l l  occupant c a s u a l t i e s  were cons idered  
and when d r i v e r  c a s u a l t i e s  a lone  were cons idered  (Table  XXV). 
These f i n d i n g s  confirmed para l le l  f i n d i n g s  when unbel ted  and 
b e l t e d  c a s u a l t i e s  involved  i n  non-rol lover  c r a s h e s  were 
s t u d i e d  s e p a r a t e l y  (Tables  X I V  and XX). 
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A s  w i t h  r o l l o v e r  c r a s h e s ,  s t a t i s t i c a l l y  s i g n i f i c a n t  

i n t e r a c t i o n s  between t h e  c ra sh  l o c a t i o n  and y e a r  of manufacture 
of v e h i c l e s  involved  i n  non-ro l lover  c r a s h e s  had been 
i d e n t i f i e d  f o r  unbel ted  and b e l t e d  c a s u a l t i e s  s e p a r a t e l y  
(Tables  XV and XXI). While t h e  common d i r e c t i o n  of t h e s e  
i n t e r a c t i o n s  would have tended t o  nega te  t h e  dec reas ing  g r a d i e n t  
i n  door  opening r a t e  found i n  Table  XXV, i t  was cons idered  
i n s t r u c t i v e  t o  examine door  opening rates i n  t h e  two c r a s h  
l o c a t i o n s  s e p a r a t e l y .  I n  t h e  even t ,  t h e r e  were s t a t i s t i c a l l y  
s i g n i f i c a n t  dec reas ing  g r a d i e n t s  i n  t h e  d o o r  opening r a t e s  
of v e h i c l e s  occupied by d r i v e r  c a s u a l t i e s  from c rashes  i n  
each c ra sh  environment (Table  X X V I ) .  

The a v a i l a b i l i t y  o f  t h e  pooled d a t a  on non-rol lover  
c ra shes  meant t h a t  a meaningful s t u d y  could be made of door 
opening r a t e s  and t h e i r  g r a d i e n t s  ( i f  any)  as a f u n c t i o n  of 
t h e  c ra sh  conf igu ra t ion .  There were s t a t i s t i c a l l y  s i g n i f i c a n t  
dec reas ing  g r a d i e n t s  i n  t h e  door opening r a t e s  of v e h i c l e s  
impacted i n  t h e  ends ( f r o n t  o r  r e a r )  o r  t h e  s i d e ,  but  o n l y  
weakly s t a t i s t i c a l l y  s i g n i f i c a n t  evidence of such a g r a d i e n t  
among v e h i c l e s  impacted i n  o t h e r  ( i . e .  more t h a n  one l o c a t i o n )  
and unknown l o c a t i o n s  (Table  X X V I I ) .  
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TABLE X I :  Unbelted occupant c a s u a l t i e s  i n  r o l l o v e r s .  

E j e c t i o n  r a t e ,  door opening r a t e ,  and p ropor t ion  
of  e j e c t e e s  whose v e h i c l e s  had c losed  doors ,  
by y e a r  of  manufacture. 

Year of 
Manufacture 

UP TO 1959 

1960-62 

1963-64 

1965-66 

1967-68 

1969-70 

1971 -74 
. - - - - - -  
NOT KNOWN 

TOTAL 

T o t a l  
Occupant 

Zasua l t i e s  

133 

137 

1 1 3  

131 

1 1 1  

122 

1 1 1  - - - - -  
12 

870 

DOOR 
EJECTION OPENING 
RATE ( % I  RATE (%I 

32-3 15.0 

40.8 32.8 

24.8 18.6 

27.5 23.7 

36.9 33.3 
23.0 22.2 

44.1 29.7 

25.0 0.0 

32.6 24.6 

I - - - - - -  - - - - -  

E JECTEES 
WITH CLOSED 

DOORS ( % )  

54 

44 

42 

E j e c t i o n  r a t e s  
T e s t  f o r  i n e q u a l i t y  of  r a t e s :  x6 = 21.77 (p<O.002) 

T e s t  f o r  dec reas ing  g r a d i e n t :  ft2 - 

Door oDeninE r a t e s  
T e s t  f o r  i n e q u a l i t y  o f  r a t e s :  x6 = 20.15 (p<0.003) 

T e s t  f o r  dec reas ing  g r a d i e n t :  !f2 - 0.0 ( P 7  0.1) 

P r o a o r t i o n  of e . iectees  w i t h  c losed  doors  
Tes t  f o r  i n e q u a l i t y  of p ropor t ions :  X g  = 14.44 ( P < O . O 3 )  

T e s t  f o r  i n c r e a s i n g  g r a d i e n t :  2; = 0.31 ( p 7  0.1) 

2 

3.02 ( p >  0.1) 7 -  

2 

7 -  



- 31 - 

TABLE X I I :  Unbelted occupant c a s u a l t i e s  i n  r o l l o v e r s .  
D i s t r i b u t i o n s  by s e a t i n g  p o s i t i o n  and c rash  
l o c a t i o n ,  by y e a r  of manufacture. 

Year of 
Manufacture 

UP TO 1959 

1960-62 

1963-64 
1965-66 

1967-68 

1969-70 

1971 -74 
_ - - - - - - I  

NOT KNOWN 

TOTAL 

SEATING ms IT ION* 

70.0 

75.2 

73.5 

67.9 
64.0 

64.8 

78.4 - - - - -  
41 e7 

70.1 

24.8 

18.2 

21.2 

26.0 

31 e 5  

26.2 

15.3 

25.0 

23.3 

CRASH LOCATION** 

OPEN BUILT-UP 
ROAD (%I  AREA (%)  

63.2 35.3 

65.0 31 - 4  

78.8 19.5 

51 - 9  47.3 

66.7 32- 4 

73.0 27.0 

77.5 19.8 

33.3 66.7 

- - - - -  - - - - .  

67.0 I 31.4 

Note: Pe rcen tages  do not  n e c e s s a r i l y  add t o  100 p e r  c e n t .  

Excludes 57 occupants  w i th  unknown s e a t i n g  p o s i t i o n .  
Excludes 14 occupants  involved  i n  c r a s h e s  i n  unknown 
l o c a t i o n s .  

* 

** 

T e s t s  f o r  i n t e r a c t i o n  w i t h  Year of manufacture 
( a )  S e a t i n g  P o s i t i o n :  X g  = 11.67 ( p 7  0.05) 
( b )  Crash Locat ion:  X g  = 31.50 (p40.0001 ) 
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TABLE X I I I :  Unbelted occupant c a s u a l t i e s  i n  r o l l o v e r s .  
E j e c t i o n  r a t e  by yea r  of manufacture and 
c ra sh  l o c a t i o n  . * 

Year of 
Manufacture 

I OPEN ROAD 

T o t a l  
Occupant 

C a s u a l t i e s  

UP TO 1959 

1960-62 

1963-64 

1965-66 

1967-68 

1969-70 

1971 -74 - - - - - -  
NOT KNOWN 

84 

89 

89 

68 

74 

89 
86 

4 

. - - - -  

TOTAL I 583 

EJECTION 
RATE (%I  

39.3 

49.4 

25.8 

41 e 2  

39.2 

25.8 

48.8 

0.0 

. - - - -  

38.1 

BUILT-UP 

T o t a l  
Occupant 
: a s u a l t i e s  

47 

43 

22 

62 

36 

33 
22 - - - - -  
8 

273 

21.3 

20.9 

22.7 

12.9 

30.6 

15.2 

22.7 

37.5 

20.5 

. - - - - -  

Table  excludes I 4  occupants  involved  i n  c ra shes  i n  unknown 
l o c a t i o n s .  

E i e c t i o n  ra tes  i n  open road c r a s h e s  

T e s t  f o r  i n e q u a l i t y  of r a t e s :  x6 = 20.69 (p<0.003)  

T e s t  f o r  dec reas ing  g r a d i e n t :  F; = 3.97 ( p ~ 0 . 0 1 )  

E i e c t i o n  r a t e s  i n  c ra shes  i n  b u i l t - u p  a r e a s  
Tes t  f o r  i n e q u a l i t y  o f  r a t e s :  x6 = 5.22 ( p 7  0.5) 

T e s t  f o r  dec reas ing  g r a d i e n t :  x;  = 0.28 (p ,O. l )  

2 

2 
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TABLE XIV:  Unbelted occupant c a s u a l t i e s  i n  non-rol lover  c ra shes .  

E j e c t i o n  r a t e ,  door opening r a t e ,  and p ropor t ion  of 
e j e c t e e s  whose v e h i c l e s  had c losed  doors ,  by 
y e a r  of  manufacture, 

Year o f  
Nanufacture 

UP TO 1959 

1960-62 

1963-64 

1965-66 

1967-68 

1969-70 

1971 -74 
. - - - - - -  
NOT KNOWN 

TOTAL 

~~ 

T o t a l  
Occupant 
: a s u a l t i e s  

582 

558 
680 

687 

682 

662 

492 

48 

- - - - -  

4391 

EJECTION 
RATE ( % I  

12.4 

13.2 

10.7 

6.0 

7.2 

5.8 

7.7 

8.3 

_ - - - -  

8.9 

9.1 

12.3 

10.4 

8.2 

4.8 

5.3 

4.9 

6.3 

- - - - -  

7.8 

EJECTEES 
BITH CLOSE 
DOORS ( % )  

60 

57 

47 

59 

73 

71 

76 

50 

. - - - - .  

61 

E j e c t i o n  ra tes  
T e s t  f o r  i n e q u a l i t y  o f  rates: X g  = 43.47 (pCO.0001) 

T e s t  f o r  dec reas ing  g r a d i e n t :  X7 = 41.24 ( ~ < 0 . 0 0 5 )  

Door oaeninp r a t e g  
Tee t  f o r  i n e q u a l i t y  o f  rates: x6 = 43.96 (p<0.0001)  

T e s t  f o r  dec reas ing  g r a d i e n t :  x$ = 34.55 (pcO.005)  

ProDortion of e i e c t e e s  wi th  c losed  doors 
Tes t  f o r  i n e q u a l i t y  o f  propor t ions :  XE = 15.67 ( p < O . O 2 )  

T e s t  f o r  i n c r e a s i n g  g r a d i e n t :  ?$ = 12.70 ( p <  0.005) 

-2 

2 
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TABLE XV: Unbelted occupant c a s u a l t i e s  i n  non-ro l lover  c rashes .  
D i s t r i b u t i o n s  by s e a t i n g  p o s i t i o n  and c r a s h  
l o c a t i o n ,  by y e a r  of manufacture. 

I SEATING POSITION* 

Year of 
Manufacture 

UP TO 1959 

1960-62 

1963-64 

1965-66 

1967-68 

1969-70 

1971 -74 - - - - - -  
NOT KNOWN 

FRONT 

( % )  

77.8 
78.3 

78.7 

76.4 

75.5 

70.1 

73.2 

68.8 

- - - - .  

TOTAL I 75.7 

REAR 
( % )  

18.9 

20.1 

19.4 

20.7 

22.1 

28.9 

23.8 

22.9 

- - - - _  

22.0 

CRASH LOCATION** 

OPEN 
ROAD (%I 

23.0 

25.8 

27.2 

22.7 

30.2 

30.7 

31.7 

20.8 

- - - - -  

BUILT-UP 
AREA (%)  

74.2 

72.6 

70.6 

76.0 

67.9 

66.7 

67.1 - - - - -  
75.0 

27.2 1 70.8 
I - Note: Percentages  do n o t  n e c e s s a r i l y  add t o  100 pe r  cent .  

* 
Excludes 103 occupants  w i th  unknown s e a t i n g  p o s i t i o n .  

Excludes 88 occupants  involved  i n  c r a s h e s  i n  unknown 
l o c a t i o n s .  

** 

Tes t s  f o r  i n t e r a c t i o n  w i t h  year of  manufacture 
( a )  S e a t i n g  P o s i t i o n :  X z  = 25.39 (p<O.OOO5) 

7 

(b )  Crash Locat ion:  x6 2 = 25.12 ( p ~ o . 0 0 0 5 )  
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TABLE XVI: Unbelted occupant c a s u a l t i e s  i n  non-rol lover  
crashes.  
and yea r  of manufacture. 

D i s t r i b u t i o n  by s i d e  of impact 

Year of 
Manufacture 

UP TO 1959 

1960-62 

1963-64 

1965-66 

1967-68 

TOTAL 

SIDE OF IMPACT 

29.9 

30.1 

33.1 

36.5 

35.3 

38.4 

34.3 

20.8 

- - - -  

34.0 

33.8 

35.1 

32.4 

31 - 7  

31.4 

29.5 

27.6 - - - -  
25.0 

31.6 

OTHER 
AND NK 

( % )  

36.3 

34.8 

34.6 

31 - 7  

33.3 
32.2 

38.0 - - - -  
54.2 

34.4 

Tes t  f o r  i n t e r a c t i o n  between s i d e  of impact and 
yea r  of manufacture: X 1 2  = 22.57 ( P <  0.05) 
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TABLE XVIII: Be l t ed  occupant c a s u a l t i e s  i n  r o l l o v e r s .  
D i s t r i b u t i o n s  by s e a t i n g  p o s i t i o n  and 
c r a s h  l o c a t i o n ,  by y e a r  of  manufacture. 

SEATING I 

* 
Excludes 4 occupants  involved  i n  c ra shes  i n  unknown 
l o c a t i o n s .  

T e s t s  f o r  i n t e r a c t i o n  wi th  s e a r  of manufacture 
2 (a )  S e a t i n g  P o s i t i o n :  X 3  = 2.00 (p.0.5) 

(b )  Crash Locat ion:  X - 11.84 ( ~ 4 0 . 0 1 )  2 
3 -  
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TABLE XIX:  Be l t ed  occupant c a s u a l t i e s  i n  r o l l o v e r s .  
E j e c t i o n  r a t e  by y e a r  of manufacture and 
c ra sh  l o c a t i o n  . * 

OPEN ROAD BUILT-UP AREA 

T o t a l  T o t a l  
Year of Occupant EJECTION Occupant EJECTION 

Fanufac ture  C a s u a l t i e s  RATE ( 9 6 )  C a s u a l t i e s  RATE (%)  

UP TO 1964 64 4.7 52 0.0 

1965-68 82 2.4 50 2.0 

1969-70 63 6.3 31 3.2 

1971 -74 1 03 14.6 34 2.9 - - - - - - - - - - -. - - - - - .  - - - - - - - - - - - - - -. 
NOT KNOWN 3 0.0 0 n.c. 

TOTAL 31 5 7.6 167 1.8 

* 
Table  exc ludes  4 occupants  involved  i n  c r a s h e s  i n  unknown 
l o c a t i o n s .  

n.c.: Not c a l c u l a b l e  (no occupant c a s u a l t i e s  involved)  

E j e c t i o n  r a t e s  i n  open road c r a s h e s  
T e s t  f o r  i n e q u a l i t y  of r a t e s :  X3 = 11.01 ( P <  0.05) 

Tes t  f o r  dec reas ing  g r a d i e n t :  

E j e c t i o n  rates i n  c r a s h e s  i n  b u i l t - u p  a r e a s  
Test f o r  i n e q u a l i t y  o f  r a t e s :  X3 = 1.57 ( ~ 7 0 . 6 )  

T e s t  f o r  dec reas ing  g r a d i e n t :  y$ = 0.0 ( p 7  0.1) 

2 

x4 -2 = 0.0 ( P > O . I )  

2 

. 
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TABLE XX: Be l t ed  occupant c a s u a l t i e s  i n  non-rol lover  crashes.  
E j e c t i o n  r a t e ,  door  opening rate, and p ropor t ion  of 
e j e c t e e s  whose v e h i c l e s  had c losed  d o o r s ,  by yea r  
of manufacture. 

Year of 

UP TO 1964 

1965-68 

1969-70 

1971 -74 - - - - - - -  
NOT KNOWN 

TOTAL 

524 2.3 

841 1.2 

623 1.6 

657 0.8 

16 0.0 

2661 1.4 

- - - - - - .  - - - - -  

3.6 

2.9 - - - - -  - - - - -  2'9 I I 
12.5 n.c. 

I 

3.7 65 

n.c. : Not c a l c u l a b l e  (no e j e c t e e s  invo lved)  

E.iection r a t e s  
Tes t  f o r  i n e q u a l i t y  o f  r a t e s :  x 3 =  5-42  ( P > o - 1 )  

= 0.40, c2  = 0.54 T e s t  f o r  dec reas ing  g r a d i e n t :  X c  = 4.97, C 1  

Door openinz r a t e s  
T e s t  f o r  i n e q u a l i t y  of r a t e s :  

-2 y e s t  f o r  dec reas ing  g r a d i e n t :  X4 = 7.44, C 1  = 0.40, C 2  = 0.54 

( P <  0.025) 
pro-portion of e j e c t e e s  w i t h  c losed  doors  
Tes t  f o r  i n e q u a l i t y  of p ropor t ions :  ~3 = 1-90 ( ~ 7 0 . 5 )  

2 

( P  <0.05) 

X3 2 = 7.44 (0.17 p>0.05)  

- 

2 

Tes t  f o r  i n c r e a s i n g  g r a d i e n t :  R2 - 1-90)  C 1  = 0.52, C 2  = 0.41 4 -  
( ~ 7  0.1 ) 

. 
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TABLE X X I :  Be l ted  occupant c a s u a l t i e s  i n  non-rol lover  
c rashes .  D i s t r i b u t i o n s  by s e a t i n g  p o s i t i o n  
and c ra sh  l o c a t i o n ,  by y e a r  of manufacture. 

Year of FRONT 
Nanufacture (%I  

UF TO 1964 98.7 

1965-68 98.3 

1969-70 98.1 

1971 -74 93.9 

NOT KNOWN 100.0 

TOTAL 97.3 

I - - - - - - - - - - -  

REAR 
(%)  

2.7 

OPEN 
ROAD ( % )  

28.6 

BUILT-UP 
AREA ( % )  

71 e4 

74.4 

69.7 

62.6 

68.8 
- - - - .  

69.7 

- Note: Percentages do no t  n e c e s s a r i l y  add up t o  100 per cent .  

* 
Excludes 44 occupants  involved i n  c ra shes  i n  unknown 
l o c a t i o n s .  

T e s t s  f o r  i n t e r a c t i o n  w i t h  Year o f  Ikanufacture 
(a )  S e a t i n g  P o s i t i o n :  X: = 36.45 ( p  < 0.0001 ) 

2 (b )  Crash Locat ion:  X3 = 32.15 ( p < O . O O O l )  
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TABLE XXII: Bel ted  occupant c a s u a l t i e s  i n  non-rol lover  
crashes.  D i s t r i b u t i o n  by s i d e  o f  impact ,  
by y e a r  of manufacture. 

I I SIDE OF INPACT I 
Year o f  FRONTAL 

OR REAR 
(%)  Manufacture 

1 

UP TO 1964 32.6 

1965-68 

1969-70 
1 34.4 

I 36.3 

1971 -74 - - - - - - - - -  
NOT KNOWN 

TOTAL 35.6 

LEFT OR OTHER 

j IDE (%) 
RIGHT AND N f :  

34.7 32.6 

34.7 30.9 

32.9 30.8 

Tes t  f o r  i n t e r a c t i o n  between s i d e  of impact and 
y e a r  of  manufacture: X g  = 7.22 ( ~ 7 0 . 3 )  
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TABLE X X I I I :  Door opening rates i n  r o l l o v e r s .  Be l t ed  and 
unbel ted  occupant c a s u a l t i e s  cons idered  
t o g e t h e r ,  as w e l l  as b e l t e d  and unbel ted  
d r i v e r  c a s u a l t i e s .  

Year of 
IKanuf a c  t u r e  

UP TO 1959 

1960-62 

1963-64 

1965-66 

1967-68 

1969-70 

1971 -74 - - - - - -  
NOT KNOWN 

TOTAL 

A L L  OCCUPANTS 

T o t a l  
Occupant 

Tasua l t ies  

172 

170 

158 

187 

193 
22 1 

254 

15 

1370 

DOOR 
OPENING 
RATE ( % I  

14.5 

31.8 

17.1 

20.9 

24.9 

19.9 

19.7 

0.0 

. - - - -  

20.9 

DRIVERS ONLY 

T o t a l  
Dr ive r  . 

a s u a l  t i e  s 

85 
82 

80 

94 

88 

OPENING 
RATE (%I 

23.9 

8.5 

A l l  occupants  
Tes t  f o r  i n e q u a l i t y  of  r a t e s :  x6 = 19.68 (p<0.005)  

T e s t  f o r  dec reas ing  g r a d i e n t :  2: = 
Dr ivers  only 
T e s t  f o r  i n e q u a l i t y  of  r a t e s :  x6 = 7.44 ( ~ 7 0 . 2 )  

T e s t  f o r  dec reas ing  g r a d i e n t :  X7 = 1.24 ( p 7  0 . 1 )  

2 

1.31 ( ~ 7 0 . 1 )  

2 

-2 
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TABLE XXIV: Door opening r a t e s  of d r i v e r  c a s u a l t i e s  i n  
rs, by year  of manufacture and r o l l o v e  

c r a s h  l o c a t i o n  . * 

Year of  
Manufacture 

UP TO 1959 

1960-62 

1963-64 

1965-66 

1967-68 

1969-70 

1971 -74 - - - - - -  
NOT KNOWN 

TOTAL 

OPEN ROAD 

T o t a l  DOOR 
Dr ive r  OPENING 

l a s u a l t i e s  RATE ($1 

50 

49 

53 

51 

60 

73 
1 1  1 - - - -  

2 

449 

16.0 

34.7 

17.0 

27.5 

26.7 

20.5 

18.9 

0.0 

- -  - - - -  

22.3 

BUILT-UP AREA 

T o t a l  DOOR 
Dr ive r  OPENING 

: a s u a l t i e s  RATE ( % )  

33 I 15.2 

31 22.6 

25 20.0 

9.5 

27 14.8 

35 14.3 
35 20.0 

42 

- - - - -  I 
* 
Table  exc ludes  8 d r i v e r s  involved i n  c r a s h e s  i n  unknown 
l o c a t i o n s .  

Door opening r a t e s  i n  open road c r a s h e s  
T e s t  f o r  i n e q u a l i t y  of rates: X6 = 8.64 ( ~ 7 0 . 1 )  

T e s t  f o r  dec reas ing  g r a d i e n t :  R: = 1.56 ( p 7  0.1) 

Door opening r a t e s  i n  c ra shes  i n  b u i l t - u p  a r e a s  
Tes t  f o r  i n e q u a l i t y  o f  r a t e s :  x6 = 3.10 ( ~ 7 0 . 7 )  

Tes t  f o r  dec reas ing  g r a d i e n t :  x: = 0.89 ( p p  0.1) 

2 

2 
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T A B L E  X X V :  Door opening r a t e s  i n  non-ro l lover  crashes.  
Be l t ed  and unbe l t ed  occupant c a s u a l t i e s  
cons idered  t o g e t h e r ,  as w e l l  as b e l t e d  and 
unbel ted  d r i v e r  c a s u a l t i e s .  

Year o f  
Manufacture 

U P  T O  1959 

1960-62 

1963-64 
1965-66 

1967-68 

1969-70 

1971 -74 

NOT KNOWN 

T O T A L  

A L L  OCCUPANTS 

T o t a l  
0 c cupan t 

: a s u a l t i e s  

71 9 

734 

925 
1031 

1201 

1305 

1188 

64 

71 67 

8.8 

10.8 

9.1 
6.6 

4.2 

4.1 

3.6 

7.8 

6.2 

DRIVERS ONLY 

T o t a l  
Dr ive r  

: a s u a l t i e s  

363 

359 

4 53 

505 

653 
662 

634 

33 

3662 

DOOR 
O P E N I N G  
RATE ( % )  

8.3 

9.2 

7.7 

7.1 

4.3 

3.9 

3.3 

6.1 

5.8 

A l l  occupants 
T e s t  f o r  i n e q u a l i t y  o f  r a t e s :  x6 = 79.52 ( P <  0.0001) 

Tes t  f o r  dec reas ing  g r a d i e n t :  2; = 76.93 ( ~ 4  0.005) 

D r i v e r s  on ly  
Tes t  f o r  i n e q u a l i t y  of r a t e s :  x6 = 30.66 ( p c  0.0001) 

T e s t  f o r  dec reas ing  g r a d i e n t :  X7 = 30.41 ( P <  0.005) 

2 

2 

-2 
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TABLE XXVI:  Door opening r a t e s  o f  d r i v e r  c a s u a l t i e s  i n  
non-ro l lover  c ra shes ,  by yea r  of manufacture 

Y 

and c ra sh  l o c a t i o n  . 

1 I OPEN ROAD 

T o t a l  
Year of Dr iver  

Manufacture 

UP TO 1959 82 

1960-62 93 

1963-64 127 
1965-66 110 

1967-68 157 

1969-70 1 93 

1971 -74 21 8 

NOT KNOWN 10 

TOTAL 990 

- - - - - - - -. - - - - -  

DOOR 
OPENING 
RATE (%) 

14.6 

12.9 

14.2 

10.0 

7.0 

6.2 

4.6 

10.0 

_ - - - -  

8.8 

BUILT-UP AREA 

T o t a l  
Dr ive r  

:asualt ieE 

2603 

DOOR 
OPENING 
RATE ( % )  

4.6 

* 
Table  excludes 69 d r i v e r s  involved  i n  c ra shes  i n  unknown 
l o c a t i o n s .  

Door opening r a t e s  i n  open road c r a s h e s  
Tes t  f o r  i n e q u a l i t y  of r a t e s :  X6 = 17.29 (~ ‘0 .01 )  

Tes t  f o r  dec reas ing  g r a d i e n t :  X 7  = 17.17 ( p <  0.005) 

Door oDening r a t e s  i n  c r a s h e s  i n  b u i l t - u p  areas 

Tes t  f o r  i n e q u a l i t y  of r a t e s :  X g  = 17.72 ( p <  0.01) 

Tes t  f o r  dec reas ing  g r a d i e n t :  9; = 16.19 ( p <  0.005) 

2 

-2  
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T A B L E  X X V I I :  Door opening r a t e s  of d r i v e r  c a s u a l t i e s  
i n  non-ro l lover  c r a s h e s ,  by yea r  o f  
manufacture and s i d e  of impact. 

DOOR O P E N I N G  R A T E S  (%)  

Year of 
Manufacture 

U P  T O  1959 

1960-62 

1963-64 
1965-66 

1967-68 

1969-70 

1971 -74 
, - - - - - - - - -  

NOT KNOWN 

T O T A L  

S :  

FRONTAL 
O R  

REAR 

5.4 

11.8 

8.2 

4.3 

3.1 

2.7 

2.0 - - - -  
0.0 

4.6 

E O F  I M P A C T  

LEFT O R  
R I G H T  
S I D E  

6.2 

OTHER 
AND 

UNKNOWN 

10.8 

6.7 

6.0 

8.2 

7.5 

4.6 

5.1 

5.6 

- - - -  

6.7 

D o o r  opening r a t e s  i n  f r o n t a l  o r  r e a r  impacts  
Tes t  f o r  i n e q u a l i t y  of r a t e s :  x6 = 27.21 ( p <  0.0001) 

Tes t  f o r  dec reas ing  g r a d i e n t :  y: = 21 . I  8 ( p <  0.05) 

Door oaenina r a t e s  i n  s i d e  impacts  
Tes t  f o r  i n e q u a l i t y  of r a t e s :  x6 = 15.10 (p<O.02)  

Tes t  f o r  dec reas ing  g r a d i e n t :  X7 = 14.43 (~‘0.005)  

Door oDeninn r a t e s  i n  o t h e r  and unknown impacts  
Tes t  f o r  i n e q u a l i t y  of r a t e s :  XE = 6.35 ( ~ 7 0 . 3 )  

Tes t  f o r  dec reas ing  g r a d i e n t :  X7 = 5.58 (0.1. ~ 7 0 . 0 5 )  

2 

2 

-2 

-2 
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SUMMARY AND D I S C U S S I O N  

There was s t r o n g  evidence of a dec reas ing  g r a d i e n t  i n  
e j e c t i o n  r i s k  with i n c r e a s i n g  v e h i c l e  year  f o r  occupant 
c a s u a l t i e s  involved i n  non-ro l lover  c ra shes .  T h i s  a p p l i e d  t o  
unbel ted  occupants  and a l so  t o  b e l t e d  occupants  even though 
t h e  e j e c t i o n  r i s k  of  t h e  l a t t e r  was cons ide rab ly  lower. 

dec reas ing  g r a d i e n t  i n  e j e c t i o n  r i s k  was accompanied by a 
similar dec reas ing  g r a d i e n t  i n  t h e  p r o b a b i l i t y  o f  door opening 
of  t h e  v e h i c l e s  occupied by t h e  same c a s u a l t i e s .  These changes 
took p lace  among v e h i c l e s  manufactured dur ing  a per iod  when 
a n t i - b u r s t  door l a t c h e s  were g r a d u a l l y  being in t roduced  i n t o  
A u s t r a l i a n  ca r s .  The last  few y e a r s  of t h e  per iod  s a w  t h e  
i n t r o d u c t i o n  o f  ADR 2 ,  which formal i sed  t h e  requirement  f o r  
a n t i - b u r s t  doors.  These t h r e e  p a r a l l e l  s e r i e s  of even t s  
r e p r e s e n t  s t r o n g  evidence t h a t  ADR 2 (and t h e  a n t i - b u r s t  door 
l a t c h e s  f i t t e d  p r i o r  t o  t h e  formal requi rement )  i s  e f f e c t i v e  
i n  reducing t h e  r i s k  of e j e c t i o n ,  v i a  a r e d u c t i o n  i n  t h e  
p r o b a b i l i t y  of  door opening, f o r  occupants  involved i n  non- 
r o l l o v e r  crashes.  

T h i s  

There was no s t a t i s t i c a l l y  s i g n i f i c a n t  evidence of a 
dec reas ing  g r a d i e n t  i n  e j e c t i o n  r i s k  f o r  occupant c a s u a l t i e s  
involved i n  r o l l o v e r  c r a s h e s ,  n e i t h e r  f o r  unbel ted  no r  b e l t e d  
occupants.  The occupants  of l a t e r  model c a r s  were more 
l i k e l y  t o  have crashed i n  a high speed environment ( t h e  open 
road)  than  occupants  o f  t h e  o l d e r  c a r s ,  but  when t h i s  
d i f f e r e n c e  i n  c ra sh  l o c a t i o n  was t aken  i n t o  account ,  t h e r e  
was s t i l l  no s t a t i s t i c a l l y  s i g n i f i c a n t  evidence of a dec reas ing  
g r a d i e n t  i n  e j e c t i o n  risk. S i m i l a r  r e s u l t s  were found f o r  
t h e  p r o b a b i l i t y  of door opening of v e h i c l e s  involved i n  
r o l l o v e r s .  One of t h r e e  f a c t o r s  may e x p l a i n  t h e  l a c k  of 
evidence of a n  e f f e c t  of  a n t i - b u r s t  door l a t c h e s  and ADR 2 
on t h e  r i s k  of e j e c t i o n  and door opening i n  r o l l o v e r  c rashes .  

F i r s t ,  t h e r e  were more t h a n  f i v e  t imes  as many occupant 
c a s u a l t i e s  involved  i n  non-ro l lover  c ra shes  t h a n  i n  r o l l o v e r s .  
Thus, even though t h e  r i sks  of e j e c t i o n  and door  opening were 
cons ide rab ly  h i g h e r  i n  t h e  l a t t e r  type  of c r a s h ,  t h e r e  may 
have been i n s u f f i c i e n t  occupant c a s u a l t i e s  involved i n  r o l l o v e r s  
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i n  t h e  d a t a  f i l e  f o r  r e a l  dec reases  i n  t h e s e  r i sks  t o  be 
appa ren t  . 

Second, t h e  occupant c a s u a l t i e s  from l a t e r  model c a r s  
may have been involved  i n  more s e v e r e  r o l l o v e r  c ra shes  t h a n  
t h e  occupants  of  o l d e r  c a r s ,  t h u s  nega t ing  any b e n e f i c i a l  
e f f e c t s  of a n t i - b u r s t  door  l a t c h e s  and ADR 2. This  d i f f e r e n c e  
i n  c r a s h  s e v e r i t y  may have been g r e a t e r  t h a n  t h e  e f f e c t  due 
t o  t h e  d i f f e r e n c e  i n  c r a s h  l o c a t i o n  d i s t r i b u t i o n  between o l d e r  
and newer c a r s ;  t h i s  l a t t e r  d i f f e r e n c e  w a s ,  of course ,  observed 
i n  t h e  d a t a  and t aken  i n t o  account  i n  t h e  d n a l y s i s  of  r o l l o v e r  
c rashes .  An a n a l y s i s  of  f r o n t a l  impacts  i n  t h e  same d a t a  
f i l e  i n d i c a t e d  t h a t  t h e r e  was a tendency f o r  occupants  of 
l a t e r  model c a r s  t o  have been involved  i n  c r a s h e s  of g r e a t e r  
s e v e r i t y ,  over  and above t h a t  expla ined  by having crashed  i n  
a h i g h e r  speed environment (Cameron 1979b). 

Thi rd ,  t h e r e  may n o t ,  i n  f a c t ,  e x i s t  b e n e f i c i a l  e f f e c t s  
from a n t i - b u r s t  door l a t c h e s  and ADR 2 i n  r o l l o v e r s .  The 
more complex n a t u r e  and i n c r e a s e d  s e v e r i t y  of c r a s h e s  of t h i s  
t ype ,  compared wi th  non-ro l lover  c r a s h e s ,  may m i l i t a t e  aga ins t  
t h e  des ign  of  door  components i n t ended  t o  prevent  door  
opening. None of  t h e  s t u d i e s  on t h e  e f f e c t i v e n e s s  of a n t i -  
b u r s t  door  l a t c h e s  reviewed e a r l i e r  i nc luded  a s p e c i f i c  
e v a l u a t i o n  i n  r o l l o v e r  c r a s h e s  a l o n e ,  u s u a l l y  because of  t h e  
p a u c i t y  of d a t a  from such c r a s h e s  compared wi th  c r a s h e s  i n  
g e n e r a l ,  However, r ega rd ing  t h e  e f f e c t i v e n e s s  o r  i n e f f e c t i v e n e s s  
of a n t i - b u r s t  door  l a t c h e s  and ADR 2 i n  r o l l o v e r  c r a s h e s ,  t h i s  
s t u d y  must be cons idered  inconc lus ive  because of t h e  p o s s i b i l i t y  
of one o r  both of  t h e  first two exp lana t ions  g iven  above. 

For  occupant c a s u a l t i e s  i n  non-ro l lover  c r a s h e s ,  f o r  
whom dec reas ing  g r a d i e n t s  i n  t h e  r i s k s  of e j e c t i o n  and door 
opening were i d e n t i f i e d ,  t h e r e  w a s  evidence of an i n c r e a s i n g  
g r a d i e n t  i n  t h e  p r o p o r t i o n  of e j e c t e e s  who were e j e c t e d  from 
v e h i c l e s  wi th  c losed  doors ,  Th i s  evidence was s t a t i s t i c a l l y  
s i g n i f i c a n t  f o r  unbel ted  e j e c t e e s ,  bu t  no t  f o r  t hose  e j e c t e e s  
who were i n i t i a l l y  be l t ed .  These r e s u l t s  t end  t o  sugges t  
t h a t  while  a n t i - b u r s t  door l a t c h e s  and ADR 2 a r e  e f f e c t i v e  
( i n  non-rol lover  c r a s h e s )  i n  reducing t h e  p r o b a b i l i t y  of  door 

opening and hence a l s o  t h e  r i s k  of e j e c t i o n ,  t h e s e  v e h i c l e  
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des ign  f e a t u r e s  do no t  achieve  t h e i r  f u l l  p o t e n t i a l  i n  terms 
of e j e c t i o n  r i s k  r e d u c t i o n  because t h e  door space i s  bu t  one 
of t h e  p o r t a l s  of e j e c t i o n ;  i n  a d d i t i o n ,  some e j e c t e e s  may 
now e x i t  v i a  t h e  d o o r  windows whereas p rev ious ly  they  would 
have passed through opened doors.  

While on t h e  s u b j e c t  o f  e j e c t i o n  with c losed  door s ,  a n  
i n c r e a s i n g  g r a d i e n t  i n  t h e  p ropor t ion  o f  p rev ious ly  b e l t e d  
e j e c t e e s  who were so e j e c t e d  w a s  t h e  only s t a t i s t i c a l l y  
s i g n i f i c a n t  r e s u l t  i n  a n  hypothes ised  d i r e c t i o n  among those  
c a s u a l t i e s  involved i n  r o l l o v e r s .  However, t h i s  was cons idered  
t o  be weak evidence of a n  e f f e c t  of a n t i - b u r s t  door l a t c h e s  
and ADR 2 i n  t h i s  type  of  c ra sh  because of t h e  absence of 
p a r a l l e l  evidence of dec reas ing  g r a d i e n t s  i n  t h e  r i s k s  of 
e j e c t i o n  and door opening. 

There w a s  s t r o n g  evidence of a n  a s s o c i a t i o n  between 
e j e c t i o n  and i n j u r y  s e v e r i t y .  However, t h e r e  was a l s o  
evidence t h a t  t h e  e j e c t e d  c a s u a l t i e s  were a s s o c i a t e d  wi th  
more seve re  c r a s h  circumstances i n  terms of s e a t  b e l t  non-use, 
crash l o c a t i o n ,  and type  o f  c r a sh  compared wi th  t h e  non- 
e j e c t e d  c a s u a l t i e s .  When t h e s e  d i f f e r e n c e s  i n  c ra sh  c i rcumstances  
were t aken  i n t o  account ,  i t  was found t h a t  t h e  i n c r e a s e  i n  
t h e  r i s k  of s e v e r e  i n j u r y  due t o  e j e c t i o n  per s e  was no t  as 
g r e a t  as t h a t  based on a crude comparison of  t h e  i n j u r y  
s e v e r i t y  d i s t r i b u t i o n s  of  t h e  e j e c t e d  and non-ejected c a s u a l t i e s .  
E jec t ed  c a s u a l t i e s  were tw ice  as l i k e l y  t o  s u s t a i n  severe- to-  
f a t a l  i n j u r i e s  (AIS a t  l e a s t  3 )  t han  i f  t hey  had been 
conta ined  w i t h i n  t h e  ca r .  

ADR 2 s t i l l  has  a meaningful r o l e  t o  p l ay  i n  modern 
v e h i c l e s ,  i n  which ADRs f o r  s e a t  b e l t  f i t t i n g ,  coupled wi th  
l e g i s l a t i o n  i n  a l l  A u s t r a l i a n  S t a t e s  and T e r r i t o r i e s  r e q u i r i n g  
use o f  a v a i l a b l e  b e l t s ,  have l e a d  t o  high r a t e s  of s e a t  b e l t  
use. While s e a t  b e l t  use has a s t r o n g  e f f e c t  on t h e  r i s k  o f  
e j e c t i o n  (Table I I ) ,  t h e r e  is  st i l l  a s u b s t a n t i a l  r i s k  of 
e j e c t i o n  f o r  s e a t  b e l t  wearers  ( p a r t i c u l a r l y  i n  r o l l o v e r  
c r a s h e s ) ,  I n  a d d i t i o n ,  t h e r e  is  st i l l  a s u b s t a n t i a l  p ropor t ion  
of occupants  who do no t  wear a v a i l a b l e  b e l t s .  Th i s  s t u d y  has  
shown t h a t  ADR 2 is  e f f e c t i v e ,  a t  l e a s t  i n  non-rol lover  c r a s h e s ,  
i n  reducing  t h e  r i s k  of e j e c t i o n  of s e a t  b e l t  wearers  as w e l l  
as non-wearers. 
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CONCLUSIONS 

1 .  E j e c t i o n  doubles  t h e  r i s k  of s e v e r e - t o - f a t a l  i n j u r y  
(AIS a t  least  3 )  compared wi th  be ing  conta ined  i n  t h e  
c a r  i n  t h e  same c r a s h  circumstances.  

2. ADR 2 (and t h e  a n t i - b u r s t  door  l a t c h e s  f i t t e d  t o  
A u s t r a l i a n  c a r s  p r i o r  t o  t h e  formal  requi rement )  i s  
e f f e c t i v e  i n  reducing  t h e  r i s k  of  e j e c t i o n ,  v i a  a 
r e d u c t i o n  i n  t h e  p r o b a b i l i t y  o f  door opening, f o r  
occupants of c a r s  and c a r  d e r i v a t i v e s  involved  i n  non- 
r o l l o v e r  c rashes .  

3 .  Regarding t h e  e f f e c t i v e n e s s  of ADR 2 i n  r o l l o v e r  c r a s h e s ,  
t h i s  s tudy  w a s  i nconc lus ive  due t o  t h e  r e l a t i v e l y  small 
number of occupant c a s u a l t i e s  involved  i n  c ra shes  of  
t h i s  type and a l s o  due t o  t h e  p o s s i b i l i t y  t h a t  t h e  l a t e r  
model cars may have been involved  i n  more s e v e r e  r o l l o v e r  
c ra shes  than  t h e  o l d e r  c a r s ,  Ant i -burs t  door  l a t c h e s  may 
be i n  need of improved des ign  t o  take account  of whatever 
mechanism opens doors  i n  r o l l o v e r s .  

4. ADR 2 (and t h e  a n t i - b u r s t  door l a t c h e s  f i t t e d  p r i o r  t o  
formal  requi rements )  t r a n s f e r s  t h e  r o u t e  of e j e c t i o n  of 
t h e  remaining e j e c t e e s  away f r o m  t h e  door opening and 
towards non-door p o r t a l s .  

5. ADR 2 s t i l l  has  a meaningful r o l e  i n  modern v e h i c l e s  
w i t h  high r a t e s  o f  s e a t  b e l t  use. The Design Rule is 
e f f e c t i v e ,  a t  l e a s t  i n  non-rol lover  c r a s h e s ,  i n  reducing  
t h e  r i sk  of e j e c t i o n  of s e a t  b e l t  wearers  as w e l l  as 
non-wearers. 
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ROAD TRAUMA REPORT 

NAME.. ................................................................................................ Sex ................................... Age. .............................. 

Locality of Accident ..................................................................................................................................... ............ I .......... 

Seat Belt Worn o y e r  U N O -  

a.m. p. m. 

Hospital .......................................................................................... Casualty No. ........................... UR NO. ....................... 

a Vehicle Registration No. 

Dateof Accident ................. I ........."...... / .................... Time of Accident ...................... ............... 

Time of Hospital Examination .................. a.m. ....................... p m .  
SOURCE OF INFORMATION 0 1 .  CASUALTY 1 

IPlears D ~ W  ti& in r( 

A GENERAL 

LOSS OF CONSCIOUSNESS Y E S O  N O Z  

1. Transient 0 
2. Conscious on Arrival 0 

0 

3. R-v Rapid 0 
4. Delayed 0 

Unconrdan on Anival Y E S 0  N O C  

1. From Time of Accident 
2 Lucidlntewal n 

BLOOD LOSS 
1. <500 MI. 
2 >500 MI. 

VOMIT 
1. Inhaled 
2 Not Inhaled 

1. Moderate 
2 Severe 

- 
SHOCK 

CONTINUING HAEMORRHAGE YESO NOC 
I7 

2 Trunk 0 
0 

4. Intrathoracic 0 
5. Limbs 0 

1. Head and Nedc 

9 lntraabdominal 

B. HEAD AND NECK Y E S 0  N O C  

1. Major 0 
2. Minor 0 

SOFT TISSUE V E S O  N O C  
1. Laceration ' 0 
2 Abrasion 0 
3. Bruising 0 
I Penetrating 0 

0 5. Loss of T i m e  

SKULL FRACTURE Y E S O  N O 0  

0 I .  Vault - closed 
L Vault - d e o r d  n 
I. Vault - compound 
1. Base 

U 

0 
0 

WARD 0 3 .  CORONER 
a n t b o x ( J ) ]  

FAQAL BONE FRACTURE Y E S O  N O C  

1. 0 
2. Middle 5 0 
3. Mandible 0 
4. Nasal 0 

Malar 

~ 

CERVICAL SPINE FRACTURE VESO NOC 
1.  Body Stable 0 
2. Body Unstable n 
3. Acces~oryProcass 

u 
0 

NONSPECIFIC WHIPLASH) Y E S O  N O C  
SPINAL CORD DAMAGE Y E S O  N O C  

1. Transient n u 

2 Paraplegia - Arms 0 
3. Paraplegia - Legs 0 

EYE DAMAGE 
1. Major 
2 Minor 

YE= N O C  

0 
0 

BRAIN DAMAGE Y E S O  N O C  

1. Concusion 0 
2. Primary Severe Brain Damage 0 
3. Secondary Intracranial Compragion 0 - 

TREATMENT YE= N O C  
1. Operative - Major 0 - 
2 Operative - Minw n 
3. Conwnrative 0 

C. CHEST Y E S O  N O C  

1 .  Major 0 
0 2. Minor 

1. Laceration n 
SURFACE TISSUE Y E S 0  N O C  

2. Abrasion 
3. Bruising 
h Penetrating 
i Loss of Tissue 

FRACTURE 
I .  Ribs 

Minor 
Flail 

L Clavicle 
I. Sternum 
1. Scapula 

0 
0 
0 

0 
0 
0 
0 
0 
0 

YE= N O C  
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Iplsare o h  tid 

CHEST (Con+) 
PNEUMOTHORAX Y E S O  N O C  

1. Right-Open 0 
2. Right - Closed 0 
3. Right -Tension 0 
A Leit-Open 
5 Left - Closed 
6. Left - Tension 

HAEMOTHORAX 
1. Right 
2. Left 

0 
0 
0 

Y E S 0  N O E  - 
U 
0 

LUNG DAMAGE Y E S O  N O C  

1. Right 0 
2. Left 0 

1. Major 0 
2. Minor 0 

1. Major 0 
2. Minor 0 

1. Major 0 
2. Minor 0 

1 .  Major 0 
2 Minor 0 

AORTA DAMAGE Y E S O  N O C  

TRACHEA DAMAGE Y E S O  N O C  

OESOPHAGUS DAMAGE Y E S O  N O C  

HEART DAMAGE Y E S 0  N O C  

MAJOR VEIN DAMAGE Y E S 0  N O C  

1. Major 0 
2. Minor b 

TREATMENT Y E S O  N O C  

1. Operative - Major 0 
2 Operative - Minor 0 
3. Conservative 0 

D. ABDOMEN AND PELVIS YESO NOC 
1. Major 0 
2 Minor 0 

1. Laceration 0 
2 Abrasion 0 

SURFACE TISSUES Y E S O  N O E  

D. ABDOMEN AND PELVIS YESO NOC 
1. Major 0 - 
2 Minor U 

1. Laceration 0 
2 Abrasion 0 

SURFACE TISSUES Y E S O  N O E  

DAMAGED 
INTERNAL ORGANS (Cant) 

11. Kidney - Left 
12. Duodenum 
13. Diaphragm 
14. Bowel - Large 
15. Bowel -Small 
16. Mesentery 
17. Major Vessel 
18. Stomach 
19. Other 

YESONOC 
0 
0 
0 
0 
0 
0 
0 
0 

YESONOC 
0 - 

2. Operative - Minor 0 
3. Conservative 0 

E. 
1 .  Major 0 
2. Minor 0 

SPINE AND PELVIC BONES YESONOC 

FRACTURE SPINE YESO NOC 
BODY Y E S ~ ~ N O ~  

1. Thoracic 0 
0 

3. Sacral 0 

1. Thoracic U 
2. Lumbar 0 
3. Sacral 0 

2 Lumbar 

Stable Y E S ~ N O ~  - 

Urutable 
1. Thoracic 
2. Lumbar 
3. Sacral 

1. Thoracic 
2. Lumbar 
3. Sacral 

ACCESSORY PROCESS 

FRACTURE PELVIS 

1. Pubic Rami 00 
2. Ischial Rami 00 
3. Sacro Iliac Joint 00 
A Acetabulum (Central Dislocation1 00 
5. Other no 
1. Transient 0 
2. Paraplegia 0 
3. Cauda €quina 0 

SPINAL CORD DAMAGE YE~ONOC 

TREATMENT Y E S 0  N C  

1. Operative - Major 0 
2 Operative - Minor 0 
3. Conservative 0 

3. Bruising 0 
4. Penetrating 0 

0 

1. Spleen 0 
2 Liver 0 
3. Bladder - Intraperitoneal 0 
4. Bladder - Extraperitoneal 0 
5. Urethra Membranous 0 
6. Urethra Extramembranous 0 
7. Ureter - Right 0 
8. Ureter- Left 0 
9. Pancreas 0 
la Kidney- Right 0 

DAMAGED INTERNAL ORGANS Y E S O  N O E  
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(Plemsa plaw ti 

F. EXTREMITIES 
UPPER LIMBS YESONO[ 

1. Major 0 
2 Minor n U 

SURFACE TISSUE YESONO[ 
L. R. 

1. Laceration 00 
2 Abrasion on 
3. Bruising on 
4. Penetrating 00 
5. Lost  of Tissue 00 

FRACTURES YESONO[ 
L. R. 

1. Arm 
2 Forearm 
3. Wrist 
4 Fingers 

DISLOCATION 

1. Acromioclavicular 
2 Shoulder 
3. Elbow 
A Wrist 
5. Fingers 

NERVE INJURY 

MAJOR VESSEL INJURY 

TREATMENT 

1. Operative - Major 
2 Operative - Minor 
3. Conservative - Plnster 
A Conservative - Traction 
h Conrervative - Manipulation 

no 
00 
00 
00 

YESONO[ 
L R. on on 
00 no 

Y E S O N O I I  

00 

on 
L. R.  

Y E S ~ N O C  

bel 
Y E S O N O C  

L R. 
00 
00 on 
00 
00 ~- 

6 Other nu 
LOWER LIMBS YESONOC 

1. Maior n 
2. Minor I 5  

SURFACE TISSUE Y E S ~ N O ~  

1. Laceration 
2 Abrasion 
3. Bruising 
4 Penetrating 
5. Loss of Tisue  

FRACTURES 

1. Thigh 
2 KneePatella 
3. Leg 
4. Ankle 
5. F o o t  

L R. 

00 
00 
00 
00 on 

YESONOC 
L R. 

00 
00 
00 no 
00 

I relevant box ( J )I 

DISLOCATION Y E S O  NO[ 
L R. 

1. Hip 170 
2. Knee 00 
3. Ankle 00 
4. Toes 00 

NERVE INJURY YESONO[ 

on 

00 

1. Operative - Major 00 
2. Operatim- Minor UO 
3. Conservative - Plaster UO 
4. Conservative - Traction !In 
5. Conservative - Manipulation nu 
6. Other 00 

L. R. 

MAJOR VESSEL INJURY Y E S O N O [  
L. R. 

TREATMENT YESONO[ 
L. R.  

0. DISPOSAL 

1. Observation 
2. Minor treatment 

1. Operative treatment in Theatre 
2. Conservative 

TREATED IN CASUALTY Y E S O  N C  

0 
0 

0 
0 

WARD ADMISSION Y E S O  N O C  

TIME IN HOSPITAL (No. of ~ a v s )  

DIED FROM INJURIES Y E S O  N O C  

.......... DAYS 

0 
0 

1. In Hospital 
2 Not Admitted to Hospital 

MAJOR CAUSE OF DEATH (Sped*) 

1. ............................................................ 
2 ............................................................ 
3. ............................................................ 

1. ............................................................ 
2 ............................................................ 
1 ............................................................ 

SECONDARY OR CONTRIBUTING CAUSE (Specif 

DIED FROM UNRELATED CAUSE Y E S ~  NOC 
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WAD CRASH WCORT 

tMOTOR CAR8 ONLY1 

FILE NO. 
i0tfi.a Use Only) I 

NAME OF DRIVER OF VEHICLE ........................ 
Vehicle Ragiitration 

Locality .................................................................................................... Poat C d k  

METROPOLITAN= COUNTRY= OPEN R O A O ~  BUILT UP AREA= 

POSITION OF OCCUPANTS 
I 1 s 6 

A. VEHICLE OCCUPANTS D ~ I V E I  FRONT FRONT REAR REAR R E A R  OTHER 
CENTRE LEFT RICi*T CENTRE. LEFT "NI- INDICATE (PLACE 4 IN SOUAREI POSITION OF ALL 

OCCUPANTS.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I I I I I I 

. . . . . . . . . . . . . . . .  
B. SEAT BELTS ip*- d i n  I q u ~ ~  
1 .  Were 6811 b a l k f M  in any position? 
2. Were seat blk worn in any position? . . . . . . . . . . . . . . . .  

. 3. Indicate tvpe Of $eat balk la. b, c, elc.1 . . . . . . . . . . . . . .  
(81 Lap Id1 Harners 
lbl LapSath le1 Diagonal 
IC] Child If1 Other 

E. HEAD SUPPORTS 
Were head r u p w k  fitted in any position? 
(Wacs v' in susrel . . . . . . . . . . . . . . . . . . . . . . . .  

0. INJURIES 
1 .  Nameaot Ocarpank killad:- 

....................................................................................... 

.................................................................... 

....................................................................................... 

....................................................................................... 

....................................................................................... 
......... 

....................................................................................... 

....................................................................................... 
3. To which Hospital were injured aken? .................................... 

.................................................................... Not Known 0 
4. If injured. did impact against interior of car mnlribule m 

wnicn OBJECTS 
injury? 0 yea 0 NO 

l~iace v' in wuarel 
LmwObjests . . . . . .  
Windwreen . . . . . . . .  
Steering ColumnlWheei 
Dash Bwrd . . . . . . . .  
Rod . . . . . . . . . . . . . .  
Gear Shift . . . . . . . . . .  
Rear  Virion Mirror . . . .  
GIasSplinters . . . . . .  
Front Seats . . . . . . . .  
Door or Window Pillars 
Engim . . . . . . . . . . . .  
Door or Window Handler 
Transmission Tunnel ., 

. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

POSITION OF OCCUPANTS KILLED 

P 

POSITION OF 
I 

POSITION OF OCCUPANTS INJURED 

P 
I I I I l i  I 

I I I I I 
I i I I i I 

I I I ! ! 1 
I I I I I I 

! I I I I I 
I I I I t i  I 

I I I 1 I 
I I I I I I 

Which. if any. of the occupants were thmwn from the UI . . . .  

E. NATURE O F  ACCIOENT 
1. Vehicls to Vehicle . . . . . . . . . . . . . . . . . . . .  0 7. Impact- 

3. R a  Off Road 0 RearEnd . . . .  0 
4. VshicleOverOvmd . . . . . . . . . . . . . . . . . . . .  0 Side Leff 0 R W f  0 Fmnf 0 Rem 0 

6. Dmn O p e n d  ISpscifyI ....................................... 0 Same Direction . . . . . . . . . .  0 
F. MOTORVEHICLE DETAILS Make ....................................... Model ........ Year of Manufamn 

0. ESTIMATE OF REPAIR COST (Offim Ua Only) ....................................... 

. 2. StnnC PednaianlObjmlAnim~I . . . . . . . . . .  0 HmdOn . . . .  0 

. 5. Cau&ht Fire . . . . . . . . . . . . . . . . . . . . . . . .  0 8. Sideswipe Oppo~lU Direction . . . . . . . .  0 

. . . . . . . . . . . . . . . . . . . . . . . .  
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A P P E N D I X  B 

E J E C T I O N  AND I N J U R Y  S E V E R I T Y  

BY BODY R E G I O N  
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TABLE B1:  Head-face AIS s c o r e  of occupant c a s u a l t i e s ,  
by presence  o r  absence of  e j e c t i o n .  

0 

1 

2 

3 

4 

5 

6 

TOTAL 

HEAD-FACE E G I O N  

EJECTED 

No. 
~ 

175 

294 

85 

31 

10 

134 

28 

7 57 

% 

23.1 

38.8 

11.2 

4.1 

1.3 

17.7 

3.7 

100.0 

NOT EJECTED 

No. 

3034 

3263 

849 

24 1 

27 

304 

62 

7780 

% 

39.0 

41 e9 

10.9 

3.1 

0.3 

3.9 

0.8 

100.0 

Chi-square t e s t  f o r  d i f f e r e n c e  i n  i n j u r y  d i s t r i b u t i o n s :  
X g  = 376.15 ( p 4  0.0001) 
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TABLE B2: Neck AIS s c o r e  of occupant c a s u a l t i e s ,  
by presence o r  absence of  e j e c t i o n .  

NECK REGION 

EJECTED 

No. 

707 
1 1  

2 

17 
0 

20 

757 

% 

93.4 

1 e 5  

0.3 

2.2 

0.0 

2.6 

100.0 

NOT EJECTED 

No. 

7461 

20 1 

17 

34 
2 

65 

7780 

% 

95.9 

2.6 

0.2 

0.4 
n n  "." 
0.8 

100.0 

X: = 64.65 ( p d  0.0001) 
Chi-square t e s t  f o r  d i f f e r e n c e  i n  i n j u r y  d i s t r i b u t i o n s :  
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EJECTED 

No. % 

456 60.2 

112 14.8 

25 3.3 
73 9.6 

TABLE B3: Thorax AIS s c o r e  of occupant c a s u a l t i e s ,  

NOT EJECTED 

No. % 

5872 75.5 

1074 13.8 

308 4.0 

21 8 2.8 

by presence  o r  absence of e j e c t i o n .  

THORAX REGION 

- AIS 

0 

1 

2 

3 

4 

5 

TOTAL 

Chi-square t e s t  f o r  d i f f e r e n c e  i n  i n j u r y  d i s t r i b u t i o n s :  
X$ = 214.53 ( p <  0.0001) 
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TABLE B+: Lower t o r s o  AIS s c o r e  of occupant c a s u a l t i e s ,  
by presence o r  absence of  e j e c t i o n .  

LOWER TORSO R E G I O N  

0 

1 

2 

3 

4 

5 

TOTAL 

Chi-square t e s t  f o r  d i f f e r e n c e  i n  i n j u r y  d i s t r i b u t i o n s :  
X: = 184.06 ( p <  0.0001) 
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EJECTED 

No. % 

435 57.5 

203 26.8 

TABLE B?: Upper e x t r e m i t i e s  AIS s c o r e  of occupant 
c a s u a l t i e s ,  by presence o r  absence of  e j e c t i o n .  

~~ 

NOT EJECTEJ 

NO. % 

5632 72.4 
1562 20.1 

- A I S  

0 

1 

2 

3 

TOTAL 

UPPER EXTREMITIES REGION 

Chi-square t e s t  f o r  d i f f e r e n c e  i n  i n j u r y  d i s t r i b u t i o n s :  
X: = 94.19 ( p < O . O O O l )  
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TABLE B6: Lower e x t r e m i t i e s  AIS s c o r e  of occupant 
c a s u a l t i e s ,  by presence o r  absence of e j e c t i o n .  

&& 

0 

1 

2 

3 

TOTAL 

LOWER EXTREMITIES REGION 

Chi-square t e s t  f o r  d i f f e r e n c e  i n  i n j u r y  d i s t r i b u t i o n s :  
X: = 56.47 (pc0 .0001)  
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TABLE B7: Spine AIS s c o r e  of occupant c a s u a l t i e s ,  
by presence  o r  absence of e j e c t i o n .  

SPINE REGION 

- AIS 

0 

1 

2 

3 

4 

TOTAL 

I EJECTED I NOT EJECTED 

Chi-square t e s t  f o r  d i f f e r e n c e  i n  i n j u r y  d i s t r i b u t i o n s :  
X z  = 21.71 ( p 4  0.0001) 
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