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SUMMARY 

The i nc idence  o f  e j e c t i o n  f rom passenger c a r s  has d e c l i n e d  s t e a d i l y  

w i t h  t h e  newer model years  s i n c e  t h e  t o p i c  was brought  t o  p u b l i c  

a t t e n t i o n  i n  t he  e a r l y  196o1s.  A number o f  au tomot ive  des ign  

m o r l i f i c a t i o n s  r e s u l t e d  f rom these e a r l y  f i n d i n g s ,  i n c l u d i n g  s t rengthened 

l a t c h i n g  mechanisms and improved g l a z i n g ,  Yet even f o r  t h e  more 

r e c e n t l y  produced ca rs ,  acco rd ing  t o  r e p o r t s  i n  t he  NHTSA1s Fa ta l  

Acc ident  Repor t i ng  System, more than one i n  f i v e  occupant f a t a l i t i e s  i s  

assoc ia ted  w i t h  e j e c t i o n .  A s i m i l a r  t r e n d  ( w i t h  model year) e x i s t s  f o r  

n o n - f a t a l  a c c i d e n t s  as represented by t h e  N a t i o n a l  Crash S e v e r i t y  Study 

(NCSS) da ta .  The most obv ious  de te rm inan t  o f  e j e c t i o n  i s  t h e  l ack  o f  

r e s t r a i n t  usage. Wi th  few excep t i ons ,  no p r o p e r l y  r e s t r a i n e d  car  

occupants were comp le te l y  e j e c t e d .  

The nex t  most apparent  s i n g l e  f a c t o r  i s  v e h i c l e  s i z e ,  t h e  (NCSS) 

e j e c t i o n  r a t e  f o r  f o r e i g n  s p o r t s  ca rs  b e i n g  n e a r l y  s i x  t imes as g r e a t  as 

f o r  s t a n d a r d / f u l  1 s i z e  c a r s  (3.90% versus  0.66%) . Many o t h e r  f a c t o r s  

a l s o  a s s o c i a t e  w i t h  e j e c t i o n ,  and some o f  these i n t e r a c t  s t r o n g l y  w i t h  

car  s i z e .  E j e c t i o n s  a r e  more common w i t h  r o l l o v e r ,  i n  r u r a l  areas 

(compared t o  urban) , among young d r  i v e r s ,  i n  t h e  summer, and on road 

c lasses  w i t h  fewer i n t e r s e c t i o n  c o n f l i c t s .  E j e c t i o n  f requency i s  a l s o  

h i g h  f o r  i n f a n t s  (0 and 1 years  o f  age) ,  a1 though the  sample s i z e  

a v a i l a b l e  f o r  t h i s  d e t e r m i n a t i o n  i s  sma l l .  A model i n t e r r e l a t i n g  

seve ra l  o f  t h e  more impor tan t  v a r i a b l e s  p r o v i d e s  mixed r e s u l t s  r e l a t i v e  

t o  car  s i z e ,  and perhaps a  b e t t e r  unders tand ing o f  t h e  e j e c t i o n  

phen~omenon. 

The d e t a i l  a v a i l a b l e  i n  t h e  N C S S  da ta  a l l o w s  an assessment o f  the  

f requency o f  door opening by model year,  and t h e  f requency o f  t h i s  has 

d e c l i n e d  by n e a r l y  30% s i n c e  the  1960's (10.1% o f  t he  crashes o f  1964-68 

c a r s  had a t  l e a s t  one door open as compared w i t h  7 .1% f o r  1974-78 c a r s ) .  

Cons ide r ing  car  s i z e s  i n  just two groups--compacts and sma l l e r  versus 

i n te rmed ia tes  and l a r g e r - - a  d i f f e r e n c e  i n  t he  d i s t r i b u t i o n  o f  e j e c t i o n  



p o r t a l  i s  appa ren t .  Small  c a r s  have a  door e j e c t i o n  r a t e  1.3 t imes  t h a t  

o f  t h e  l a r g e  c a r s ,  b u t  a  window e j e c t i o n  r a t e  3.7  t imes  as l a r g e .  

I n  t h e  NCSS d a t a  r e a r - s e a t  occupants a r e  somewhat l e s s  l i k e l y  t o  be 

e j e c t e d  than  f r o n t - s e a t  occupants  (0 -8% versus  1.0%) , and d r i v e r s  and 

r i  g h t - f  r o n t  occupants  have near  1 y  equal e j e c t  i o n  r a t e s  (0.976% ve rsus  

0.988%). The i nc idence  o f  e j e c t i o n  f o r  persons wear ing  a v a i l a b l e  

r e s t r a i n t s  i s  v e r y  l ow- - l ess  t h a n  0.1%. I n d i v i d u a l  case rev iews  o f  t h e  

f o u r  r e s t r a i n e d  e j e c t e e s  suggest  t h a t  h a l f  o f  t hese  were imprope r l y  

r e p o r t e d ,  and t h a t  t h e  t r u e  r a t e  i s  even lower .  I n  one o l d e r  (1964) 

ca r ,  t h e  l a p  b e l t  ancho r ing  b o l t s  p u l l e d  th rough t h e  r u s t e d  f l o o r p a n ,  

l e a d i n g  t o  an e j e c t i o n .  I n  t h e  f o u r t h  case, a  p a s s i v e  (upper t o r s o  

o n l y )  r e s t r a i n t  p e r m i t t e d  e j e c t i o n  th rough a  r e a r  window/door. 

A s p e c i a l  a n a l y s i s  o f  NCSS cases i n  which o n l y  one o f  two f r o n t  

sea t  occupants was e j e c t e d  p e r m i t s  an assessment o f  t h e  degree o f  i n j u r y  

f o r  e j e c t e d  and u n e j e c t e d  occupants  under s i m i l a r  c r a s h  c o n d i t i o n s .  I n  

7 4  such "matched p a i r "  cases, 16 e j e c t e e s  b u t  none o f  t h e  c o n t a i n e d  

(une jec ted)  occupants  were f a t a l  1 y  i n j u r e d ,  For e j e c t e e s ,  d r i v e r  and 

r i g h t - f r o n t  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  were e s s e n t i a l l y  t h e  same. 

The ana lyses  p resen ted  i n  t h i s  r e p o r t  a r e  based on a c c i d e n t s  wh ich  

o c c u r r e d  i n  t h e  p e r i o d  January 1977 th rough March 1979 and, o f  course ,  

r e p r e s e n t  t h e  c a r  p o p u l a t i o n  e x t a n t  a t  t h a t  t ime .  S ince t h a n  t h e  

U. S .  has expe r ienced  a  d e f i n i t e  s h i f t  toward s m a l l e r  ca rs ;  hence t h e  

ev idence o f  h i g h e r  e j e c t i o n  r a t e s  i n  sma l l e r  c a r s ,  p a r t i c u l a r l y  i n  non- 

r o l l o v e r  c rashes,  m i g h t  be cause f o r  concern,  R e s t r a i n t  usage was 

n e a r l y  z e r o  among e j e c t e e s ,  and a lmos t  n e g l i g i b l e  ( l e s s  than 10%) even 

among those who were n o t  e j e c t e d .  On t h e  o t h e r  hand, i t  i s  c l e a r  f rom 

these ana lyses  t h a t  occupants who use a v a i l a b l e  r e s t r a i n t s  a r e  a lmost  

never c o m p l e t e l y  e j e c t e d .  

The r e d u c t i o n  i n  e j e c t i o n  r a t e  which can be a s s o c i a t e d  w i t h  major  

m o d i f i c a t i o n s  t o  door and g l a z i n g  components i n  t h e  c a r s  seems t o  have 

l e v e l e d  o f f ,  and one c o u l d  s p e c u l a t e  t h a t  t h e  t r e n d  toward v e r y  smal l  

passenger c a r s  may l ead  t o  an i n c r e a s e  i n  e j e c t i o n  f requency i n  t h e  

f u t u r e .  The one countermeasure most l i k e l y  t o  produce a  con t i nued  

downward t r e n d  i n  t h i s  s t a t i s t i c  i s  r e s t r a i n t  usage, and t h e  importance 

o f  t h i s  i n  t h e  19801s shou ld  be apparen t  f rom t h i s  p r e s e n t a t i o n .  



1.0 INTRODUCTION 

E j e c t i o n  f rom a  passenger car  as t h e  r e s u l t  o f  a  c rash  has l ong  

been recogn ized  as a  dangerous even t .  The l i t e r a t u r e  r e g a r d i n g  e j e c t i o n  

i s  t , y p i c a l l y  concen t ra ted  on one o f  two t o p i c s - - e j e c t i o n ,  per  se, and 

r o l l c ~ v e r  (because o f  t h e  s t r o n g  a s s o c i a t i o n  o f  e j e c t i o n  w i t h  r o l l o v e r ) .  

E j e c t i o n  was c e r t a i n l y  recogn ized  as an i n j u r y - i n c r e a s i n g  f a c t o r  i n  

e a r l y  r e p o r t s  f rom t h e  Cornel  1 A e r o n a u t i c a l  Labora tor  i es (now CALSPAN) . 
Many o t h e r  au tho rs  have r e p o r t e d  on t h e  t o p i c  s i n c e  t h a t  t ime.  As a  

r e s u l t  o f  these e a r l i e r  f i n d i n g s ,  t h r e e  major  changes have r e s u l t e d - - t h e  

s t r e n g t h e n i n g  o f  door l ocks ,  w i n d s h i e l d  improvements such as r e t e n t i o n  

and h i g h  p e n e t r a t i o n  r e s i s t a n c e  (HPR) g l a z i n g ,  and t h e  i n s t a l l a t i o n  o f  

b e l t  r e s t r a i n t s  i n  a lmost  a l l  passenger ca rs .  

W i t h  these improvements, t h e  p r o p o r t i o n  o f  f a t a l i t i e s  i n v o l v i n g  

e j e c t i o n  has shown a  steady d e c l i n e ,  as i l l u s t r a t e d  i n  t h e  data  o f  

F i g u r e  1 taken f rom t h e  1979 F A R S .  Two r e g r e s s i o n  1 ines ,  one f rom 1962 

t o  1966 and t h e  second f rom 1967 t o  1980, i n d i c a t e  t h a t  t h i s  p r o p o r t i o n  

was cln t h e  o rde r  o f  27% f o r  models produced i n  t h e  e a r l y  s i x t i e s ,  and 

about 22% f o r  t h e  l a t e  seven t i es .  Never the less ,  t h e  f a c t  t h a t  one o f  

f i v e  passenger f a t a l i t i e s  i s  a s s o c i a t e d  w i t h  e j e c t i o n  i n  t h e  most modern 

c a r s  i s  cause f o r  c o n t i n u i n g  concern.  

W i t h  t h e  a v a i l a b i l i t y  o f  t h e  N a t i o n a l  Crash S e v e r i t y  Study da ta ,  a 

27-month in -depth  a c c i d e n t  d a t a  c o l l e c t i o n  e f f o r t  concen t ra ted  on 

passenger car  and l i g h t  t r u c k  invo lvements ,  i t  i s  a p p r o p r i a t e  t o  rev iew  

t h e  e j e c t i o n  phenomenon, 

The NCSS d a t a  s e t  c o n t a i n s  d e t a i l  n o t  p r e v i o u s l y  a v a i l a b l e  i n  a  

f i l e  r e p r e s e n t a t i v e  o f  t h e  genera l  a c c i d e n t  p o p u l a t i o n .  I n j u r i e s  a r e  

coded u s i n g  t h e  A I S 1  and O I C 2  codes; p o r t a l  o f  e j e c t i o n  has been 

'The Abbrev ia ted  l n i u r y  Sca le  (1976 R e v i s i o n ) .  Amer i  can 
A s s o c i a t i o n  f o r  Automot ive Medic ine .  1976. 

2"An Occupant I n j u r y  C l a s s i f i c a t i o n  Procedure I n c o r p o r a t i n g  t h e  
Abbrev ia ted  I n j u r y  Sca le . "  J. C .  Marsh, Proceedings o f  t h e  
I n t e r n a t i o n a l  Acc iden t  I n v e s t i g a t i o n  Workshop, P i l o t  Study on Road 



FIGURE 1 
Percent  o f  F a t a l  Occupants Who Were E j e c t e d  

(comple te  and P a r t i a l )  

recorded when i t  was known; and t h e  v e h i c l e  and a c c i d e n t  c h a r a c t e r i s t i c s  

a r e  p r o v i d e d  i n  good d e t a i l .  T h i s  r e p o r t  i s  p r i m a r i l y  based on t h e  NCSS 

data ,  and i n c l u d e s  ( 1 )  a  genera l  r e v i e w  t o  l e a r n  what i s  d i f f e r e n t  about  

a c c i d e n t s  i n v o l v i n g  e j e c t i o n ,  (2 )  d e s c r i p t i v e  s t a t i s t i c s  about  t h e  

f requency o f  e j e c t i o n  by p o r t a l ,  by car  t ype ,  e t c . ,  (3) case rev iews  o f  

e j e c t i o n s  o f  r e s t r a i n e d  occupants,  and (4) rev iews  o f  matched p a i r s  (one 

e j e c t i o n ,  one n o n - e j e c t i o n )  i n  t h e  same crashed v e h i c l e .  

The remainder o f  t h i s  r e p o r t  i s  o rgan ized  as f o l l o w s :  S e c t i o n  2 

c o n t a i n s  a  r e v i e w  o f  t h e  r e c e n t  l i t e r a t u r e  i n  b o t h  t h e  e j e c t i o n  and 

r o l l o v e r  a reas .  S e c t i o n  3 rev iews  t h e  d i f f e r e n c e s  between e j e c t i o n  and 

n o n - e j e c t i o n  c rashes.  S e c t i o n  4 p r o v i d e s  a  v a r i e t y  o f  d e s c r i p t i v e  

s t a t i s t i c s  f rom NCSS and F A R S  about  e j e c t e e s  and t h e i r  c rashes.  S e c t i o n  

5 p r e s e n t s  a r e v i e w  o f  t h e  smal l  number o f  cases o f  b e l t e d  occupant  

S a f e t y  f o r  Committee on t h e  Chal lenges o f  Modern S o c i e t y ,  NATO, June 
28-29, 1973, pp. 143-162. 1974. 



e jec t i ons ,  Sec t ion  6 r e p o r t s  on the  matched p a i r  comparison o f  b e l t e d  

and unbel ted persons. Appendix A presents in fo rmat ion  from a  hard-copy 

revliew o f  1 1  f a t a l - e j e c t i o n  acc idents .  Also included are comments on 

the NCSS da ta  based on the de ta i  l ed  exp lanat  ion  o f  these 1 1  case 

repor ts .  





2.0 LITERATURE REV1 E W  

For some t ime  the  problem o f  occupant e j e c t i o n  has been a s u b j e c t  

o f  concern  and i n t e r e s t  i n  t h e  highway s a f e t y  community, I n  a paper 

prepared f o r  t h e  American Medical  A s s o c i a t i o n  Journa l  i n  1962, Rober t  A .  

Wolf d iscussed t h e  h i s t o r y  o f  t h e  sub jec t . '  

Wolf o u t l i n e d  fou r  C o r n e l l  U n i v e r s i t y  s t u d i e s  i n  h i s  p a p e r s 4  He 

no ted  t h a t  e j e c t i o n  was f i r s t  ' id iscovered"  i n  1954 by John Moore and 

B o r i s  T o u r i n  f o l l o w i n g  a C o r n e l l  Automot ive Crash I n j u r y  Research 

p r o j e c t  (ACIR) . Moore and Tour i n  were l a t e r  j o i n e d  by John W. G a r r e t t  

i n  the ACIR s t u d i e s ,  and t o g e t h e r ,  he lped l a y  much o f  t h e  groundwork f o r  

t h e  s tudy  o f  e j e c t i o n ,  I n  1955, a comparison s tudy  o f  o l d  (1940-1949) 

and new (1949-1954) passenger c a r s  looked a t  door opening, e j e c t  i on ,  and 

o t h e r  i n j u r y  produc ing  events  assoc ia ted  w i t h  a c c i d e n t s . =  Moore, 

Touri in, and G a r r e t t  concluded i n  t h i s  s tudy  t h a t ,  though t h e r e  was 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 s  between t h e  two groups o f  passenger c a r s ,  

t h i s  d i f f e r e n c e  was no t  s i g n i f i c a n t .  

I n  1956, t he  automobi l e  manufac turers  i n t roduced  "new-sty1 e" door 

l a t c h e s .  The des ign  o f  these l a t c h e s  d i f f e r e d  by manufacturer  b u t  were 

e s s e n t i a l l y  t h e  same i n  e f f e c t .  That  i s ,  they were designed t o  r e s i s t  

f o r c e s  f rom t h r e e  d i r e c t i o n s  r a t h e r  than two as was the  case w i t h  

" o l d e r "  1 a tches .  

'"The D iscovery  and Con t ro l  o f  E j e c t i o n  i n  Automobi le Acc iden ts , ' '  
R .  A .  Wol f .  American Medical  A s s o c i a t i o n  Jou rna l ,  Vo l .  180, No. 3 ,  
pp. 220-224. 2 1 Apr i  l 1962. . 

4 A  Study o f  Automobile Doors Opening Under Crash Cond i t i ons ;  t he  
R e l a t i o n s h i p  Between t h e  Opening o f  F ron t  Doors and t h e  Area o f  t h e  
Passenger Automobi le S u s t a i n i n g  t h e  P r i n c i p a l  Impact, J .  0. Moore and 
B .  T o u r i n ,  Automobi le Crash I n j u r y  Research Repor t .  August 1954. 

Study o f  Crash l n i u r y  P a t t e r n s  as Re la ted  t o  Two Per iods  o f  
V e h i c u l a r  Desiqn, a Comparative Study o f  Acc ident  and l n i u r y  Fac to rs  i n  
1940-49 Automobi les and 1950-54 Automobi les,  J .  0. Moore, 8. T o u r i n ,  and 
J. W.  G a r r e t t ,  Automobile Crash l n j u r y  Research Repor t .  March 1955. 



I n  1958, i n  another  AClR s tudy ,  e j e c t i o n  was a g a i n  examined. One 

impor tan t  d i f f e r e n c e  i n  t h i s  s t u d y  was t h a t  i t  was a sample o f  a b road  

range o f  i n j u r y  p roduc ing  a c c i d e n t s .  Where t h e  e a r l i e r  s tudy  concerned 

i t s e l f  m a i n l y  w i t h  f a t a l  a c c i d e n t s ,  t h i s  sample used f i v e  c a t e g o r i e s  o f  

i n j u r y  s e v e r i t y  r a n g i n g  f rom " m i n ~ r ' ~  t o  "ex t reme ly  severe."  I t  was 

found t h a t  13.6% o f  t h e  occupants i n  t h i s  l a t e r  sample were e j e c t e d .  O f  

these,  a p p r o x i m a t e l y  12% were f a t a l  l y  i n j u r e d .  O f  t h e  occupants  who 

remained i n  t h e i r  v e h i c l e s ,  2.5% were f a t a l l y  i n j u r e d .  E j e c t i o n  was 

found t o  be one o f  t h e  major  i n j u r y  p roduc ing  even ts  a s s o c i a t e d  w i t h  

a c c i d e n t s ,  and was a l s o  found t o  p r e s e n t  a h i g h e r  r i s k  f o r  f a t a l  

i n j u r i e s  than  n o n - e j e c t i o n .  I n  a d d i t i o n  i t  was found t h a t  a number o f  

e j e c t i o n  f a t a l i t i e s  occu r red  i n  c rashes o f  r e l a t i v e l y  low s e v e r i t y .  

I n  1960, C o r n e l l  e v a l u a t e d  s a f e t y  b e l t s  i n  t h e i r  ACIR-Ca l i f o rn ia  

s t u d y  by G a r r e t t  and T o u r i n .  They concluded t h a t  s a f e t y  b e l t s  reduce 

t h e  p o s s i b i l i t y  o f  an occupant  b e i n g  e j e c t e d  f rom a v e h i c l e  as w e l l  as 

h e l p i n g  t o  reduce t h e  s e v e r i t y  o f  i n j u r y .  T h i s  s tudy  i n d i c a t e d  t h a t  

b e l t  use rs  were i n j u r e d  as o f t e n  as non-users,  b u t  t h a t  t h e  s e v e r i t y  o f  

i n j u r y  was lower f o r  t h e  b e l t - u s e r s .  

I n  1961, G a r r e t t  p u b l i s h e d  E v a l u a t i o n  o f  Door Lock E f f e c t i v e n e s s :  

Pre-1956 ve rsus  Post-1955 A u t ~ m o b i l e s . ~  He determined t h a t  t h e  

f requency o f  door open ing was reduced by about  33% wi t h  t h e  advent  o f  

improved door l a t c h e s .  Along w i t h  t h e  l o w e r i n g  o f  door open ing 

f requency came a r e d u c t i o n  i n  t h e  e j e c t i o n  r a t e .  

Donald F .  Huelke  and Paul W .  Gikas p resen ted  r e s u l t s  o f  a s tudy  on 

e j e c t i o n  t o  t h e  1 0 t h  Stapp Conference i n  1964.' I n  a fou r - yea r  s tudy  

o f  s e r i o u s  a c c i d e n t s  t h a t  had been i n v e s t i g a t e d  on-scene they  found t h a t  

41% o f  t h e  occupants were e j e c t e d .  O f  t hese  e j e c t e d  persons,  

app rox ima te l y  o n e - t h i r d  were f a t a l l y  i n j u r e d  p r i o r  t o  e j e c t i o n .  They 

&An E v a l u a t i o n  o f  Door Lock E f f e c t i v e n e s s  Pre-1956 ve rsus  
Post-1955 Automobi les ,  J. W .  G a r r e t t ,  Automobi le Crash I n j u r y  Research 
Repor t  , 1962. 

711Eject ion--The Leading Cause o f  Death i n  Automobi le Acc idents , "  
D .  F .  Huelke,  and P .  W .  Gikas.  Proceedings o f  t h e  10 th  Stapp Car Crash 
Conference, Soc i e t y  o f  Automot i ve Eng i  neers ,  pp. 260-294. 1966. 



a l s o  found t h a t  64% o f  those e j e c t e d  e x i t e d  t h e  v e h i c l e s  th rough open 

doors .  

I n  1964, K i  h l  be rg ,  Narragon,  and Campbell r e l e a s e d  another  Cornel 1 

AClR s t u d y , '  They looked a t  r u r a l  a c c i d e n t s  and 12,835 v e h i c l e s  whose 

occupants  were i n j u r e d .  The s tudy  was m a i n l y  concerned w i t h  comparing 

a c c i d e n t  f e a t u r e s  o f  d i f f e r e n t  ca r  s i z e s  under s t a t i s t i c a l l y  c o n t r o l l e d  

c o n d i t i o n s  o f  a c c i d e n t  t y p e  and s e v e r i t y .  They found t h a t  i n  s tandard-  

s i z e  c a r s ,  1 1 %  o f  t h e  occupants had been e j e c t e d ;  i n  compact c a r s ,  

13.89;; and i n  s m a l l e r  c a r s ,  17.9%. They noted t h a t  e j e c t i o n  occu r red  

much more o f t e n  i n  r o l l o v e r s  than  i n  c o l l i s i o n s ,  and t h a t  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  by  ca r  s i z e  was much more prominent  i n  r o l l o v e r s  than  

i n  c o l l i s i o n s .  The compact ca r  e j e c t i o n  r a t e  was much l i k e  t h e  s tanda rd  

s i z e  ca r  i n  c o l l i s i o n s ,  w h i l e  i n  r o l l o v e r s  i t  was more l i k e  t h a t  o f  t h e  

s m a l l e r  c a r s .  

I n  1972, J. I .  Tonge o f  A u s t r a l i a  compared i n j u r y  p a t t e r n s  o f  c rash  

v i c t i m s  f rom f a t a l  a c c i d e n t s  o c c u r r i n g  between 1963 and 1968 w i t h  those 

o f  occupants o f  v e h i c l e s  i n  a c c i d e n t s  f rom 1935 t o  1963.9 He noted 

t h a t  t h e  l a t e r  group showed a  decrease i n  head, abdominal ,  and major  

o rgan i n j u r i e s .  R o l l o v e r s  produced c o n s i d e r a b l y  more e j e c t i o n s  than  

o t h e r  c o l l i s i o n  t ypes ,  There  were more e j e c t i o n s  f rom a c c i d e n t s  w i t h  

speeds r e p o r t e d  as over 40 m i  l e s  per  hour than n o n - e j e c t i o n s  f rom t h e  

same group.  He judged t h a t  81% o f  t h e  e j e c t e e s  were f a t a l  l y  i n j u r e d  

p r i o r  t o  e j e c t i o n ,  13% o f  t h e  e j e c t e e s  were o u t s i d e  t h e  v e h i c l e  a t  t h e  

t i m e  they  were k i  1 l ed ,  and 6% were crushed beneath a  v e h i c l e .  Of some 

s i g n i f i c a n c e  i n  t h i s  r e p o r t  was t h e  d i s t i n c t i o n  made between f a t a l l y  

i n j u r e d  e j e c t e e s  and persons who were e j e c t e d ,  b u t  f a t a l l y  i n j u r e d  p r i o r  

t o  t h e i r  e j e c t i o n .  

8Automobi le  Crash l n i u r y  i n  R e l a t i o n  t o  Car S i ze ,  J .  K .  K i h l b e r g ,  
E .  A .  Narragon, and B. J. Campbell. Automot ive Crash I n j u r y  Research, 
November 1964. 

9 " T r a f f  i c  Crash F a t a l  i t i e s ,  I n j u r y  P a t t e r n s  and Other Fac tors , "  
J. I .  Tonge e t  a l . ,  Queensland S t a t e  H e a l t h  Labo ra to ry ,  B r i sbane  
( A u s t r a l  i a ) ,  J u l y  1972. 



AndersonLo found, l i k e  o thers  be fo re  him, t h a t  r o l l o v e r  was the  

acc ident  type most l i k e l y  t o  produce e j e c t i o n .  i n  add i t i on ,  he repor ted  

t h a t  t he re  were d i f f e r e n c e s  i n  e j e c t i o n  p o r t a l s  between d i f f e r i n g  

c o l l i s i o n  types. He noted t h a t  i n  a  non- ro l lover  c o l l i s i o n ,  the  door 

was the p r imary  e j e c t i o n  p o r t a l ,  fo l l owed by the  door window. i n  a  

r o l l o v e r ,  the door window i s  the pr imary p o r t a l  and the door the second 

most l i k e l y  e j e c t i o n  area, He pos tu la ted  t h a t  r o l l o v e r  e j e c t i o n  may be 

due t o  the  increased p r o b a b i l i t y  o f  occupants be ing  p rope l led  toward the 

s ides o f  t he  v e h i c l e ,  t h a t  forces a c t i n g  on the  v e h i c l e  may be more 

l i k e l y  t o  produce door opening i n  r o l l o v e r s ,  t h a t  s ide  impacts o f f e r  the 

g rea tes t  e j e c t i o n  p o t e n t i a l  o f  non - ro l l ove r  c o l l i s i o n s ,  and t h a t  

e j e c t i o n  r o u t e  (or p o r t a l )  does no t  seem t o  i n f l uence  i n j u r y  s e v e r i t y .  

Anderson concluded t h a t  the use o f  l ap  and shoulder b e l t s  would probably  

be more e f f e c t i v e  i n  p reven t ing  e j e c t i o n  than redes ign ing veh i c l es .  

The Swiss Federal Department o f  J u s t i c e  and P o l i c e  i n i t i a t e d  a  one 

year study o f  i n j u r e d  seat b e l t  users i n  1976. F .  Walz and U. Z o l l i n g e r  

repor ted  t h e i r  f i n d i n g s  i n  1979. l 1  The i r  da ta  came from 304 acc idents  

t h a t  invo lved  410 occupants, a1 1 o f  whom were be1 ted.  Each acc iden t  had 

t o  have had a t  l e a s t  one occupant w i t h  an AIS o f  2  or above. These 

cases were examined w i t h  regard t o  the  15 occupants who were e j ec ted ,  

though they had been us ing  sa fe ty  b e l t s .  Walz and Zo l l i nge r  found t h a t  

the two main reasons f o r  the e j e c t  i on  o f  these be1 ted  occupants were (1) 

s l  i pp ing  ou t  o f  two-po in t  b e l t s  i n  r o l  l overs  and (2) t o r n  th ree  p o i n t  

b e l t s .  I n  one o f  these e j e c t i o n s  t he re  was no damage t o  the b e l t ,  b u t  

the wearer was p a r t i a l l y ,  r a t he r  than complete ly ,  e jec ted .  Walz and 

Z o l l i n g e r  r epo r t ed  t h a t  the  degree o f  p r o t e c t i o n  prov ided by b e l t s  i s  t o  

some ex ten t  dependent on the b e l t ' s  a b i l i t y  t o  prevent e j e c t i o n  

e f f e c t i v e l y .  

Numerous o ther  s t ud ies  have concerned themselves w i t h  the  t o p i c  o f  

e j e c t i o n  o r  commented on the phenomenon and i t s  c h a r a c t e r i s t i c s .  

' " E j e c t i o n  Risk  i n  Automobile Accidents,  F i n a l  Report. T .  E .  
Anderson. Cal span Corporat ion,  Buf fa1 o, New York. October 1974. 

l l ' lE ject ion and Safety  Be l t s , "  F. Walz, V. Z o l l i n g e r ,  and 
P .  N iederer .  Accident Analysis and Prevent ion,  Vol .  1 1 ,  No. 1 ,  
pp. 19-22, March 1979. 



Cameron, i n  an A u s t r a l i a n  s tudy  i n  1977, r e p o r t e d  t h a t  t h e  e j e c t i o n  r a t e  

f o r  b e l t  u s e r s  was e i g h t  t imes lower t han  t h a t  o f  u n r e s t r a i n e d  

occupants, 1.6% versus  12.4%. Though u s i n g  a  d i f f e r e n t  sampl ing frame 

t h a t  looked a t  more s e r i o u s  acc iden ts ,  Hue lke  r e p o r t e d  an e j e c t i o n  r a t e  

o f  4% f o r  be1 t users  and 25% f o r  non-be1 t e d  passengers. T a r r  ierei2 

found a  f a t a l i t y  r a t e  o f  c o n t a i n e d  ( i . e . ,  b e l t e d )  occupants o f  1.8% as 

opposed t o  39.4% f o r  e j e c t e d  persons.  

C l e a r l y  e j e c t i o n  remains a  t o p i c  o f  concern,  I t  seems a p p r o p r i a t e  

now t o  t a k e  another  look  a t  e j e c t i o n  u s i n g  t h e  most c u r r e n t  d a t a  (NCSS) 

t o  de termine t h e  p resen t  s t a t e  o f  t h e  problem. 

l Z E f f e c t i v e n e s s  o f  Three-Po in t  S a f e t y  Be1 t s  i n  Real Acc idents ,  C .  
T a r r i e r e .  Peugeot-Renault  Assoc ia t i on ,  Phys io logy  and Biomechanics 
Labora to ry .  March 1973. 





3.0 COMPARISON O F  EJECTION AND NON-EJECTION CRASHES 

The NCSS d a t a  s e t  i s  a  s t r a t i f i e d - r a n d o m  sample o f  towaway 

passenger ca r  (and some 1 i g h t  t r u c k )  a c c i d e n t s  i n v e s t  i gated i n  seven 

w i d e l y  d i s p e r s e d  geograph ica l  r e g i o n s  o f  t h e  U. S. The a p p l i c a b i l i t y  o f  

t h e  s t a t i s t i c s  t aken  f rom NCSS t o  r e p r e s e n t  t h e  t o t a l  U , S ,  passenger car  

a c c i d e n t  p o p u l a t i o n  has been d i scussed  i n  an a n a l y s i s  r e p o r t  p repared by  

t h e  HSRl s t a f f , 1 3  and wi 1 1  n o t  be t r e a t e d  i n  d e t a i  1 here .  A l though 

t h e r e  a r e  some problems i n  e s t i m a t i n g  t o t a l  f r e q u e n c i e s  o f  events  f o r  

t h e  U.S.  f r o m  these  data ,  t h e  d i s t r i b u t i o n s  f o r  many f a c t o r s  t aken  f rom 

NCSS a r e  b e l i e v e d  t o  be t h e  b e s t  r e p r e s e n t a t i o n  o f  U.S.  a c c i d e n t s  

a v a i l a b l e  a t  t h i s  t ime.  

As a  p a r t  o f  each NCSS case, t h e  a c c i d e n t  i n v e s t i g a t o r  was asked t o  

r e c o r d  whether each occupant was e j e c t e d ,  t h e  degree o f  e j e c t i o n ,  and 

t h e  p o r t a l  o f  e j e c t i o n ,  as w e l l  as such d e t a i l  as i n j u r y  source,  e x t e n t ,  

e t c ,  The f i n a l  judgment o f  e j e c t i o n  r e p r e s e n t s  t h e  i n v e s t i g a t o r ' s  

o p i n i o n ,  and may be based on i n f o r m a t i o n  f rom t h e  p o l i c e  r e p o r t ,  

i n t e r v i e w s  w i t h  v e h i c l e  occupants,  i n s p e c t i o n  o f  t h e  v e h i c l e ,  and 

asse:ssment o f  t h e  i n j u r i e s .  The NCSS f i e l d  r e p o r t i n g  forms a l s o  

p r o v i d e d  codes f o r  t h e  i n v e s t i g a t o r  t o  r e p o r t  b o t h  "unknown i f  e j e c t e d "  

and " e j e c t e d  b u t  p o r t a l  unknown." The use o f  unknown codes v a r i e d  f rom 

team t o  team (and f rom one i n v e s t i g a t o r  t o  another )  . For t h e  most p a r t ,  

ejec: t i o n  was coded "no" u n l e s s  t h e r e  was some p o s i t i v e  ev idence 

a v a i l a b l e ,  b u t  e v i d e n t l y  some i n v e s t i g a t o r s  coded "unknown" when they  

judged t h a t  t h e  a c c i d e n t  c o u l d  have produced an e j e c t i o n  even though no 

one had r e p o r t e d  i t .  I n  t h e  t a b l e  below, i t  can be seen t h a t  t h e r e  i s  a  

l a r g e  number o f  cases i n  which e j e c t i o n  i s  unknown, b u t  we be1 i e v e  (on 

t h e  b a s i s  o f  a  more d e t a i l e d  examina t i on  o f  t h e  case m a t e r i a l )  t h a t  most 

o f  these shou ld  be coded as " n o t  e j e c t e d . ' '  Tab le  1 d i s p l a y s ,  f o r  a l l  

1 3 S t a t i s t i c a l  Ana lys i s  o f  t h e  N a t i o n a l  Crash S e v e r i t y  Study Data,  
P .  A .  Gimot ty  e t  a l .  Highway S a f e t y  Research I n s t i t u t e ,  The U n i v e r s i t y  
o f  Mich igan.  F i n a l  Report  No. UM-HSRI-79-11, March 1979. 



(weighted) occupants i n  t h e  NCSS d a t a  s e t ,  t h e  f requency o f  e j e c t i o n  and 

t h e  degree o f  knowledge about  t hese  e j e c t i o n s ,  

TABLE 1 
NCSS E j e c t i o n s  by Degree o f  E j e c t i o n  and Knowldge About t h e  P o r t a l  

(Weighted Data) 

Of t h e  106,763 e s t i m a t e d  occupants  o f  crashed/ towed passenger c a r s  , 
1034 o r  1040 (depending on t h e  c h o i c e  o f  v a r i a b l e )  persons were known t o  

be e j e c t e d .  The e j e c t i o n  p o r t a l  was r e p o r t e d  f o r  o n l y  about t w o - t h i r d s  

o f  these.  A smal l  number o f  persons were c l a s s i f i e d  as b o t h  t rapped  and 

p a r t i a l l y  e j e c t e d .  

" 

Degree 
0 f 

E j e c t i o n  

Not  E j e c t e d  

Complete E j e c t i o n  

P a r t i a l  E j e c t i o n  

P a r t i a l t T r a p p e d  

E j e c t i o n  
(unknown degree) 

Other & M i s s i n g  

Unknown 

T o t a l  

The degree o f  u n c e r t a i n t y  about  e j e c t i o n  p o r t a l  i s  r e f l e c t e d  i n  t h e  

same t a b l e .  I n v e s t i g a t o r s  were asked t o  r e p o r t  e j e c t i o n  p o r t a l  i n  some 

d e t a i l - - e . g . ,  l e f t - f r o n t  window, l e f t - f r o n t  door--and i f  a  p a r t i c u l a r  

p o r t a l  c o u l d  n o t  be ass igned,  t h e  "unknown" ca tego ry  was used. 

App rox ima te l y  25% o f  t h e  p a r t i a l  e j e c t i o n s ,  and 37% o f  t h e  comple te  

e j e c t i o n s  were coded "unknown." I n  a  rev iew  o f  a  sample o f  w r i t t e n  case 

m a t e r i a l  under taken d u r i n g  t h e  p r e s e n t  s tudy ,  we j udge  t h a t  i n  as many 

104,069 

0  

0  

0  

0  

0  

104069 

0  

514 

149 

8  

4 

6  

0  

681 

0  

292 

5 1 

8 

8 

0  

0  

359 

0  

0  

0  

0  

0  

7 

1647 

1654 

104,069 

806 

200 

16 

12 

13 

1647 

106763 



as t w o - t h i r d s  o f  these "unknown p o r t a l "  cases, some f u r t h e r  

i d e n t i i f i c a t i o n  o f  t h e  p o r t a l  c o u l d  be made. For example, t h e  

i n v e s t i g a t o r  m igh t  have known t h a t  t h e  e j e c t i o n  was th rough  e i t h e r  a  

l e f t  door o r  window, b u t  was r e q u i r e d  by t h e  r e p o r t i n g  p r o t o c o l  t o  

r e p o r t  "unknown" i f  he c o u l d  n o t  de te rm ine  which.  The sample rev iew  

does n o t  p e r m i t  t h e  c o r r e c t i o n  and u p d a t i n g  o f  t h e  e n t i r e  NCSS f i l e .  

3.1 f a c t o r s  A s s o c i a t i n g  Wi th  E j e c t i o n  

IJe have reviewed 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 many o f  t h e  

v a r i a b l e s  con ta ined  i n  t h e  NCSS da ta ,  and f i n d  s i g n i f i c a n t  v a r i a t i o n  

w i t h  most o f  those s t u d i e d .  Teams o p e r a t i n g  p r i m a r i l y  i n  u rban areas 

found r e l a t i v e l y  low e j e c t i o n  r a t e s ;  r u r a l  teams d i s p l a y e d  t h e  o p p o s i t e .  

I n  t h e  SWRI (Texas) r u r a l  area,  3% o f  a1 1 occupants were e j e c t e d ;  i n  

Miami (an urban area) o n l y  0.36% were so c a t e g o r i z e d .  

Rear -seat  occupants a r e  s l  i g h t  1 y  l e s s  1 i k e l  y  t o  be  e j e c t e d  (0.85%) 

than  f r o n t - s e a t  occupants (0.97%) , By occupant  age, n e a r l y  3% o f  t h e  

i n fan i t s  (under 1 year o f  age) were e j e c t e d ,  a1 though t h e  sample s i z e  i s  

s m a l l ,  The peak e j e c t i o n  r a t e  f o r  a  10-year age group i s  1.36% f o r  t h e  

11-20 yea r -o lds ;  t h i s  c o n t r a s t s  w i t h  0.36% f o r  41-50 y e a r - o l d s .  

W i t h  respec t  t o  i n j u r y  l e v e l ,  e j e c t e e s  account  f o r  o n l y  0.03% o f  

u n i n j u r e d  occupants, 3.3% o f  those modera te l y  (A1 S-2) i n j u r e d ,  and 25.7% 

o f  t hose  i n  t h e  AIS-6 ca tego ry .  O f  ' i n t e r e s t  i s  t h e  d i f f e r e n c e  i n  i n j u r y  

l e v e l  f o r  persons e j e c t e d  and n o t  e j e c t e d  i n  t h e  same crashes (or  

a d j u s t e d  f o r  c rash s e v e r i t y )  . T h i s  i s  examined i n  S e c t i o n  6.  

For persons u s i n g  ava i  l a b l e  r e s t r a i n t  systems (1 ap o r  1 ap+torso) 

t h e  e j e c t i o n  r a t e  was l e s s  than  0.1% as compared w i t h  n e a r l y  1 %  f o r  

unbel i ted persons.  A smal l  number o f  persons r e p o r t e d  wear ing  r e s t r a i n t s  

were f u l l y  e j e c t e d ;  these w i l l  be d iscussed i n  t h e  case r e v i e w  s e c t i o n  

be 1 oh/. 

One o f  t h e  most s i g n i f i c a n t  v a r i a t i o n s  w i t h  e j e c t i o n  f requency was 

t h a t  o f  car  model ( s i z e ) .  Us ing  t h e  2 - d i g i  t model d e s i g n a t i o n  o f  t h e  

CPlR eode,14 these da ta  a r e  d i s p l a y e d  i n  Tab le  2 .  Row e n t r i e s  have been 

- - ---- -- 

" 4 M u l t i d i s c i p l i n a r y  Acc iden t  I n v e s t i g a t i o n  Data F i l e ,  E d i t i n g  
Manual and Reference In fo rma t ion ,  J .  C .  Marsh and S .  E. T o l k i n .  Highway 



p laced i n  t h e  o r d e r  o f  dec reas ing  complete e j e c t i o n  percentage.  The 

l a s t  column r e p o r t s  t h e  sum o f  complete and p a r t i a l  e j e c t i o n .  

TABLE 2 
Frequency o f  E j e c t i o n  f rom Towed/Crashed Passenger Cars 

Source: NCSS Combined 27-month f i l e  o f  towed passenger c a r s .  

Car 
S i z e  

P ickup ca r  

F o r e i g n  Spor t  

Super S p o r t  

Subcompact/ lmport 

M i n i  s p e c i a l t y  

Compact 

S p e c i a l t y  Pony 

Subcompact USA 

I n t e r m e d i a t e  

S t a n d a r d / f u l l  

Personal  l u x u r y  

Luxury l imous ine  

S p e c i a l t y  I n t e r m e d i a t e  

The e j e c t  i o n  percentage general  l y  a s s o c i a t e s  i n v e r s e l y  w i  t h  ca r  

s i z e ,  p roceed ing  f rom 3.3% f o r  t h e  f o r e i g n  s p o r t s  c a r s  (many o f  wh ich  

Sa fe ty  Research I n s t i t u t e ,  The U n i v e r s i t y  o f  Mich igan.  Report  No. UM- 
HSR I - S A - 7 5 - 7 .  March 1975. 

T o t a l  
Occupants 

509 

1819 

595 

11576 

1941 

14907 

9669 

7 380 

19858 

22833 

1968 

3802 

5923 

Complete 
E j e c t i o n  

4.10% 

3 30% 

2 -52% 

1.14% 

0 .88% 

0.86% 

0.72% 

0.70% 

0.67% 

0.56% 

0.46% 

0.32% 

0.32% 

E j e c t i o n  Rate 

Complete and/or 
P a r t i a l  E j e c t i o n  

4.32% 

3 90% 

3 0 36% 

1 -40% 

1.03% 

1 -04% 

1.19% 

1.03% 

0.84% 

0.66% 

0.66% 

0.42% 

0.41% 



a r e  c o n v e r t i b l e s )  t o  0.32% f o r  t h e  l u x u r y  l i m o u s i n e  (e.g., t h e  C a d i l l a c  

Sedan de V i  1 1 e) . 
Wh i le  Tab le  2 i n d i c a t e s  a  r e l a t i v e l y  c o n s i s t e n t  i n v e r s e  

r e l a t i o n s h i p  between e j e c t i o n  and car  s i ze ,  t h e  two-way t a b u l a t i o n  

cannot  t ake  i n t o  account  t h e  p o s s i b i l i t y  o f  o t h e r  f a c t o r s  which may 

i n t e r a c t  w i t h  b o t h  e j e c t i o n  and ca r  s i z e .  I n  o r d e r  t o  f u r t h e r  e x p l o r e  

t h i s  area,  a  m u l t i v a r i a t e  a n a l y s i s  o f  t h e  we ighted NCSS d a t a  has been 

conducted. A number o f  l o g - l i n e a r  models were t r i e d  u s i n g  t h e  ECTAlb 

compluter program. Data f o r  t h i s  a n a l y s i s  were l i m i t e d  t o  u n b e l t e d  

occupants,  b u t  o t h e r w i s e  i n c l u d e  a l l  passenger car  occupants i n  v e h i c l e  

types  shown i n  Tab le  3.  

V a r i a b l e s  i nc luded  i n  t h e  model were r o l  l o v e r  (yes o r  no) , season 

( w i n t e r  o r  summer) , d r  i v e r  age ( l e s s  than 25 years  ve rsus  2 5  years  and 

o l d e r ) ,  ca r  s i z e  ( i n  1 1  c a t e g o r i e s ) ,  and e j e c t i o n  (yes o r  no ) .  From a  

number o f  a t t emp ts ,  t h e  most s a t i s f a c t o r y  model f i t t e d  t o  t h e  N C S S  da ta  

was n e a r l y  a  s a t u r a t e d  model,  i n d i c a t i n g  t h a t  t h e  i n t e r a c t i o n  among 

these f a c t o r s  i s  complex. One way o f  p r e s e n t i n g  t h e  r e s u l t s  i s  i n  a  

t a b l e  o f  t h e  pe rcen t  o f  persons e j e c t e d  f o r  each c e l l  o f  t h e  complete 

t a b u l a t i o n .  S ince  i t  was n o t  p o s s i b l e  t o  c o l l a p s e  t h e  t a b u l a t i o n  any 

f u r t h e r ,  i n t e r p r e t a t i o n  must be done by comparing i n d i v i d u a l  c e l l s  (or 

groups o f  c e l l s )  f rom t h i s  t a b l e .  

I n  Tab le  3 ,  an a s t e r i s k  has been p laced  on t h e  e n t r y  f o r  a l l  c e l l s  

w i  tl? fewer t han  10 (weighted) e j e c t i o n s .  Whi 1e t h e  r e l a t i o n s h i p s  

e x h i b i t e d  by these ( low count )  c e l l s  may be inspected,  t h e  f i n d i n g s  

shou ld  n o t  be cons idered r e l i a b l e .  The more common v e h i c l e  c a t e g o r i e s  

(s tandard ,  i n t e r m e d i a t e ,  compact, and sub-compact impor t )  have adequate 

d a t a  f o r  most c e l l s  and may be d i r e c t l y  compared. 

Several  g l o b a l  o b s e r v a t i o n s  may be made. W i t h i n  a  g i v e n  car  s i z e ,  

r o l l o v e r  c o n d i t i o n ,  and season, young d r i v e r s  o f  s tanda rd  and compact 

have h ighe r  e j e c t i o n  r a t e s  than  o l d .  S i m i l a r l y ,  o t h e r  t h i n g s  be ing  

equa l ,  summer u s u a l l y  e x h i b i t s  somewhaf more e j e c t i o n s  than  w i n t e r .  I t  

lSECTA, A Program For t h e  Loq-Linear A n a l y s i s  o f  Continqency 
Tablles. The P o p u l a t i o n  S t u d i e s  Center o f  The U n i v e r s i t y  o f  Mich igan.  -- 
December 1975. 
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has been suggested that this might associate with open windows in the 

summer. 

An interesting relationship among car size, rollover, and ejection 

may be observed. Given a rollover, ejections were more frequent in 

larger cars than in smaller cars. When rollover does not occur, larger 

cars have a lower ejection frequency. Table 4 indicates the proport ion 

of cars in certain cells which experienced a rollover, suggesting a 

fairly direct relationship between size and rollover potential. One 

could infer that smaller cars experience rollovers at lower crash 

severity (energy) levels and that the chance of ejection of rollover is 

lower than for large cars. Alternatively, it seems possible that the 

smal ler cars may have a smal ler ejection area (smaller windows), thus 

reducing the chance of ejection. The non-rol lover statistics seem to 

favor the former explanation, since the smaller cars exhibit a higher 

ejection rate for non-rollovers as well as a higher overall rate. 

TABLE 4 
Percent of Vehicles Experiencing Rol lover (NCSS 

Weighted Data) in Cells Corresponding to Table 3. 

Vehicle Type 

Standard 

I ntermed . 
Compact 

Subcomp. (USA) 

Spec. Pony 

Subcomp. 
(Import) 

Fore i gn 
Sports 

Winter 

0 1 d Young 
Or ivers O r  ivers 

Summer 
- - 

Old Young 
Drivers Drivers 

$(Fewer than 10 rollovers. 



The p i c k u p  c a r ,  which e x h i b i t s  a  h i g h  e j e c t i o n  r a t e  i n  Tab le  2, has 

n e a r l y  a l l  o f  i t s  e j e c t i o n s  i n  one c e l l - - 1 2  e j e c t i o n s  f o r  young d r i v e r s  

i n  t h e  summer i n  n o n - r o l l o v e r .  S ince  these a r e  d r i v e r  e j e c t i o n s ,  they  

a r e  n o t  o f  persons seated i n  t h e  bed o f  t h e  p i c k u p  ca r .  The o t h e r  h i g h  

va lues  f o r  n o n - r o l l o v e r  a r e  a s s o c i a t e d  w i t h  t h e  l i g h t e s t  we igh t  f o r e i g n  

s p o r t s  c a r s .  More than  h a l f  o f  t h e  e j e c t i o n s  f rom t h i s  ca tegory  were 

f rom c o n v e r t i b l e s ,  suggest ing  an e x p l a n a t i o n  f o r  t h e  ex t reme ly  h i g h  r a t e  

a s s o c i a t k d  w i t h  young d r i v e r s  i n  t h e  summer w i t h  r o l  l o v e r .  

The N C S S  program r e p o r t e d  a c c i d e n t s  i n v o l v i n g  ca rs  o f  a l l  model 

years ,  and thus  p r o v i d e s  a  conven ien t  source t o  compare e j e c t i o n  

f requency ac ross  t h e  p e r i o d  i n  wh ich  des ign  changes t o  i n h i b i t  e j e c t i o n  

were t a k i n g  p l a c e .  Tab le  5 shows t h e  e j e c t i o n  percentages f o r  d r i v e r s  

as a  f u n c t i o n  o f  model year ( i n  f i v e - y e a r  g roup ings ) .  A l though no 

account  i s  made o f  p o s s i b l e  i n t e r a c t i n g  f a c t o r s ,  t h e  r e d u c t i o n  i n  b o t h  

e j e c t  i o n  and door opening percentages f o r  c a r s  manufactured a f t e r  1968 

i s  c l e a r .  The reason f o r  t h e  i n v e r s i o n  i n  t h e  d r i v e r  e j e c t i o n  r a t e  

between 1969-1973 and 1974-1978 i s  n o t  apparent .  

TABLE 5 
E j e c t i o n s  and Door Openings i n  Towaway Crashes 

(NCSS I and I I Passenger Cars) 

Model Years 

1974- 1978 

1969- 1973 

1964- 1968 

1901-1963 

Average 

Dr i v e r  
Complete ly 

E j e c t e d  

0.238% 

0.181% 

0.456% 

0.644% 

.260% 

L.F.Door 
Opened 

i n  Crash 

2.33% 

2.35% 

2.98% 

3  . 99% 

2.49% 

Some Door 
Opened 

i n  Crash 

7.1% 

7.8% 

10. 1 %  

12.6% 

8.0% 



4.0 DESCR l PT l VE STAT1 ST l CS OF EJECT l ON CRASHES 

The f o l l o w i n g  s e c t i o n  p resen ts  d e s c r i p t i v e  s t a t i s t i c a l  i n f o r m a t i o n  

p e r t a i n i n g  t o  t h e  phenomenon o f  e j e c t i o n ,  Wh i l e  many o f  t h e  e j e c t i o n  

r e l a t e d  f a c t o r s  may i n t e r a c t ,  t he  s i m p l e  d i s t r i b u t i o n s  do n o t  t ake  

account  o f  such i n t e r a c t i o n s ,  b u t  do d e s c r i b e  t h e  o v e r a l l  phenomenon 

w i t h  r e s p e c t  t o  who i s  b e i n g  e j e c t e d ,  and when, why, where, and how 

e j e c t i o n  occu rs .  

I n  t h e  we ighted NCSS data ,  d e t a i l e d  i n f o r m a t i o n  f o r  106,763 

passenger car  occupants i s  ava i  lab1 e.  Non-ejected ( i n c l u d i n g  t rapped) 

occupants account  f o r  96.6% o f  t h i s  p o p u l a t i o n  and another  1.8% were 

p r o b a b l y  n o t  e j e c t e d  (ca tegor  i zed  "unknown i f  e jec ted ' ' )  . As seen i n  

Tab le  6, more o f  t h e  occupants were males (58.7%) than  females (40.2%) . 
Sex o f  an occupant  was r e p o r t e d  as "unknown" f o r  1 . 1 %  o f  t he  NCSS 

d r  i v e r s  and passengers. Males were much more l i k e l y  t o  be e j e c t e d  than  

females.  The e j e c t i o n  r a t e  f o r  t h e  male p o p u l a t i o n  was 1.13%, w h i l e  f o r  

females i t  was 0.75%. S i m i l a r l y ,  males were more l i k e l y  t o  have been 

t rapped i n  a  c a r ,  0.69% ve rsus  0.57% f o r  females.  

Occupant age was found t o  be s t r o n g l y  r e l a t e d  t o  t h e  l i k e l i h o o d  o f  

e jec t l i on .  I n  a  comparison o f  passenger ca r  occupants i n  (most ly)  ten-  

year age group ings ,  e j e c t i o n  r a t e  ranged f rom a  h i g h  o f  2.96% f o r  those 

under 1 year o f  age t o  0.0% f o r  those 91 years  o f  age o r  o l d e r .  Though 

they  r e p r e s e n t  t h e  extremes i n  e j e c t i o n  r a t e ,  those 91 and o l d e r  and 

i n f a n t s  1 year  o l d  o r  l e s s  a r e  rep resen ted  i n  l i m i t e d  numbers, and thus  

t h e i r  e j e c t  i o n  r a t e s  shou ld  n o t  be g i v e n  as much credence as o t h e r  age 

groups w i t h  n u m e r i c a l l y  h i g h e r  r e p r e s e n t a t i o n  i n  t he  d a t a  s e t .  F i g u r e  2  

shows e j e c t i o n  f requency f o r  passenger car  occupants i n  N C S S .  O f  

p a r t i c u l a r  i n t e r e s t  a r e  t h e  h i g h  e j e c t i o n  r a t e s  o f  t h e  1 1  t o  20 year -  

o l d s  and t h e  21 t o  30 year o l d s .  I n  sheer numbers, these two groups 

account  f o r  80% o f  t h e  e n t i r e  e j e c t i o n  p o p u l a t i o n ,  as may be seen i n  t h e  

p i e  c h a r t ,  F i g u r e  3. The h i g h  r a t e  f o r  61-70 yea r -o lds  i s  an 

unexp la ined  anomaly, b u t  may r e s u l t  f rom t h e  smal l  sample. Age has been 



TABLE 6 
E j e c t i o n  S t a t u s  by Sex o f  Occupant 

NCSS 27-Month (Weighted) Data (A1 1 Occupants) 

i n c l u d e d  as a f a c t o r  i n  t h e  m u l t i v a r i a t e  a n a l y s i s  o f  S e c t i o n  2, b u t  

l i m i t e d  t o  j u s t  two values--young ve rsus  o l d .  

Ma 1 es 

Fema 1 es 

Unknown 

M i s s i n g  
Data 

T o t a l  

F i g u r e  4 shows t h e  e j e c t i o n  counts  o f  passenger car  occupants by 

sea t  l o c a t i o n  and by p o r t a l  o f  e j e c t i o n .  I t  may be seen t h a t  t h e r e  i s  

l i t t l e  v a r i a t i o n  i n  e j e c t i o n  f requency between t h e  d r i v e r  and t h e  r i g h t -  

f r o n t  p o s i t i o n .  The n e a r s i d e  door and window show t h e  h i g h e s t  r a t e s .  

Second s e a t  occupants a r e  l e s s  l i k e l y  t o  be e j e c t e d  than  t h e i r  f r o n t  

seat  c o u n t e r p a r t s .  

E j e c t i o n  r a t e s  i n  t h e  NCSS d a t a  v a r i e d  f rom one i n v e s t i g a t i o n  team 

t o  a n o t h e r .  The h i g h e s t  e j e c t i o n  r a t e  among t h e  seven N C S S  d a t a  

c o l l e c t i o n  teams was 1 .7  % a t  I nd iana  U n i v e r s i t y ,  f o l l o w e d  by HSRl a t  

1.3 %, The U n i v e r s i t y  o f  Kentucky a t  1.2 %, and Southwest Research a t  

1 . 1  % .  The lowest  r a t e  was seen a t  D y n a m i c s c i e n c e ,  0 . 6 % .  The 

v a r i a t i o n  i n  r a t e  o f  e j e c t i o n  by i n d i v i d u a l  teams c o r r e l a t e s  w i t h  t h e  

No 
E j e c t i o n  

60,431 
93.3% 

4 1,636 
97% 

1 , 1 1 1  
93% 

1 
50% 

103,089 
96% 

E j e c t i o n  

71 1 
1.13% 

322 
0.75% 

1 
0.0% 

- 
- 

1034 
0.97% 

Trapped 

4 30 
0.69% 

245 
0.57% 

0 
0.0% 

- 
- 

675 
0.6% 

Other 
and MD 

1 1  
0.02% 

1 
0.0% 

0 
0.0% 

1 
50% 

13 
0.01% 

Unknown 
i f  E j e c t .  

1151 
1.8% 

7 18 
1.7% 

8 3 
6.9% 

- 
- 

1952 
1.8% 

T o t a l  

62,644 
(58.7%) loo% 

42,922 
(40.2%) 100% 

1195 
( 1 %  loo% 

2 
(0.0%) 100% 

106,763 
100% 



0 . 0  
1  1 1 - 2 0  3 1 - 4 0  5 1 - 6 0  7 1 - 8 0  9 1 +  

1 - 1 0  2 1 - 3 0  4 1 - 5 0  6 1 - 7 0  8 1 - 9 0  
R G E  G R O U P S  

FIGURE 2 
E j e c t i o n  Rate by 10-year Age Groups 

types  o f  areas where those teams were i n v e s t i g a t i n g  a c c i d e n t s .  Rural  

areas showed a  much h ighe r  i nc idence  o f  e j e c t i o n - t y p e  a c c i d e n t s  than d i d  

urban areas .  I n  r u r a l  areas,  t h e  d r i v e r  was r e p o r t e d  as e j e c t e d  i n  2.4% 

o f  t h e  towed passenger c a r s  as compared w i  t h  0.6% o f  t h e  urban towed 

passenger ca r  acc iden t  invo lvements .  

A d i f f e r e n c e  was found i n  r a t e  o f  e j e c t i o n  by road c o n d i t i o n .  I n  

acc iden ts  where the  road was d r y ,  1 . 1 %  o f  t he  d r i v e r s  o f  passenger ca rs  

were e j e c t e d .  T h i s  r a t e  i s  s im i  l a r  t o  t h a t  o f  wet roads (0.9%) , b u t  

h ighe r  than the  r a t e s  f o r  i c y  and snowy roads (0.8% and 0.5%, 

r e s p e c t i v e l y ) .  

The e j e c t i o n  r a t e  by roadway f u n c t i o n a l  c l a s s i f i c a t i o n  d i d  no t  va ry  

d r a m a t i c a l l y  except  i n  one case. A d r i v e r  was e j e c t e d  f rom a  passenger 

car  i n  0.8% o f  t h e  a c c i d e n t s  on b o t h  a r t e r i a l  and minor a r t e r i a l  roads. 

For expressways t h i s  r a t e  was 0.9%, f o r  l o c a l  s t r e e t s  o r  roads,  1.0%, 

and f o r  c o l l e c t o r s ,  1 . 1 % .  On freeways though, t h e  r a t e  was 1.6%. I n  
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FIGURE 3 
Age Groups o f  E j e c t e d  and Non-e jec ted Occupants 



FRONT LEFT SEAT FRONT CENTER SEAT 
657 E j e c t e d  Occupants 23 E jec tees  
67,302 D r i v e r s  = 1 .O% 3247 Occupants = 0.7% 

FRONT RIGHT SEAT 
226 E jec tees  

22,863 Occupants = 1.0% 

\ 

Other 15 (2.3%) Other  1 (4.3%) Other 8 (3.5%) 
Unknown 199 (30.3%) Unknown 10 (43.5%) Unknown 86 (38.1%) 

SECOND SEAT 
90 E j e c t e d  Occupants OTHER 6 UNKNOWN 

11,237 T o t a l  Rear Seat Occ. = 0.8% 19 E jec tees  

----=??I 

-1 w 
I 

I I 
I 1 

I I I 
I 

1 - 
Other 17 (18.9%) Other  6 (31.6%) 

Unknown 40 (44.4%) Unknown 6 (31.6%) 

EJECTION PORTALS: 

L e f t - f r o n t  window 

R i g h t - f r o n t  window 

L e f t - f r o n t  door 

R i g h t - f r o n t  door  

L e f t - r e a r  window 
& l e f t - r e a r  door 

R i g h t - r e a r  window 
6 r i g h t - r e a r  door  

Windsh ie ld  

Roof a rea  (conver-  
t i b l e ,  sunroof ,  
o r  crash-damaged 
r o o f )  

F IGURE 4 
Seat P o s i t i o n  and E j e c t i o n  P o r t a l  

N C S S  27-Month (weighted) Data 
(Percent  by P o r t a l  f o r  Each Seat P o s i t i o n )  



NCSS, f reeways were d e s c r i b e d  as an "expressway w i t h  f u l l  c o n t r o l  o f  

access." Expressways d i f f e r  f rom t h i s  i n  t h a t  t hey  do n o t  have " f u l l  o r  

p a r t i a l  c o n t r o l  o f  access and g e n e r a l l y  w i t h  grade s e p a r a t i o n s  a t  ma jo r  

i n t e r ~ e c t i o n s , " ~ ~  E j e c t i o n s  were found  t o  be most l i k e l y  t o  occur on  a  

road  w i t h  e i t h e r  no i n t e r s e c t i o n  (1.5%) o r  a t  a 3 - l e g  i n t e r s e c t i o n  (1.8% 

o f  t hese  i n t e r s e c t i o n  a c c i d e n t s  f e a t u r e d  t h e  e j e c t i o n  o f  a  d r i v e r  f rom a  

passenger c a r ) .  The occur rence o f  e j e c t i o n  f o r  o t h e r  t y p e s  o f  

i n t e r s e c t i o n s  a r e  as f o l l o w s ;  3 - l e g  T, 0.4%, 4 - l e g  cross,0.4%, 4 - l e g  

o b l  ique,  0.5%, and mu1 t i - l e g ,  0.2%. 

I f  looked a t  f rom t h e  s t a n d p o i n t  o f  when e j e c t i o n  took  p l a c e  by 

month o r  t i m e  o f  year ,  those t imes  when i t  would be  c o l d e r  e x h i b i t e d  t h e  

l owes t  e j e c t i o n  r a t e s .  As t h e  weather warms, so  e j e c t i o n  seems t o  

i nc rease .  The months o f  J u l y  and September showed t h e  h i g h e s t  r a t e  o f  

e j e c t i o n ,  t h r e e  t imes  t h a t  o f  January .  T h i s  f a c t o r  was i n c l u d e d  i n  t h e  

m u l t i v a r i a t e  a n a l y s i s  o f  S e c t i o n  2 .  

E j e c t i o n  P o r t a l ,  o r  t h e  o c c u p a n t ' s  avenue o f  e j e c t i o n  f rom t h e  c a r ,  

i s  f u r t h e r  d e t a i l e d  i n  Tab le  7 .  T a b l e  7 shows a  s u b s t a n t i a l  d i f f e r e n c e  

between l a r g e  and sma l l  c a r s  and t h e  r a t e  o f  d r i v e r  e j e c t i o n  th rough  

windows and doors .  Small ca rs  a r e  d e f i n e d  here  as compacts and a n y t h i n g  

s m a l l e r ,  and l a r g e  c a r s  a r e  d e f i n e d  as i n t e r m e d i a t e s  and a n y t h j n g  

l a r g e r .  The t o t a l  r a t e  o f  e j e c t i o n  i s  h i g h e r  f o r  smal l  ca rs ,  though t h e  

r a t e  o f  e j e c t i o n  th rough  doors i s  s i m i l a r  t o  t h a t  o f  t h e  l a r g e  c a r s .  

The r a t e  o f  e j e c t i o n  th rough  windows, though, i s  d r a m a t i c a l  l y  d i f f e r e n t .  

A compar ison o f  e j e c t i o n  r a t e  th rough f r o n t  doors ,  f r o n t  door 

windows, and w i n d s h i e l d s  by passenger ca r  model year g roup ings  (Tab le  8) 

shows a  marked r e d u c t i o n  i n  door e j e c t i o n s  f o r  "newer" c a r s .  T h i s  t r e n d  

has been no ted  i n  o t h e r  s t u d i e s .  The door e j e c t i o n  r a t e  r e d u c t i o n  by  a  

f a c t o r  o f  two c o i n c i d e s  w i t h  t h e  development o f  improved door l a t c h e s  

and o u t s i d e  door hand les .  

Tab le  9 d i  s p l a y s  t h e  f requency o f  e j e c t  i o n  ( p a r t i a l ,  comple te ,  

e t c . )  by t h e  s t a t u s  o f  door open ing i n  t h e  c rash .  A l l  model year c a r s  

a r e  i nc luded ,  b u t  t h e  t a b l e  p r e s e n t s  e j e c t i o n  d a t a  f rom t h e  l e f t - f r o n t  

16Coding Manual and D e f i n i t i o n  f o r  N a t i o n a l  Crash S e v e r i t y  Study,  
CALSPAN F i e l d  S e r v i c e s .  1977 .  



TABLE 7 
E j e c t i o n  P o r t a l  and Car S i ze  ( D r i v e r s  Only) 

NCSS 27-Month (Weighted Data) 

$\Numbers i n  parentheses i n d i c a t e  t h e  percentage o f  d r i v e r s  i n  
each ca tegory .  

Sma 1 1 
Cars 

Large 
Cars 

seat  p o s i t i o n  ( d r i v e r )  o n l y .  Of p a r t i c u l a r  i n t e r e s t  i s  t h e  f a c t  t h a t  

32.7% o f  t h e  complete e j e c t i o n s  take p l a c e  w i t h o u t  any door opening a t  

a l l ,  and t h a t  t h e  l e f t - f r o n t  door opens about one-and-one-half  t imes as 

o f t e n  as t h e  r i g h t - f r o n t  door,  perhaps because o f  more f r e q u e n t  l oad ing  

o f  t h e  d r i v e r  door.  Note a l s o  t h a t  t he  f a c t  t h a t  a door opened does n o t  

n e c e s s a r i l y  mean t h a t  t h e  d r i v e r  e x i t e d  th rough t h a t  p o r t a l .  Actual  

e j e c t  i o n  f requenc ies  by occupant seat  l o c a t i o n  were shown i n  F igu re  4.  

For example, F igu re  4 i n d i c a t e s  t h a t  t h e r e  were 193 d r i v e r s  e j e c t e d  

though t h e  l e f t - f r o n t  door as compared w i t h  a t  l e a s t  223 l e f t - f r o n t  door 

operrings ( i n  ca rs  w i t h  e j e c t i o n )  shown i n  Tab le  9. F i n a l l y ,  t h e r e  were 

a  l a r g e  number o f  door openings w i t h o u t  e j e c t i o n  as shown i n  t he  f i r s t  

column o f  Tab le  9. 

Passenger car  occupants i n  the  f r o n t  seat  a re  most l i k e l y  t o  be 

e jec: ted f rom e i t h e r  a  window o r  a  door c l o s e s t  t o  t h e i r  seated p o s i t i o n ,  

then the  o p p o s i t e  door o r  window, and f i n a l l y  t he  w i n d s h i e l d .  A modest 

p r o p o r t i o n  o f  rea r - sea t  occupants was coded as e j e c t e d  th rough the  r o o f  

area.  E j e c t i o n  p o r t a l  i s  r e p o r t e d  as "unknown" f o r  a  1 a rge  number o f  

e j e c t e e s .  T h i s  problem was due i n  p a r t  t o  t h e  codes a v a i l a b l e  t o  t h e  

i n v e . s t i g a t o r .  I f ,  f o r  example, i t  was known t h a t  a d r i v e r  was e j e c t e d  

f rom t h e  l e f t  s i d e  o f  t h e  ca r ,  b u t  i t  was n o t  known whether t h e  e j e c t i o n  

was th rough t h e  door o r  t h e  window, o r  th rough an open o r  a c losed 

Number 
o f  Cars 

(Dr i v e r s )  

31,602 
(1 00%) 

33, 797 
( 1  00%) 

E j e c t  ions 

Door 

132 
(0.418) * 

107 
(0,317) 

Window 

108 
(0.342) 

3  1 
(0.092) 

Other 

152 
(0.481) 

86 
(0.254) 

To ta  1 

392 
(0.01240) 

2  2  4 
(0.663) 





TABLE 9 
E j e c t i o n  S t a t u s  versus  Door Opening ( D r i v e r  Only) 

NCSS 27-Month (Weighted) Data 

window, e j e c t i o n  p o r t a l  would be coded "unknown." Had a code been 

a v a i l a b l e  f o r  use t h a t  would have i n d i c a t e d  t h e  general  area o f  

e j e c t i o n ,  much da ta  would have been preserved.  

'The r e l a t i o n s h i p  between C D C  c l o c k  d i r e c t i o n  ( d i r e c t i o n  o f  impact 

f o r c e )  and e j e c t i o n  may be seen i n  F igu re  5 .  "Unknown i f  e j e c t e d ' '  cases 

Door 
Opened 

N o  Door 
Open i ng 

L e f t  F r o n t  

R i g h t  F ron t  

L e f t  Rear 

R i g h t  Rear 

L e f t  F ron t  + 
R i g h t  F ron t  

L e f t  F ron t  + 
L e f t  Rear 

R i g h t  F ron t  + 
R i g h t  Rear 

0 t her 
Combinations 

Unknown 
I f Opened 

T o t a l  

Unknown 
i f  

E jec ted  

442 
36.6% 

109 
9.0% 

50 
4.1% 

2 
0.2% 

1 
0.2% 

2 4 
2 .O% 

2 
0.2% 

1 
0.1% 

8 
0.7% 

568 
47 .1% 

1207 
100% 

T o t a l  

51,136 

1686 

1086 

8 1 

6 6 

276 

54 

2 4 

130 

13,169 

67,708 

No 
E j e c t i o n  

50,180 
76.8% 

1289 
2.0% 

926 
1.4% 

75 
0.1% 

6 2 
0 . 1 %  

158 
0.2% 

4 5 
0.1% 

20 
0.0% 

100 
0.2% 

12 943 
19.1% 

65,348 
100% 

Complete 
E j e c t i o n  

162 
32.7% 

176 
35.6% 

55 
1 1 . 1 %  

3 
0.6% 

1 
0.2% 

4 4 
8.9% 

3 
0.6% 

1 
0.2% 

9 
1.8% 

4 1 
8.3% 

4 95 
100% 

P a r t i a l  
E j e c t i o n  

78 
48.7% 

30 
18.8% 

2 2 
13.7% 

0 
0% 

1 
0.69% 

10 
6.3% 

2 
1,2% 

0 
0.0% 

2 
1.2% 

15 
9.4% 

160 
100% 

Trapped 

262 
54.7% 

8 0 
16,7% 

3 2 
6.7% 

1 
0.2% 

1 
0.2% 

3 7 
7 .7% 

2 
0.4% 

2 
0.4% 

1 1  
2.3% 

5 1 
10.6% 

479 
100% 

Other 
MD 

12 

2 

1 

0 

0 

3 

0 

0 

0 

1 

19 
100% 



have no t  been inc luded i n  t h i s  f i g u r e .  A review o f  N C S S  cases from 

va r i ous  teams and t ime per iods revealed t h a t  almost a l l  "unknown i f  

e jec ted ' '  cases should have been coded "no e j e c t i o n . "  A c lock d i r e c t i o n  

o f  00, o r  non-hor izonta l  fo rce ,  e x h i b i t s  the h ighes t  e j e c t i o n  r a t e .  

Non-hor izonta l  f o r c e  impacts most o f t e n  invo lved r o l l o v e r s ,  long 

i d e n t i f i e d  as the c o l l i s i o n  type most l i k e l y  t o  produce e j e c t i o n .  

F ron ta l  impacts w i t h  c lock  d i r e c t i o n s  o f  12, 1 1 ,  and 01 a l l  produce 

s i m i l a r  e j e c t i o n  r a tes ;  0.6%, 0.5%, and 0 . 5 % ~  r e s p e c t i v e l y .  Side 

impacts ( f o r ce  d i r e c t i o n s  o f  2-4  and 8-10 o ' c l ock )  produce h igher  

e j e c t i o n  r a t e s  than the  f r o n t a l  impacts. 



Numbers i n  parentheses i n d i c a t e  the percent  
o f  occupants e j e c t e d  f o r  each impact d i r e c -  
t i o n  shown, i .e., f o r  3:00 impacts, 2.6% o f  
a l l  occupants were e j e c t e d .  

00:OO (non-horizontal , 
(6.3 %) primarily rollover) 

F IGURE 5 
D i r e c t  ion  o f  Force Assoc ia t i on  w i t h  E j e c t  i on  

NCSS 27-month (weighted) Data 





5,0 CASE REVIEWS 

The NCSS da ta  con ta ined  f o u r  a c c i d e n t  cases i n  wh ich  b e l t e d  

occupants were r e p o r t e d  comp le te l y  e j e c t e d  f rom t h e i r  v e h i c l e s .  An 

i n i t i a l  c l o s e r  look a t  t he  d a t a  s e t  showed t h a t  t h e r e  were t h r e e  

complete e j e c t i o n s :  two occupants who were wear ing  l a p  b e l t s  o n l y ,  and 

one occupant who was u s i n g  a  pass i ve  shou lder  b e l t ,  The f o u r t h  case was 

t h e  p a r t i a l  e j e c t i o n  o f  an occupant wear ing  b o t h  l a p  be1 t and upper 

t o r s o  r e s t r a i n t .  

These f o u r  cases were rev iewed i n  more d e t a i l  and t h e  r e s u l t s  o f  

t h i s  rev iew  a r e  presented here .  

The f i r s t  case i n v o l v e d  a  1972 C a d i l l a c  t h a t  s t r u c k  a  1973 P i n t o  

s t a t i o n  wagon. The d r i v e r  o f  t h e  P i n t o  had been coded as hav ing  been 

wear ing  h i s  l a p  b e l t  o n l y  and b e i n g  comp le te l y  e j e c t e d .  I n  t h e  NCSS 

data  forms t h e r e  a re  p r o v i s i o n s  f o r  t h r e e  separa te  responses t o  t he  

q u e s t i o n  o f  r e s t r a i n t  use: t h e  p o l i c e  o f f i c e r ' s  o p i n i o n ,  t h e  response o f  

t h e  occupant when i n te rv iewed ,  and t h e  o p i n i o n  o f  t h e  i n v e s t i g a t o r  

c o n s i d e r i n g  t h e  f i r s t  two responses and any o t h e r  i n f o r m a t i o n  a v a i l a b l e  

t o  h~im (such as evidence found upon i n s p e c t i o n  o f  t h e  car )  . I n  t h i s  

p a r t i c u l a r  case, t he re  was an apparent  miscod ing.  When i n t e r v i e w e d  by 

the  a c c i d e n t  i n v e s t i g a t o r ,  t h e  P i n t o  d r i v e r  s t a t e d  t h a t  he was n o t  u s i n g  

any r e s t r a i n t  system. The o f f i c i a l  p o l i c e  a c c i d e n t  r e p o r t  made no 

ment ion  o f  any b e l t  use. W i t h i n  t h e  hard copy o f  t h e  case no evidence 

was found, o t h e r  than t h e  i n v e s t i g a t o r ' s  hav ing  marked " l a p  b e l t s  used," 

t h a t  would i n d i c a t e  t h a t  t he  b e l t s  were b e i n g  worn. 

The second case i n v o l v e d  a  1970 Mercury Cougar, d r i v e n  by a  30 

yea r -o ld  male, t h a t  r a n  o f f  t h e  road and s t r u c k  two separa te  o b j e c t s .  

I n  t he  forms i n  t he  o r i g i n a l  case, r e s t r a i n t  usage was coded as f o l l o w s :  

p o l i c e ,  l a p  o n l y ;  i n t e r v i e w ,  none; i n v e s t i g a t o r ,  l a p  and upper t o r s o .  

P a r t i a l  e j e c t i o n  was coded, though no evidence o f  t h i s  was found,  except  

i n  t he  p o r t i o n  o f  t h e  "Human" form where t h e  e j e c t i o n  response i s  

l oca ted .  The Cougar d r i v e r  sus ta ined  t h r e e  i n j u r i e s ;  a  contused r i g h t  

shou lder ,  f rom c o n t a c t  w i t h  t h e  w i n d s h i e l d ,  a  contused forehead,  from 



c o n t a c t  w i t h  t h e  s t e e r i n g  wheel,  and c h e s t  con tus ions  a l s o  f rom 

c o n t a c t i n g  t h e  s t e e r i n g  wheel ,  No men t ion  was made o f  how p a r t i a l  

e j e c t i o n  happened, o r  what p o r t i o n  o f  t h e  d r i v e r ' s  body was p a r t i a l l y  

e j e c t e d .  The o n l y  c o n c l u s i o n  a v a i l a b l e  as t o  r e s t r a i n t  use would be 

based on t h e  d r i v e r  i n t e r v i e w ,  and he r e p o r t e d  t h a t  he was n o t  u s i n g  any 

r e s t r a i n t .  I f  t h e  d r i v e r  was p a r t i a l l y  e j e c t e d ,  no i n f o r m a t i o n  was 

i nc luded  i n  t h e  case, and t h e r e  was a p p a r e n t l y  no i n j u r y  a s s o c i a t e d  w i t h  

t h e  p a r t i a l  e j e c t i o n .  I f  he was n o t  p a r t i a l l y  e j e c t e d ,  a  cod ing  m is take  

had been made. 

I n  t h e  t h i r d  b e l t e d - e j e c t i o n  case, documenta t ion  as t o  e j e c t i o n  and 

b e l t  usage was i nc luded .  A 1964 Ford G a l a x i e  fou r -doo r  s t r u c k  a  f i x e d  

o b j e c t  w i t h  i t s  f r o n t  end. Two a d d i t i o n a l  impacts a l s o  occur red.  The 

CDCs were as f o l  lows; OlRBESl, 1 1 L Y A W 3 ,  and 02FREW3. The 24 y e a r - o l d  

male d r i v e r  was comp le te l y  e j e c t e d  th rough t h e  r i g h t - f r o n t  door .  He was 

found o u t s i d e  t h e  car  w i t h  h i s  l a p  b e l t s  s t i l l  around him. The f l o o r -  

anchorage p o i n t s  were r e p o r t e d  as be ing  q u i t e  r u s t y ,  and they  gave way 

when t h e  l a p  b e l t s  were loaded by  t h e  d r i v e r  a t  impact .  He con tac ted  

t h e  g love  box area o f  t h e  i ns t rumen t  pane l ,  r e s u l t i n g  i n  an open 

f r a c t u r e  o f  h i s  l e f t  femur, and a l s o  con tac ted  t h e  r i g h t - f r o n t  door 

i n t e r i o r  pane l ,  Contact  w i t h  t h e  door panel r e s u l t e d  i n  h i s  f r a c t u r i n g  

h i s  r i g h t  humerus and h i s  r i g h t  w r i s t  p r i o r  t o  e x i t i n g  t h e  v e h i c l e  

th rough t h e  r i g h t - f r o n t  doo r .  Both t h e  l e f t - f r o n t  and t h e  r i g h t - f r o n t  

doors  were coded as hav ing  opened. No i n f o r m a t i o n  was a v a i l a b l e  as t o  

whether t h e  l a p  b e l t s  were o r i g i n a l  equipment o r  a f t e r m a r k e t  dev i ces  o r  

who may have i n s t a l  l e d  them. The d r i v e r  was h o s p i t a l  i zed  f o r  24 days 

and was r e p o r t e d  t o  have s t i l l  been hav ing  d i f f i c u l t y  w i t h  t r a n s i t o r y  

r a d i a l  nerve  p a l s y  a t  t he  t i m e  t h i s  case had been submi t ted  (1978) .  

The f o u r t h  be1 t e d - e j e c t i o n  case i n v o l v e d  a  1978 Vol kswagen Rabbi t 

2-door, equipped w i t h  VW p a s s i v e  upper t o r s o  r e s t r a i n t s .  Besides b e i n g  

i nc luded  i n  t h e  NCSS data  s e t ,  t h i s  a c c i d e n t  was a l s o  documented i n  a  

Ca 1 span A C R S  r e p o r t ,  number 79-2, a  1 so numbered ZM-5864-V. 

On a  r u r a l ,  f o u r - l a n e  highway, covered w i t h  snow and i c e ,  a  1974 

Dodge Dar t  Custom 4-door sedan s t r u c k  t h e  1978 R a b b i t .  The two c a r s  had 

been approach ing one another f rom o p p o s i t e  d i r e c t i o n s  when t h e  Rabb i t  

d r i v e r  a p p a r e n t l y  l o s t  c o n t r o l  and came across  t h e  cen te r  l i n e  o f  t h e  



highway and began r o t a t i n g  counter -c lockwise .  When s t r u c k  i n  t he  r i g h t  

siide by t h e  Dar t ,  t he  Rabb i t  had r o t a t e d  t o  an impact c o n f i g u r a t i o n  j u s t  

beyond a  p o i n t  pe rpend icu la r  t o  t h e  Dodge. The impact speed o f  t he  Dar t  

was c a l c u l a t e d  t o  be 51.9 m i l e s  per hour,  and the  impact speed o f  t he  VW 

c a l  c u l  a t e d  t o  be 40.4 m i  1 es per hour ,  The Dar t proceeded, a f t e r  impact, 

i n  t h e  same d i r e c t i o n  and general  course as b e f o r e  impact. The Rabb i t  

was spun d r a m a t i c a l l y ,  by impact f o r c e s ,  i n  a  c l o c k w i s e  r o t a t i o n .  

The 33 yea r -o ld  male d r i v e r  o f  t h e  Rabb i t  was e j e c t e d  through the  

r e a r  hatchback f o l l o w i n g  the  v i o l e n t  sp inn ing  o f  t h e  VW as i t  and t h e  

Dcldge ceased engagement. He sus ta ined  m u l t i p l e  s k u l l  f r a c t u r e s  f rom 

c o n t a c t i n g  t h e  R a b b i t ' s  b a c k l i g h t  header, and cod ing  i n d i c a t e d  t h a t  he 

was f a t a l l y  i n j u r e d  p r i o r  t o  h i s  e j e c t i o n .  The d r i v e r  o f  t h e  Dar t  

s u s t a i n e d  one A I S  l e v e l  4 i n j u r y ,  one A I S - 3  i n j u r y ,  and 3 o the r  i n j u r i e s  

a t  AiS-2 o r  l ess .  A c o n c l u s i o n  presented i n  t h e  in -depth  r e p o r t  o f  t h i s  

a c c i d e n t  was t h a t  t h e  VW d r i v e r  would n o t  have been e j e c t e d  had he been 

wear ing  a  convent iona l  3 - p o i n t  r e s t r a i n t .  I t  was r e p o r t e d  t h a t  he had 

s l i p p e d  under t he  VW pass i ve  upper t o r s o  r e s t r a i n t  when the  seat-back 

r o t a t e d  rearward and t h a t ,  as he moved toward t h e  r e a r  o f  t h e  v e h i c l e ,  

h i s  f e e t  had caught  and p u l l e d  t h e  lower p o r t i o n  o f  t h e  padded 

i ns t rumen t  panel toward t h e  rea r  o f  t h e  c a r .  





6.0 MATCHED PA l R COMPAR l SON 

The f o l  l ow ing  s e c t  i o n  p resen ts  i n fo rma t  i o n  ob ta ined  f rom a  "Matched 

P a i r "  subset  o f  NCSS. Wi th  t h e  r e l a t i v e l y  l a r g e  number o f  cases i n  NCSS 

and t h e  d e t a i l e d  i n f o r m a t i o n  repo r ted ,  i t  was p o s s i b l e  t o  look  a t  

e j e c t i o n  and non -e jec t  i on o f  passenger c a r  occupants under t h e  same 

c i rcumstances.  I n i t i a l l y  t h e  d a t a  were scanned t o  i n c l u d e  o n l y  v e h i c l e s  

w i t h  a t  l e a s t  one e j e c t e d  occupant .  T h i s  g roup was f u r t h e r  reduced t o  

i n c l u d e  o n l y  those v e h i c l e s  w i t h  two f r o n t - s e a t  occupants.  From t h i s  

da ta  s e t  came those a c c i d e n t s  where one v e h i c l e  had two, and o n l y  two, 

occupants, a t  l e a s t  one o f  whom was e jec ted .  A d i r e c t  comparison may be 

made between e j e c t e d  and non-e jec ted occupants  o f  t h e  same v e h i c l e .  

Other. compar isons ,  such as e j e c t e d  d r i v e r s  ve rsus  e j e c t e d  r  i g h t - f r o n t  

seat  passengers, a r e  a l s o  i n c l u d e d  i n  t h i s  s e c t i o n .  

F i g u r e  6 compares t h e  t rea tmen t  l e v e l s  (o r  degree o f  i n j u r y )  o f  40 

r i g h t : - f r o n t  sea t  passengers and d r i - ve rs  who were b o t h  e j e c t e d  f rom t h e  

same c a r .  I n j u r y  was n o t  r e p o r t e d  on t h e  A I S  s c a l e  f o r  a l l  occupants i n  

t h i s  da ta  s e t ,  and t h e r e f o r e  s e v e r i t y  o f  i n j u r y  by t ype  o f  medical  

t rea tment  (a r a t h e r  complete r e c o r d  i n  t h e  NCSS data)  was employed. 

Thus t h e  p o i n t  i n  t h e  upper l e f t  hand co rne r  o f  t he  graph rep resen ts  a  

passenger car  f o r  which t h e  e j e c t e d  d r i v e r  was hospi  ta1  i zed o v e r n i g h t  

w i t h  t h e  e j e c t e d  r i g h t - f r o n t  seat  passenger n e i t h e r  t r e a t e d  nor 

t r a n ~ ~ p o r t e d  t o  a  medical  f a c i  1 i t y  ( i  .e., i n j u r e d  o n l y  s l i g h t l y  o r  n o t  a t  

a1 I ) ,  The d i s t r i b u t i o n s  a r e  q u i t e  symmetr ical ,  w i t h  d r i v e r s  hav ing  o n l y  

s1 i g h t l y  more severe i n j u r y  (ser iousness o f  t rea tment )  than t h e i r  

passenger c o u n t e r p a r t s  f rom t h e  same v e h i c l e .  

F i g u r e  7 shows t h e  NCSS C l a s s i f i c a t i o n  ( l e v e l  o f  t rea tment )  o f  

e jec tees  and non-e jec tees  o f  t h e  same v e h i c l e .  The NCSS d a t a  s e t  

conta ined 74 cases i n  which a  v e h i c l e  was occup ied by two, and o n l y  two, 

f r o n t - s e a t  occupants,  and i n  which one was e j e c t e d  and t h e  o t h e r  n o t  

e j e c t e d .  C l e a r l y ,  e j e c t e d  occupants were i n j u r e d  more s e r i o u s l y  

( r e q u i r e d  a  h ighe r  l e v e l  o f  t rea tment )  than those who were n o t  e jec ted .  

Though many o f  t h e  e j e c t e d  and non-e jec ted persons i n  t he  same car  had 







equal l e v e l s  o f  t r ea tmen t  ( t hose  cases l y i n g  a l o n g  t h e  45' l i n e ) ,  and 

some non -e jec ted  occupants r e q u i r e d  more s e r i o u s  t rea tmen t ,  no non- 

e j e c t e d  occupant  i n  t h e  matched p a i r  s e t  was f a t a l l y  i n i u r e d ,  w h i l e  16 

o f  those e j e c t e d  were. Other d a t a  s u p p o r t  t h e  c o n c l u s i o n  t h a t  one i s  

more l i k e l y  t o  be s e r i o u s l y  i n j u r e d  i f  e j e c t e d  than i f  n o t  e j e c t e d .  

T h i s  matched p a i r  comparison i n d i c a t e s  t h a t  t h i s  i s  t r u e  f o r  occupants  

o f  t h e  same crashed v e h i c l e .  



APPENDIX A 

Comments on Case Reviews 

I n  the process o f  rev iewing the  o r i g i n a l  case ma te r i a l s  from the 

NCSS program a number o f  problems o f  i n t e r p r e t a t i o n  occurred. I n  most 

cases the hard copy ma te r i a l s  contained va luable  in fo rmat ion  which could 

no t  be f u l l y  coded i n t o  the computerized f i l e s  because o f  the s p e c i f i c  

coding conventions used f o r  NCSS. The pr imary purpose o f  t h i s  appendix 

i s  t o  present in fo rmat ion  on these mat ters  which may be o f  va lue i n  

p lanning and conduct ing f u t u r e  data a c q u i s i t i o n  programs, 

From the 74 NCSS cases i n  which one occupant was e j ec ted  and the 

other  occupant no t  e jected,  1 1  cases i nvo l v i ng  a f a t a l  e j e c t i o n  are the 

bas is  f o r  t h i s  review. I n  s i x  o f  the cases i t  was the d r i v e r  who had 

been e jec ted .  The other f i v e  e j ec ted  occupants were r i g h t - f r o n t - s e a t  

passengers, None o f  the e j ec ted  d r i v e r s  or  passengers was coded as 

having used r e s t r a i n t s .  

Contacts Producing I n j u r y  

A l l  111 e jec ted  occupants were coded as having contacted the door or  

some component o f  the  door such as the i n t e r i o r  door panel, arm r e s t ,  or  

window winder handle. Occupant contact  po in t s  were unknown or  missing 

f o r  f i v e  o f  the non-ejected occupants ( i nc l ud ing  one who was repor ted 

no t  in ju red)  . I n  f i v e  o f  the s i x  cases where t h i s  in format  ion was 

repor ted,  a  door was coded as having been contacted by the non-ejected 

occupant. Though i n  many instances there were other  i n t e r i o r  contact  

po in t s  f o r  bo th  the e jec ted  and non-ejected occupants, i n  these f i v e  

cases both the  occupants of  the v e h i c l e  contacted the door nearest  t o  

them, though no t  s imul taneous ly .  Th is  type o f  occupant movement would 

be t y p i c a l  o f  a  mul t i - impact  acc ident ,  a  r o l l o v e r ,  or  a  crash i n  which a 

v e h i c l e  underwent some type o f  dramat ic change i n  d i r e c t i o n .  

E i e c t i o n  P o r t a l s  

I n  a l l  1 1  cases the e jec ted  person l e f t  the v e h i c l e  through a 

p o r t a l  on h i s ,  or  her ,  s ide  o f  t h a t  veh i c l e .  S ix  occupants were e jected 

through a f r o n t  door window opening, c losed or  open, and the other  f i v e  



t h rough  a  f r o n t  door opening.  I n  some cases the  door was no longer  

a t t a c h e d  t o  t h e  v e h i c l e .  I n  o t h e r  cases t h e  door was i n t a c t ,  b u t  open. 

I t  was judged t h a t  each o f  t h e  e j e c t e d  occupants would have avo ided 

comple te  e j e c t i o n  had they  been u s i n g  l a p  b e l t s  and upper t o r s o  

r e s t r a i n t s ,  a l t h o u g h  p a r t i a l  e j e c t i o n  m i g h t  s t i l l  have occu r red .  

Acc iden t  C o n f i g u r a t i o n s  and Cause 

E i g h t  o f  t h e  e leven  cases were s i n g l e  v e h i c l e  a c c i d e n t s .  A l l  e i g h t  

i n v o l v e d  r o l l o v e r  o f  t h e  case v e h i c l e .  O f  t he  t h r e e  rema in ing  cases, 

one i n v o l v e d  a  passenger car  s t r u c k  by a  t r a i n ,  one was a  passenger car  

t h a t  was s t r u c k  i n  t h e  s i d e  by ano the r  ca r  ( w i t h  subsequent impacts w i t h  

a  p o l e  and a  t r e e )  , and the  l a s t  case i n v o l v e d  a  passenger car  t h a t  

s t r u c k  a  c o n s t r u c t i o n  b a r r i e r ,  a  parked ca r ,  and f i n a l l y  a cu rb .  I n  

each case t h e  c o l l i s i o n  t h a t  produced e j e c t i o n  f e a t u r e d  v i o l e n t  movement 

o f  t h e  v e h i c l e  and i t s  occupants.  I n  f o u r  o f  t h e  r o l l o v e r  cases 

excess i ve  speed was s p e c i f i c a l l y  n o t e d  i n  t h e  case r e p o r t .  

A common f a c t o r  was n o t i c e d  i n  t h e  1 1  matched p a i r  e j e c t i o n  cases, 

as i n  most a l l  acc iden ts ,  t h a t  i s ,  t h a t  t h e  acc iden t  p r o b a b l y  c o u l d  have 

been avo ided  had t h e  d r i v e r ,  o r  d r i v e r s ,  exe rc i sed  more c a u t i o n .  I n  a l l  

e l e v e n  cases e i t h e r  use o f  a l c o h o l ,  excess i ve  speed, l o s s  o f  c o n t r o l ,  o r  

improper l ane  useage were r e p o r t e d ,  Because o f  t h e  purpose o f  t h e  NCSS 

s tudy ,  t h i s  k i n d  o f  i n f o r m a t i o n  was n o t  encoded, b u u t  can o f t e n  be 

determined by r e a d i n g  t h e  case m a t e r i a l .  

l n i u r y  D e t a i l s  

I n  two o f  t h e  e leven  matched p a i r  cases,  i t  was known o n l y  t h a t  t h e  

occupants s u s t a i n e d  f a t a l  i n j u r i e s ,  b u t  no f u r t h e r  d e s c r i p t i o n  was 

p r o v i d e d .  I n  one o f  these two cases,  i t  i s  l i k e l y  t h a t  head i n j u r i e s  

were i n c u r r e d  due t o  c o n t a c t  w i t h  t h e  r o o f  o f  t h e  v e h i c l e .  I n  b o t h  

i ns tances ,  i t  was t h e  d r i v e r  who was e j e c t e d ,  and b o t h  c o n t a c t e d  t h e i r  

r e s p e c t i v e  l e f t  f r o n t  doors  e i t h e r  p r i o r  t o  o r  w h i l e  b e i n g  e j e c t e d  

th rough  t h e  door opening.  

I n  t h e  n i n e  rema in ing  cases, seven e j e c t e d  occupants sus ta ined  head 

i n j u r i e s .  The two who d i d  n o t  (bu t  f o r  whom i n j u r y  i n f o r m a t i o n  was 

a v a i l a b l e )  b o t h  s u s t a i n e d  ches t  i n j u r i e s .  One o f  these was r e p o r t e d  t o  



have rece ived chest i n j u r i e s  on ly  and the other  t o  have a l so  susta ined a  

neck i n j u r y .  l n j u r y  s e v e r i t y  comparisons f o r  e j ec ted  and non-ejected 

occupants w i t h i n  the 1 1  se lected cases us ing  the  Abbreviated I n j u r y  

Scale ( A I S )  are  no t  poss ib le .  I n  some o f  the 1 1  cases A I S  i s  coded 

whi I e  i n  o ther  cases l e v e l  o f  t reatment such as "Treated and Released" 

o r  "Admitted t o  Hosp i t a l "  a re  the o n l y  i n d i c a t o r s  o f  i n j u r y  seve r i t y .  

For the f a t a l l y  i n j u r e d  occupants, the  on l y  in fo rmat ion  prov ided was 

t h a t  they were " k i l l e d " .  Most o f t e n  t h i s  was because no autopsy was 

performed and the o n l y  i n j u r y  in fo rmat ion  prov ided i n  the  case came from 

a  coroner l s  r epo r t .  Any in fo rmat ion ,  such as what body area was 

i n j u red ,  o r  a d e s c r i p t i o n  such as "crushed s k u l l " ,  t h a t  would come from 

a  coroner would appear on ly  i n  the hard copy o f  the case. Such 

in fo rmat ion  was no t  coded f o r  NCSS, as a  co rone r ' s  r e p o r t  was considered 

unsubstant ia ted medical data.  Th is  d i f f i c u l t y  w i l l  be discussed more a t  

length l a t e r .  

Neck i n j u r y  was c i t e d  i n  f i v e  o f  the eleven cases f o r  the e j ec ted  

occupant. I n  fou r  o f  these instances, the neck i n j u r y  accompanied a  

head i n j u r y ,  The f i f t h  case was a  combinat ion chest i n j u r y  and neck 

i n j u r y .  Non-ejected occupants were more 1 i k e l y  t o  sus ta i n  i n j u r i e s  o f  

the ex t r em i t i es ,  the back, and the face, tended t o  sus ta i n  head and 

neck i n j u r  i es. 

Included as Table 10 i s  a  cha r t  showing the in fo rmat ion  a v a i l a b l e  

f o r  the eleven se lec ted  cases. Each l i n e  represents  one v e h i c l e  and 

g ives the c o l l i s i o n  c o n f i g u r a t i o n  f o r  t h a t  veh i c l e ,  t he  C D C  ( C o l l i s i o n  

Deformat ion  C l a s s i f i c a t i o n )  f o r  the impact t h a t  produced e j e c t  ion, and 

i n j u r y  and other  i n f o rma t i on  f o r  the e jec ted  and non-ejected occupants. 

l n j u r y  s e v e r i t y  i s  g iven  as AIS when a v a i l a b l e ,  o therwise as medical 

t reatment l e v e l .  Occupant contact  p o i n t s  are l i s t e d ,  though they may 

no t  necessar i l y  be f o r  the  i n j u r i e s  t h a t  are noted. I n  on ly  one case 

were r ~ s t r a i n t s  used by an occupant, and t h i s  occurrence i s  repor ted.  

Coding Conventions and Problems 

Exami~nation o f  s p e c i f i c  NCSS case repo r t s  prov ided an oppo r t un i t y  

not  on ly  t o  get  more d e t a i l e d  in fo rmat ion  regard ing e j e c t i o n ,  bu t  a l s o  

t o  comp3re the ma te r i a l  w i t h i n  a  case r e p o r t  w i t h  the computerized data 
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NON-EJECTED OCCUPANT V E H I C L E /  
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f i l e .  Of ten some l eve l  o f  d e t a i l  was l o s t  i n  the  coding process. The 

reason f o r  t h i s  data loss  was no t  always the  same. For example, o f t e n  

some degree o f  i n j u r y  in fo rmat  i on  cou ld  be found i n  the "hard copy" o f  a  

case bu t  no t  t r a n s f e r r e d  t o  the coded m a t e r i a l  o f  the case because o f  

the  N C S S  coding convent ions.  

A t  t imes du r i ng  the course o f  the NCSS,  i n j u r y  in fo rmat ion  prov ided 

by the n o n - f a t a l l y  i n j u r e d  occupant i n  an i n t e r v i ew  was t r e a t e d  i n  a  

d i f f e r e n t  manner. Throughout most o f  t he  p r o j e c t ,  o n l y  med i ca l l y  

documented i n j u r y  i n f o rma t i on  could  be coded. As o f  March, 1978, minor 

i n j u r i e s  as descr ibed by an in terv iewee cou ld  be coded, i f  they were i n  

a d d i t i o n  t o  in fo rmat ion  supp l ied  by an accepted coding source such as a  

d ischarge summary. 

The e f f e c t  o f  these i n s t r u c t i o n s  was t o  keep coded i n j u r y  da ta  i n  

the  NCSS f i l e  "c lean"  i n  t h a t  they would a l l  be obta ined from a  medical 

source. Th is  convent ion works w e l l  u n t i l  one looks a t  cases where data 

i s  m iss ing  because a  medical r e p o r t  was no t  a v a i l a b l e  o r ,  i n  the  case o f  

the  1 1  e j e c t i o n  case repo r t s ,  no autopsy was performed. 

The Nat i ona 1 Acc i den t Samp 1 i ng Sys tem (NASS) has made p rov  i s  i ons 

t o  improve on t h i s  problem, I n j u r i e s  a re  coded w i t h  p r i o r i t y  g iven  t o  

accepted medical sources. I f  i n j u r y  i n f o rma t i on  i s  a v a i l a b l e  on ly  from 

a  coroner o r  an in terv iewee,  i t  may s t i l l  be coded. Another v a r i a b l e  i s  

inc luded t h a t  g ives  the source o f  the i n j u r y  in fo rmat ion ,  such as an 

autopsy r e p o r t ,  an emergency room r e p o r t ,  o r  an in te rv iew.  Not on l y  i s  

the  i n j u r y  i n f o rma t i on  t h a t  might  have been l o s t  i n  NCSS cases re ta i ned  

(because i t  would no t  have been coded and d i g i t i z e d  i n  NCSS) bu t  

conf idence i n  the  data may be assessed because o f  knowledge o f  the 

source o f  the  data.  

Sources o f  I n j u r y  Contact In fo rmat ion  

When i n j u r y  i n f o rma t i on  was a v a i l a b l e  i n  a  N C S S  case i n  a  coded 

form, "source o f  i n j u r y " ,  or  what an occupant may have contacted t o  

cause t h a t  i n j u r y ,  was a l s o  coded. Some problems were noted w i t h  t h i s  

v a r i a b l e .  I f  an occupant remained i n  a  v e h i c l e  i t  was usua l l y  eas ie r  t o  

asce r t a i n  what contacted p o r t i o n  o f  the v e h i c l e  i n t e r i o r  may have been 

assoc ia ted w i t h  a  p a r t i c u l a r  i n j u r y  than i t  would be f o r  an e jec ted  



occupant .  Given t h a t  one has a  c e r t a i n  amount o f  knowledge o f  t h e  

v e h i c l e ' s  movement d u r i n g  t h e  c rash,  one a l s o  has a  good idea o f  t h e  

occupants movement w i t h i n  t h e  v e h i c l e .  I f  t h e  occupant s u s t a i n s  

i n j u r i e s  w h i l e  i n  t he  v e h i c l e ,  w h i l e  e x i t i n g  t h e  v e h i c l e ,  and a f t e r  

e x i t i n g  t h e  v e h i c l e ,  a s s o c i a t i n g  damaged, o r  contac ted,  p o r t i o n s  o f  t h e  

v e h i c l e  i n t e r i o r  becomes more complex, I n  t h e  i n j u r y  cod ing  i n  a  NCSS 

case, o n l y  one i n j u r y  sou rce ,  (occupant con tac t )  c o u l d  be coded. T h i s  

v a r i a b l e  was e v i d e n t l y  coded f o r  t h e  most l i k e l y  con tac t ,  and i t  would 

sometimes have been more i n f o r m a t i v e  t o  have had an o p t i o n  o f  r e c o r d i n g  

seve ra l  c o n t a c t s  f o r  a  p a r t i c u l a r  i n j u r y .  Du r ing  t h e  course  o f  t h e  

matched p a i r  rev iew,  i n j u r y  sources and c o n t a c t  p o i n t s  were examined and 

most o f t e n  found t o  be p l a u s i b l e  as coded, though o f t e n  another  source 

m igh t  have been j u s t  as p l a u s i b l e ,  

CDC Codin1 

I n  a n a l y z i n g  the  d i g i t a l  NCSS f i l e  a  s l i g h t  problem e x i s t s  i n  

regards  t o  C D C  and e j e c t i o n .  T h i s  i s  n o t  so much a  problem i n  t h e  sense 

o f  t h e  NCSS d a t a  i t s e l f ,  b u t  i n  t h e  approach f o r  c o r r e l a t i n g  C D C  and 

e j e c t i o n .  For each v e h i c l e  i n  a  NCSS case up t o  two CDCs c o u l d  be 

coded. The impact number w i t h i n  t he  a c c i d e n t  sequence would be 

assoc ia ted  w i t h  a  g i ven  C D C ,  The t o t a l  number o f  impacts f o r  each 

v e h i c l e  would a l s o  be coded. The conven t i on  f o r  cod ing  the  two CDCs was 

t o  use t h e  two w i t h  t he  h ighes t  s e v e r i t y  (De l ta  V i f  C R A S H  runs  were 

made) o r  t h e  two t h a t  produced t h e  most damage t o  t h e  v e h i c l e .  Though 

i t  may n o t  have occu r red  o f t e n ,  i t  i s  p o s s i b l e  t h a t  t h e  impact t h a t  

produced e j e c t i o n  would n o t  be coded, I n  one o f  t h e  1 1  matched p a i r  

a c c i d e n t s  t h i s  was t h e  case. A passenger car  was t r a v e l l i n g  i n  an urban 

area and s t r u c k  a c o n s t r u c t i o n  b a r r i e r .  I t  then con t i nued  down t h e  road 

where i t  s t r u c k  a  parked c a r .  The impact w i t h  t h e  parked car  t o r e  t h e  

r i g h t  f r o n t  door o f f  t he  v e h i c l e  l a t e r  was t h e  e x i t  p o r t a l  f o r  t h e  

occupant .  The car  then con t i nued  f u r t h e r  down t h e  road where i t  yawed 

and r o t a t e d  coun te r - c lockw ise .  A t  t h i s  t ime t h e  r i g h t  f r o n t  passenger 

was p robab ly  hanging on t o  components i n  t he  i n t e r i o r  t o  keep f rom 

" f a l l i n g  ou t " .  As t h e  car  r o t a t e d ,  t he  r i g h t  f r o n t  passenger was 

e j e c t e d .  He moved forward,  i n  t h e  d i r e c t i o n  t h e  v e h i c l e  was t r a v e l l i n g ,  

s t r u c k  t h e  ground, and was then s t r u c k  by the  car  he had been r i d i n g  i n  



as i t  s t r uck  a  curb.  I n  t h i s  acc ident  no C D C  was w r i t t e n  f o r  the ca r /  

curb/passenger impact , and hence the C D C  i nf  orma t i on ava i 1 ab 1 e  f o r  t he  

case was no t  d i r e c t l y  assoc ia ted w i t h  the  e j e c t i o n ,  

The v a r i a b l e  " E j e c t i o n  Area" a l s o  presented some problems i n  1 i g h t  

o f  the  d e t a i l e d  case review. Twenty-eight separate codes were used t o  

i d e n t i f y  s p e c i f i c  areas o f  e j e c t i o n .  An ' lo ther"  code was included, as 

were codes f o r  " m i  ss i ng data", "unknown e j e c t  ion area", and I1unknown i f 

e jec ted l l .  The twenty e i g h t  s p e c i f i c  codes were no t  unique areas, For 

example, L e f t  Front  Window, as an i n d i v i d u a l  area, had th ree  d i f f e r e n t  

code va lues,  One was used i f  the window had been open, one i f  i t  had 

been c losed  and damaged, and the t h i r d  i f  i t  had been unknown i f  t he  

window was open or no t .  As s p e c i f i c  as the  codes were, they s t i l l  d i d  

no t  cover some p o s s i b i l i t i e s .  I f  t he  i nves t i ga to r  knew the s p e c i f i c  

area o f  e j e c t i o n  the a v a i l a b l e  codes worked w e l l ,  bu t  o f t e n  one would 

no t  know i f  an occupant had been e j e c t e d  through a  door or  a  window, 

even though i t  might be known, or  reasonably presumed, t h a t  the general 

area o f  e j e c t i o n  was the  l e f t  f r o n t .  I f  the  i n v e s t i g a t o r  cou ld  no t  come 

t o  a  dec i s i on ,  the on l y  cho ice would be "unknown e j e c t i o n  area". I f  the  

i n v e s t i g a t o r  d i d  decide, bu t  w i t h  h e s i t a t i o n ,  i t  i s  q u i t e  poss ib le  t h a t  

t he  wrong choice was made. Had a  code f o r  general area o f  e j e c t i o n ,  

such as l e f t  f r o n t  door--and/or--window been a v a i l a b l e ,  some l o s t  data 

would have been re ta i ned  and usefu lness o f  t h i s  v a r i a b l e  improved. 

R e s t r a i n t s  

I n  a l l  e leven matched p a i r  cases, i t  was judged t h a t  use o f  

a v a i l a b l e  r e s t r a i n t s  would have prevented e j e c t i o n ,  I n  some cases 

p a r t i a l  e j e c t i o n  might  s t i  1 1  have been poss ib l e  ( f  l a i  1 i ng  arms, heads, 

o r  to rsos )  bu t  the l i k e l i h o o d  o f  a  f a t a l  i n j u r y  would have been 

d r a m a t i c a l l y  reduced. I n  th ree  cases t h a t  fea tu red  a  good deal o f  

occupant compartment i n t r u s i o n ,  i t  m igh t  s t i l l  have been poss ib le  t h a t  

t he  occupant would have been severe ly  i n j u red  even had he been 

r e s t r a i n e d .  We be l i eve ,  however, t h a t  the  s e v e r i t y  o f  i n j u r y  f o r  these 

t h ree  occupants would have been less  had they remained i n  t h e i r  

r espec t i ve  veh i c l es .  



I n  t ak i ng  a c lose  look a t  how e j e c t i o n  was p r e c i p i t a t e d  i n  these 

matched p a i r  cases, one r e c u r r i n g  f a c t o r  was noted. E j e c t i o n  seemed 

more l i k e l y  t o  be assoc ia ted w i t h  v i o l e n t  or dramat ic  movement, o r  

d i r e c t i o n a l  change, o f  a  veh i c l e ,  i f  t h i s  movement were no t  along the 

l o n g i t u d i n a l  ax i s  o f  the  ca r .  Th is  i s  obvious i n  r o l l o v e r  acc idents ,  

bu t  i s  a l s o  apparent i n  o ther  crashes. I n  the t h ree  cases i n v o l v i n g  

more than one veh i c l e ,  the cars  underwent dramat ic change i n  d i r e c t i o n .  

The pa th  the e j ec ted  occupant would f o l l o w  tended t o  take two forms. 

E i t he r  they would head d i r e c t l y  toward a door or  window opening, and 

e x i t  through t h a t  opening, o r  they would move about i n  the i n t e r i o r  

s t r i k i n g  t h i s  o b j e c t  o r  t h a t  and then " f i n d "  a  p o r t a l  f o r  e j e c t i o n .  The 

d i f f e r e n c e  between these two path types seemed t o  be whether the  

occupant was e j ec ted  i n i t i a l l y  or  a f t e r  coming i n  con tac t  w i t h  a  number 

o f  i n t e r i o r  components. The movement o f  the occupants cou ld  a l s o  be 

descr ibed as v i o l e n t ,  or  w i t h  dramat ic changes i n  d i r e c t i o n ,  

p a r t i c u l a r l y  i n  cases where they contacted a number o f  i n t e r i o r  surfaces 

p r i o r  t o  e j e c t i o n .  

The 1 1  matched p a i r  cases found i n  the NCSS data presented an 

oppo r t un i t y  t o  make d i r e c t  comparisons, i n  a  number o f  areas, between 

e j ec ted  and non-ejected occupants i n  the same crashes. The dramat ic 

d i s p a r i t y  i n  i n j u r y  s e v e r i t y  between those occupants who a re  e jec ted  and 

those who remain i n  the  car i s  apparent.  

Being ab le  t o  rev iew ac tua l  case repo r t s  o r  "hard copy" i s  

important i n  any study i n  order  t o  have a b e t t e r  understanding o f  the 

coding o f  va r i ab l es .  The d e t a i l e d  rev iew o f  the 1 1  f a t a l  e j e c t i o n  case 

repo r t s  prov ided an oppo r t un i t y  t o  make comparisons i n  a  number o f  areas 

regard ing the NCSS data.  I n  a d d i t i o n ,  va r ious  f a c t o r s  r e l a t e d  t o  

e jec ted  and non-ejected occupants o f  the same v e h i c l e  were compared. O f  

p a r t i c u l a r  b e n e f i t  i n  the  NCSS cases were the  ex tens ive  notes and 

annotat ions' ,  Not on l y  d i d  these notes p rov ide  a d d i t i o n a l  i n fo rmat ion  

regard ing cases, bu t  helped p o i n t  ou t  both s t rengths and weaknesses w i t h  

coded va r i ab l es .  
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