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METHODOLOGY 

C o l l i s i o n  c o n f i g u r a t i o n s  and i n j u r i e s  were  s t u d i e d  i n  a c c i -  

d e n t  d a t a  f i l e s  m a i n t a i n e d  a t  HSRI, w i t h  p a r t i c u l a r  emphas is  on 

r ea r - end  c r a s h e s  and i n j u r i e s  t o  o c c u p a n t s  of c a r s  damaged i n  t h e  

rear .  To p l a c e  r ea r - end  c o l l i s i o n s  and rear-damaged c a r s  i n  

p e r s p e c t i v e ,  some d e s c r i p t i v e  s t a t i s t i c s  were  d e r i v e d  f o r  t h e  

g e n e r a l  a c c i d e n t  p o p u l a t i o n .  

Data f i l e s  a d d r e s s e d  i n  t h i s  s t u d y  a r e  of two g e n e r a l  types- -  

( 1 )  p o l i c e - r e p o r t e d  d a t a ,  and ( 2 )  i n -dep th  ( M u l t i d i s c i p l i n a r y  

a c c i d e n t  i n v e s t i g a t i o n )  d a t a .  The fo rmer  r e p r e s e n t  e s s e n t i a l l y  

a c e n s u s  of a c c i d e n t s  r e p o r t e d  t o  p o l i c e  i n  each  of t h e  s e v e r a l  

a r e a s  s t u d i e d .  The l a t t e r  r e p r e s e n t  a  s e l e c t i o n  of  ( g e n e r a l l y )  

more s e v e r e  c r a s h e s  and a  s e l e c t i o n  p r o c e s s  t h a t  h a s  i n t r o d u c e d  

some known and unknown b i a s e s  i n t o  t h e  d a t a .  

While t h e  p o l i c e - r e p o r t e d  a c c i d e n t s  l a c k  d e t a i l ,  t h e y  p e r m i t  

a l o o k  a t  bo th  t h e  r e l a t i v e  f r equency  and s e v e r i t y  of  r e a r - e n d  

c r a s h e s .  The in-depth  d a t a  c o n t a i n  such e l e m e n t s  a s  s e a t  s e p a r a t i o n ,  

i n j u r y - t y p e ,  and e x t e n t  o f  v e h i c l e  damage, and t h i s  p e r m i t s  some 

a n a l y s i s  o f  t h e  i n t e r r e l a t i o n s h i p  of  such f a c t o r s .  

Some l i m i t a t i o n s  of t h e  d a t a  must be k e p t  i n  mind. Crash- 

s e v e r i t y  measures  ( e  . g . ,  t h e  C o l l i s i o n  Deformat i o n  C l a s s i f i c a t i o n )  

a r e  n o t  p r e c i s e  enough t o  p e r m i t  comple te  i s o l a t i o n  of  such 

f a c t o r s  a s  s e a t  f a i l u r e  a s  an i n j u r y - p r o d u c i n g  mechanism. But 

if  an e f f e c t  i s  s t r o n g  enough,  t h e  d a t a  do p r o v i d e  u s e f u l  r e s u l t s .  

The a c c i d e n t  d a t a  can g i v e  c o n s i d e r a b l e  i n s i g h t  i n t o  t h e  e x i s t e n c e  

o f  a  pro, , l?! i ,  but  t h e y  cannot  p r o v i d e  d e s i g n  p a r a m e t e r s  f o r  t h e  

s o l u t i o n  of t h e  problem.  We have no ted  i n  t h e  t e s t  t h o s e  a r e a s  

d e s e r v i n g  f u r t h e r  d e s i g n  and e x p e r i m e n t a l  e f f o r t .  



CONCLUSIONS 

1. Annual Frequency of  Rear-Impact Crashes  i n  U.S. Rear- 

impacted v e h i c l e s  c o n s t i t u t e  app rox ima te ly  20% of  a l l  damaged 

v e h i c l e s  i n  a c c i d e n t s  r e p o r t e d  by p o l i c e  agencies--an e s t i m a t e d  

2 ,180 ,000  v e h i c l e s  a n n u a l l y .  

2 .  Seve r i t -y  o f  _Rear--1-mpact C o - l l i s i o n s .  W h i l e  r e a r  impac t s  

a r e  f r e q u e n t ,  r e l a t i v e l y  few of  t h e m  a r e  s e v e r e ,  i n ju ry -  p roduc ing  

c r a s h e s .  I n  91% of  such i m p a c t s ,  p o l i c e  r e p o r t s  i n d i c a t e  t h a t  

occupan t s  of t h e  v e h i c l e  s u f f e r e d  no i n j u r i e s .  P o l i c e - r e p o r t e d  

minor i n j u r i e s  a r e  i n c u r r e d  i n  6 .8% of such i m p a c t s ,  modera te  

i n j u r i e s  i n  1 .7%)  s e v e r e  i n j u r i e s  i n  0 .4%,  and f a t a l  i n j u r i e s  i n  

0 .06% of t h o s e  impac t s  ( t h e  l a t t e r  a c c o u n t i n g  f o r  app rox ima te ly  

1 ,200 f a t a l i t i e s  a n n u a l l y  i n  t h e  U , S . ) .  

3 .  Annual Freque-ncy- o f ,  whiplash-  1Qu-r-ies. Whiplash neck 

i n j u r i e s  a r e  p o o r l y  d e f i n e d  and unde r s tood  g e n e r a l l y .  They 

t e n d  t o  be  minor  and f r e q u e n t l y  a r e  r e c o g n i z e d  a day o r  more 

a f t e r  t h e  a c c i d e n t ,  and t h u s  t h e y  a r e  h i g h l y  u n d e r - r e p o r t e d  

among p o l i c e  d a t a .  Using a  broad  i n j u r y  d e f i n i t i o n ,  t h e  num- 

b e r  o f  w h i p l a s h  i n j u r i e s  o c c u r r i n g  na t ionwide  i n  r ea r - impac ted  

v e h i c l e s  ( e s t i m a t e d  from i n c i d e n c e  and occupancy d a t a  i n  re- 

s e a r c h  s t u d i e s )  is abou t  14  m i l l i o n  a n n u a l l y ,  F e d e r a l  esti- 

mates  o f  t h e  number of t h e s e  t h a t  might be r e d u c i b l e  by head 

r e s t r a i n t s  a p p e a r  h i g h l y  o p t i m i s t i c ,  i n  t h a t  t h e y  a r e  unsup- 

p o r t e d  by f i n d i n g s  o b t a i n a b l e  from c u r r e n t l y  a v a i l a b l e  a c c i -  

d e n t  d a t a .  

4 ,  E f f e c t  of  S e a t  B e l t  Use on Rear-Impact I n j u r i e s .  

Ana lyses  o f  a v a i l a b l e  d a t a *  show no s i g n i f i c a n t  d i f f e r e n c e  i n  

t h e  f r equency  o r  s e v e r i t y  of i n j u r i e s  t o  s e a t - b e l t e d  and non- 

s e a t - b e l t e d  o c c u p a n t s  of  r ea r - impac ted  v e h i c l e s .  

--------------- 
*Only t h e  c u r r e n t  R e s t r a i n t  Systems E f f e c t i v e n e s s  Study 
f i l e  p r o v i d e s  d a t a  which have been o b t a i n e d  by p r o p e r  
s ampl ing  t e c h n i q u e s  and which c o n t a i n  a d e q u a t e  i n f o r -  
mat ion  on b e l t  u sage  and occupant  i n j u r y .  



5. E f f e c t  of  Head R e s t r a i n t s  on Neck I n j u r i e s .  A n a l y s e s  

o f  a v a i l a b l e  i n - d e p t h  d a t a *  do no t  show s i g n i f i c a n t  r e l a t i o n -  

s h i p s  between " w h i p l a s h "  i n j u r i e s  and t h e  p r e s e n c e  o r  a b s e n c e  

o f  head  r e s t r a i n t s .  T h i s  may r e s u l t  from f i e l d  teams  hav ing  

s e l e c t e d  g e n e r a l l y  more s e v e r e  a c c i d e n t s  f o r  i n v e s t i g a t i  on  and  

i n c l u s i o n  i n  t h e  f i l e .  The more l i k e l y  e x p l a n a t i o n  i s  t h a t  head  

r e s t r a i n t s  r e d u c e  neck i n j u r i e s  s o  l i t t l e  t h a t  t h e  r e d u c t i o n  

is n o t  d e t e c t a b l e  w i t h  t h e  g i v e n  sample  s i z e s ,  

6 .  E f f e c t  o f  S e a t  S e p a r a t i o n  on I n j u r i e s .  A v a i l a b l e  d a t a  

show* , e x p e c t a b l y ,  t h a t  t h e  more s e v e r e  a  c r a s h ,  t h e  more 

l i k e l y  i t  is t h a t  s e a t s  w i l l  s e p a r a t e  and occupan t  i n j u r i e s  

w i l l  be  s e v e r e .  However, t h e  d a t a  l a c k  t h e  p r e c i s i o n  n e c e s s a r y  

t o  c o n f i r m  a  c a u s a l  r e l a t i o n s h i p  between s e a t  s e p a r a t i o n  and 

f r e q u e n c y  o r  s e v e r i t y  o f  i n j u r i e s  i n  r e a r  i m p a c t s ,  

7 .  E f f e c t  o f  S e a t b a c k  D e f l e c t i o n  on I n j u r i e s .  A v a i l a b l e  

d a t a  show* , e x p e c t a b l y ,  t h a t  t h e  more s e v e r e  a  c r a s h ,  t h e  more 

l i k e l y  i t  is t h a t  s e a t b a c k  d e f l e c t  i on  w i l l  o c c u r .  However, t h e  

d a t a  a g a i n  l a c k  t h e  p r e c i s i o n  n e c e s s a r y  t o  e s t a b l i s h  any c a u s a l  

r e l a t i o n s h i p  between s e a t b a c k  d e f l e c t i o n  and  f r e q u e n c y  o r  

s e v e r i t y  o f  i n j u r i e s .  

8 .  Me thodo log ica l  C o n s i d e r a t  i o n s .  T h e  b e s t  c u r r e n t  means 

of  a s s e s s i n g  t h e  r o l e  o f  head  r e s t r a i n t s  and o t h e r  s e a t i n g  sys -  

tem components a r e  e x p e r i m e n t a l  c r a s h  tests and c a r e f u l l y  con- 

t r o l l e d  f i e l d  s t u d i e s  d i r e c t e d  t o  s p e c i f i c  r e s e a r c h  q u e s t i o n s .  

RECOMMENDAT IONS 

We have  a t t e m p t e d  t o  p r e s e n t  here a  p i c t u r e  o f  t h e  i n c i -  

dence  o f  r e a r - i m p a c t e d  v e h i c l e s ,  o f  i n j u r i e s  t o  o c c u p a n t s  i n  

r e a r  i m p a c t s ,  and o f  i n t e r a c t i o n s  w i t h  c e r t a i n  c h a r a c t e r i s t i c s  

o f  t h e  s e a t i n g  s y s t e m s ,  such  a s  head  r e s t r a i n t s  and /o r  

s e p a r a t i o n  f rom t h e  mount ing .  L i m i t a t i o n s  of  t h e  e x i s t i n g  d a t a  
--------------- 

*Only t h e  C o l l i s i o n  Per formance  and I n j u r y  Repor t  f i l e  con- 
t a i n s  v a r i a b l e s  which c a n  be u s e d  f o r  s t u d y i n g  t h e s e  pro-  
b lems .  



become most  a p p a r e n t  when o n e  a d d r e s s e s  s u c h  s p e c i f i c  p r o b l e m s ,  

and  t h e r e  a r e  s e v e r a l  d i r e c t i o n s  which  are a p p r o p r i a t e  t o  

s t r e n g t h e n  t h e  d a t a  f o r  s u c h  a n a l y s e s  i n  t h e  f u t u r e .  
The c r a s h - s e v e r i t y  m e a s u r e s  c u r r e n t l y  a v a i l a b l e  i n  t h e  in -  

d e p t h  f i l e s  a r e  n o t  s u f f i c i e n t  t o  r e s o l v e  t h e  dynamic  c o n d i t i o n s  

o f  t h e  c r a s h  wel l  enough t o  j u d g e  t h e  i n j u r y - p r o d u c i n g  e f f e c t s  

o f  s e a t  s t r e n g t h  f o r  r e a r  i m p a c t s .  The highway s a f e t y  community 

s o r e l y  n e e d s  a  d e f i n i t i o n  of  c r a s h  s e v e r i t y  p r e c i s e  enough s o  

t h a t  i t  c a n  b e  a d e q u a t e l y  a p p l i e d  and e f f e c t i v e l y  u t i l i z e d  i n  

d a t a  a n a l y s e s .  The work o f  C a r l s o n  ( 1 ) )  Campbel l  ( 2 ) ,  and  o t h e r s  

h a v e  been  a t t e m p t s  i n  t h i s  d i r e c t i o n ,  b u t  t h e r e  is  a  r e a l  need  

f o r  i m p l e m e n t i n g  a  w o r k a b l e  s y s t e m  now. T h i s  s h o u l d  become a  

s e p a r a t e  r e s e a r c h  p r o j e c t  w i t h  a d e q u a t e  f u n d i n g  f o r  deve lopment  

o f  t h e  m e a s u r e ( s )  a s  wel l  a s  f o r  i n c o r p o r a t i o n  o f  t h e  m e a s u r e  

i n  t h e  f i l e  f o r  e x i s t i n g  c a s e s .  

Whip lash  ( i . e . ,  dynamic  n o n - c o n t a c t )  i n j u r i e s  t o  p a r t s  o f  

t h e  body o t h e r  t h a n  j u s t  t h e  n e c k ,  and i n  c o l l i s i o n  c o n f i g u r a t i o n s  

o t h e r  t h a n  r e a r - i m p a c t ,  s h o u l d  be  c o n s i d e r e d  i n  s u b s e q u e n t  m o d i f i -  

c a t i o n s  o f  s e a t i n g  s y s t e m s .  

I n  t h e  CPIR f i l e  ' " w h i p l a s h "  i s  i n c l u d e d  a s  p a r t  o f  a c a t c h a l l  

c o n t a c t  code  t h a t  makes a n a l y s i s  f o r  o n l y  w h i p l a s h  i n j u r i e s  d i f -  

f i c u l t .  Only 24 .4% of  " w h i p l a s h w - a s s o c i a t e d  neck  i n j u r i e s  o c c u r r e d  

i n  r ea r -damaged  v e h i c l e s ,  and " w h i p l a s h 1 " - a s s o c i a t e d  i n j u r i e s  

o c c u r r e d  i n  a l l  body r e g i o n s .  We h a v e  o n l y  l i g h t l y  r e v i e w e d  t h e s e  

phenomena h e r e ,  b u t  t h e y  s h o u l d  be  l o o k e d  a t  f u r t h e r .  

The i d e n t i f i c a t i o n  and r e c o r d i n g  o f  w h i p l a s h  i n j u r i e s  by 

MDAI f i e l d  i n v e s t i g a t i o n s  s h o u l d  be  r e f i n e d .  The p r e s e n t  i n j u r y  

scales ( b o t h  t h e  AIS a n d  t h e  p o l i c e  KABC s c a l e )  d o  n o t  p r o v i d e  

f o r  a d e q u a t e  d e s c r i p t i o n  o f  s u c h  i n j u r i e s .  A l t h o u g h  t h e  l a t e n t  

e f f e c t s  o f  o t h e r  i n j u r i e s  ( s u c h  as  b r o k e n  arm) a r e  r e a s o n a b l y  

w e l l  known, c o m p l a i n t s  o f  w h i p l a s h  i n j u r i e s  are so common t h a t  

s u c h  i n j u r i e s  need  t o  be  much more c a r e f u l l y  d e f i n e d  i n  

a c c i d e n t - i n v e s t i g a t  i o n  f o r m s  and i n j u r y  c o d e s .  



1 . 0  INTRODUCTION 

Rear-end c o l l i s i o n s  c o n t i n u e  t o  be t h e  most common of  t h e  

f o u r  two-veh ic l e  c o l l i s i o n  c o n f i g u r a t i o n s  r e p o r t e d  by t h e  N a t i o n a l  

S a f e t y  Counc i l  (NSC), w i t h  some 4 ,300 ,000--about  1/3 of a l l  two- 

v e h i c l e  c o l l i s i o n s - - e s t i m a t e d  f o r  1973 ( 3 ) .  O ' N e i l l  e t  a 1  specu- 
.I- 

l a t e d  t h a t  i f  t h e i r  i n s u r a n c e  company c l a i m s  d a t a  were t y p i c a l  

and a p p l i c a b l e  t o  t h e  U , S .  g e n e r a l l y ,  t h e r e  might be a s  many a s  

1 , 0 0 0 , 0 0 0  d r i v e r s  a l o r e  e x p e r i e n c i n g  wh ip l a sh  i n j u r i e s  from such 

c o l l i s i o n s ,  q u i t e  a p a r t  from o t h e r  o c c u p a n t s  and o t h e r  t y p e s  of  

i n j u r i e s  ( 4 ) .  The r e c e n t  r e p o r t  of  t h e  C o m p t r o l l e r  Gene ra l  

q u o t e s  NHTSA o f f i c i a l s  a s  e s t i m a t i n g  t h a t  " p r o p e r l y  a d j u s t e d  head 

r e s t r a i n t s  c o u l d  p r e v e n t  app rox ima te ly  931 ,000  w h i p l a s h  i n j u r i e s  

a  y e a r . "  ( 5 ) .  These s t a t e d  f r e q u e n c i e s  of r ea r - end  c o l l i s i o n s ,  

r e s u l t i n g  i n j u r i e s ,  and p o t e n t i a l  f o r  i n j u r y  r e d u c t i o n  a r e  a l l  

l a r g e .  Whether t h e y  a r e  a c c u r a t e  o r  n o t ,  i t  is c l e a r  t h a t  t h e s e  

t o p i c s  merit ongoing a t t e n t i o n ,  p a r t i c u l a r l y  i n  view of  S t a t e s '  

o b s e r v a t i o n ,  f o l l o w i n g  an e x t e n s i v e  review of t h e  l i t e r a t u r e ,  t h a t  

t h e  i n c i d e n c e  of i n j u r y  o c c u r r i n g  i n  r e a r - e n d  a c c i d e n t s  h a s  neve r  

been  c o n c l u s i v e l y  de t e rmined  ( 6 ) .  

A d d i t i o n a l  impetus  is g i v e n  t o  an i n v e s t i g a t i o n  o f  t h e s e  

t o p i c s  by t h e  N a t i o n a l  Highway T r a f f i c  S a f e t y  A d m i n i s t r a t i o n ' s  

p roposed  r e v i s i o n s  o f  F e d e r a l  Motor V e h i c l e  S a f e t y  S t a n d a r d s  202 

and 207 ,  S t a n d a r d  202 (Head R e s t r a i n t s )  became e f f e c t i v e  J anua ry  1, 

1969 and S t a n d a r d  207 (Anchorage of  S e a t s )  became e f f e c t i v e  

January 1, 1968 f o r  p a s s e n g e r  c a r s .  These s t a n d a r d s  have now been  

i n  e f f e c t  o v e r  6 y e a r s ,  and d e t e r m i n a t i o n  of t h e i r  e f f e c t i v e n e s s  

is  a p p r o p r i a  t e .  

The p u r p o s e s  here,  t h e r e f o r e ,  a r e  t o  p r e s e n t  p e r t i n e n t  a c c i -  

d e n t  d a t a  which have been c o l l e c t e d  s i n c e  t h e  s t a n d a r d s  became 

e f f e c t i v e  and t o  r e p o r t  some of t h e  a n a l y s e s  which have been 

conducted  w i t h  t h e s e  d a t a .  The a n a l y s e s  have a t t e m p t e d  t o  d e t e r -  

mine whe the r  c u r r e n t  e m p i r i c a l  d a t a  l e n d  s u p p o r t  t o  s t r e n g t h e n i n g  

and e x t e n d i n g  t h e  two s t a n d a r d s  d e a l i n g  w i t h  s e a t i n g  s y s t e m s .  

The s t u d y  h a s  focused  on r ea r - end  c o l l i s i o n s  and on v e h i c l e s  

which have i n c u r r e d  r ea r - end  damage, because  b e n e f i c i a l  e f f e c t s  



der iv ing  from proper seat ing-system design and cons t ruc t ion  

should be most r ead i ly  apparent i n  these  cases .  Other c o l l i s i o n  

conf igura t ions  have been included,  however, both t o  provide 

a  context  i n  which rear-end c o l l i s i o n s  should be viewed and because 

s e a t i n g  systems may in f luence  i n ju ry  p a t t e r n s  i n  o ther  accident  

conf igura t ions .  

An important l i m i t a t i o n  i n  t h e  scope of the  study is  t h a t  

t h e  da t a  were obtained from pol ice - inves t iga ted  accident  i n v e s t i -  

g a t i o n s  and from mul t i d i s c ip l i na ry  accident  i nves t i ga t i on  teams, 

Data from both sources ,  p a r t i c u l a r l y  the  po l i ce  agenc ies ,  a r e  

genera l ly  gathered w i t h i n  hours of t he  occurrence of an acc iden t .  
McLean, i n  North Carolina ( 7 ) ,  and S t a t e s  i n  Rochester ,  New York 

(6) ,  have shown t h a t  symptoms of neck i n j u r i e s  f requent ly  do not 
appear f o r  s e v e r a l  hours,  o r  even a  few days,  fol lowing an acci -  

den t .  Therefore t he  da t a  sources  used i n  t h i s  s t u d y  a r e  highly 

l i k e l y  t o  have under-reported t he  frequency of neck i n j u r i e s .  

I t  w i l l  be seen subsequently t h a t  t h i s  phenomenon has been 

accounted f o r  i n  ex t r apo la t i ng  da t a  from the  S t a t e  of Texas t o  a  

nationwide frequency,  b u t  t he  reader  is cautioned t h a t  elsewhere 

i n  the  repor t  the  repor ted f requenc ies  of i n j u r i e s  have been used 

"as is" without a  co r r ec t i on .  

Sect ion 2 - Rear-Damaged Vehicles i n  Perspective--provides 

gene ra l  information about rear-end c o l l i s i o n s  and rear-damaged 

veh ic l e s  from an overview perspec t ive .  Section 3 focuses on 

s e a t  s epa ra t i on  and in ju ry  p a t t e r n s  i n  va r ious  c o l l i s i o n  con- 

f i g u r a t i o n s  and examines t he  i n t e r a c t i o n s  among these  f a c t o r s .  

Sect ion 4 focuses  on rear-impacted veh ic les  and on casual ty  pat-  
t e r n s  occurr ing among such veh i c l e s ,  and examines s p e c i f i c a l l y  

s e a t i n g  system components and assoc ia ted  i n j u r i e s .  Several  

appendices conta in  both genera l  contextual  informat ion and 

presen ta t ions  of d e t a i l e d  da ta  on which the  t e x t  i s  based. 



2 .0  REAR-DAMAGE VEHICLES IN PERSPECTIVE 

2 . 1  Int roduct ion 

T h i s  s e c t i o n  provid2s an o v e r a l l  s t r u c t u r e  i n  which rear-  

damaged veh ic l e s  should be considered.  S i m i l a r i t i e s  and d i f -  

f e rences  between rear-damaged veh ic les  and veh ic les  i n  rear-end 

c o l l i s i o n s  a r e  noted,  and National  Safety Council es t imates  f o r  

t h e  nationwide frequency of rear-end c o l l i s i o n s  a r e  reviewed. 

In jury  f requencies  and s e v e r i t i e s  t o  occupants of rear-damaged 

veh ic l e s  a r e  g iven,  and t h e  damage s e v e r i t i e s  and veh ic le  types  

a s soc i a t ed  w i t h  rear-damage veh ic les  a r e  presented.  Also in- 

cluded a r e  data  about i n j u r i e s  t o  occupants of veh ic les  incur r ing  

damage i n  more than one l o c a t i o n .  Seat-bel t  performance i n  

rear-damaged veh ic l e s  i s  included,  and the  s ec t i on  concludes with 

nationwide es t imates  of both t he  frequency of rear-damaged veh ic les  

and the  frequency of whiplash i n j u r i e s  i n  such veh i c l e s .  

2.2 Frequencies and Percentages of Rear-End Co l l i s i ons  
and F a t a l  Rear-End Co l l i s i ons  

Each year  t he  National  Safety  Council es t imates  t he  nation- 

wide frequency of f a t a l  and t o t a l  a cc iden t s .  For 1973, Figure 1 

shows t h e  percentage of a l l  c o l l i s i o n s  of given conf igura t ions  

and the  percentage of f a t a l  c o l l i s i o n s  f o r  the  same con f igu ra t i ons ,  

and Table F-1 (Appendix F) d e t a i l s  the  frequency d a t a .  Note 

t h a t  rear-end c o l l i s i o n s  comprise 25 .9% of a l l  c o l l i s i o n s  but 

only 4 . 8 %  of a l l  f a t a l  c o l l i s i o n s .  Fu r the r ,  two-vehicle, rear-end 

c o l l i s i o n s  comprise 33.1% of a l l  two-vehicle c o l l i s i o n s  b u t  only 

11.9% of f a t a l ,  two-vehicle c o l l i s i o n s .  

The d i s t r i b u t i o n  of veh ic les  involved i n  f a t a l  acc iden ts  

and f a t a l i t i e s  i n  those  veh i c l e s  i n  Texas during 1973 is shown 

i n  Table F-2,  Appendix F. Of the  5,108 veh ic l e s  i n  f a t a l  acc i -  

d e n t s ,  414 (8.1%) were involved i n  rear-end c o l l i s i o n s .  O f  t h e  

3670 t o t a l  f a t a l i t i e s ,  229 (6 .2%)  occurred i n  rear-end acc iden t s .  

2 .3  Rear-End Co l l i s i ons  and Rear-Damaged Vehicles 

I t  might be expected t h a t  about hal f  t he  veh i c l e s  involved 

i n  rear-end c o l l i s i o n s  would exh ib i t  rear-end damage. Table F-3 



F i g u r e  1 

N a t i o n a l  S a f e t y  C o u n c i l  E s t i m a t e s :  P e r c e n t  o f  F a t a l  and  T o t a l  
Acc iden t s  f o r  Given C o l l i s i o n  C o n f i g u r a t i o n s ,  1973 

1-1 O/o of All Collisions of Given Configuration 

O/o of All Fatal Collisions of Given Configuration 

Total Pedestrian Two Veh. Two Veh. Two Veh. Two Veh. Other Non Collision 
Angle Head - On Rear End 0 t her 



i n  Appendix I?, prepared from t h e  Texas 5% Sample F i l e  of 1973 
* a c c i d e n t s ,  r e v e a l s  t h a t  t h i s  is  not t r u e ,  however. The t a b l e ,  

a b i v a r i a t e  d i s t r i b u t i o n  of veh i c l e s  by co l . l i s ion  conf igura t ion  ** 
and damage a r e a ,  shows t h a t  only 36.2% (3967) of a l l  veh i c l e s  

f o r  which a  damage determinat ion was made i n  rear-end c o l l i s i o n s  

s u f f e r e d  rear-end damage. By way o i  comparison t h e  percentages  

of  o t h e r  genera l  damage a r e a s  fo l low:  f r o n t  - 40.4%, s i d e  - 23.3%) 

and top  - 0 .1%.  

On the  o t h e r  hand, rear-end damage does occur i n  non-rear- 

end c o l l i s i o n  con f igu ra t i ons .  Of t he  5 ,430 veh ic l e s  i n  t h e  f i l e  

showing rear-end damage, 73.1% (3967) were i n  rear-end c o l l i s i o n s .  

Head-on c o l l i s i o n s  accounted f o r  4 .5%;  side-swipes accounted f o r  

3 . 2 % ;  angle c o l l i s i o n s  combined t o  account f o r  7 .8%; s ing l e -  

veh i c l e  c o l l i s i o n s  accounted f o r  6 .9%; and the  o t h e r  4.6% occurred 

i n  o t h e r  unspec i f ied  con f igu ra t i ons .  

TO a s s i s t  i n  choosing a  s e t  of veh i c l e s  f o r  subsequent 

a n a l y s i s ,  passenger c a r s  and pickup t r u c k s  from the  Co l l i s i on  *** 
Performance and In jury  Report (CPIR) F i l e  were a l s o  examined. 

Agreement between the  impact a r e a s  and t h e  impact vec to r s  was 

gene ra l l y  high.  S p e c i f i c a l l y ,  i t  was found t h a t  98.7% of a l l  

rear-damaged v e h i c l e s  have 05-, 06-, o r  07-0' clock impact vec to r s ,  

and t h a t  86.7% of veh i c l e s  w i t h  t he se  t h r e e  impact v e c t o r s  

e x h i b i t e d  rear-end damage. I t  was concluded, t h e r e f o r e ,  t h a t  t h e  

more app rop r i a t e  veh i c l e s  f o r  subsequent a n a l y s i s  were those  w i t h  

rear-end damage, i r r e s p e c t i v e  of t h e  pre-crash c o l l i s i o n  maneuvers. 

Furthermore, rear-impacted v e h i c l e s  s u b j e c t  t h e i r  f ron t - s ea t  occu- 

pan t s  t o  f o r c e s  which br ing  t h e  head r e s t r a i n t s  and sea tbacks  i n t o  

t h e i r  r e s t r a i n i n g  r o l e .  

* 
i . e . ,  t h e  po l i ce  r epo r t  t h a t  one veh i c l e  s t r u c k  another  i n  

t h e  r e a r  may a c t u a l l y  involve p r i n c i p a l  repor ted  damage t o  
t h e  s i d e  of t h e  s t ruck  c a r .  

** 
Texas p o l i c e  use the  TAD method of r epo r t i ng  damage l o c a t i o n  

and s e v e r i t y .  See (8 )  f o r  more d e t a i l .  

*** 
The C P I R  f i l e  i s  descr ibed i n  Appendix A .  



2 . 4  V e h i c l e  Damage Area and I n j u r y  S e v e r i t y  

F i v e  mass d a t a  f i l e s ,  c o v e r i n g  f o u r  d i f f e r e n t  j u r i s d i c t i o n s ,  

were used  t o  d e t e r m i n e  the d i s t r i b u t i o n  of i n j u r y  c a s u a l t i e s  

and f a t a l i t i e s  by damage a r e a :  ( 1 )  Texas  (1973) F a t a l  Veh ic l e  

F i l e ;  ( 2 )  Texas  (1973) 5% Sample V e h i c l e  F i l e ;  ( 3 )  Washtenaw 

County,  Michigan (1970-1973) V e h i c l e  F i l e ;  ( 4 )  Oakland County,  

Michigan (1973) Veh ic l e  F i l e ;  and ( 5 )  Denver County (1973) V e h i c l e  

F i l e .  The r e s u l t s  a r e  shown i n  T a b l e s  1 th rough  4 .  

T a b l e  1 d i s p l a y s  t h e  r e s u l t s  f o r  t h e  1973 Texas d a t a ,  r e v e a l i n g  

t h a t  17 .0% of  t h e  damaged v e h i c l e s  s u s t a i n e d  r ea r - end  damage. o f  

p e r s o n s  s u s t a i n i n g  "C" i n j u r i e s ,  2 3 . 2 %  were  o c c u p a n t s  of  r e a r -  

damaged v e h i c l e s ;  i t  can be s e e n  t h a t  t h i s  is t h e  o n l y  c e l l  i n  

t h e  rear-damage column which i s  o v e r - r e p r e s e n t e d  w i t h  r e s p e c t  

t o  t h e  p e r c e n t a g e  o f  rear-damaged v e h i c l e s .  A s  i n j u r y  s e v e r i t y  

i n c r e a s e s ,  t h e  p e r c e n t a g e  of i n j u r e d  p e r s o n s  occupying  r e a r -  

damaged v e h i c l e s  d r o p s  s h a r p l y .  The " A "  i n j u r y  and f a t a l i t y  c e l l s  

a r e  u n d e r - r e p r e s e n t e d  by f a c t o r s  of 8 . 5  (17.0%/2.0%) and  6 . 3  

(17 .0%/2 .7%) .  

The u n d e r - r e p r e s e n t a t i o n  of  f a t a l i t i e s  and i n j u r e d  o c c u p a n t s  

i n  r e a r - i m p a c t s  found i n  t h e  Texas d a t a  is  a l s o  found i n  Washtenaw 

County (Tab le  2 ) .  Here 2 3 . 7 %  of  t h e  v e h i c l e s  a r e  r e a r - i m p a c t e d ,  

b u t  t h e  o c c u p a n t s  of  t h e s e  v e h i c l e s  accoun t  f o r  on ly  5.1% of  

t h e  f a t a l i t i e s  and 18 .0% of t h e  i n j u r i e s .  S i m i l a r  results a l s o  

h o l d  f o r  Oakland County and f o r  Denver County ( T a b l e s  3 and 4 ) .  

The d a t a  from Denver a r e  p robab ly  less r e l i a b l e  t h a n  t h o s e  from 

t h e  o t h e r  r e p o r t i n g  a r e a s ,  because  i t  i s  n o t  p o s s i b l e  t o  a s s i g n  

an  a r e a  o f  w o r s t  damage o r  pr imary  impact  f o r  30.7% of t h e  

v e h i c l e s .  

F i g u r e s  2  and 3 d i s p l a y  t h e s e  r e s u l t s  g r a p h i c a l l y  f o r  t h e  

1973 Texas  d a t a .  F i g u r e  2  shows t h a t  rear-damaged v e h i c l e s  

r e p r e s e n t  1 3 . 9 %  of a l l  t r a f f i c  u n i t s  i nvo lved  i n  a c c i d e n t s .  

F i g u r e  3 d e m o n s t r a t e s  t h e  r e l a t i v e  p e r c e n t a g e s  of v e h i c l e s  damaged 

i n  d i f f e r e n t  a r e a s  f o r  t h o s e  v e h i c l e s  where a d e t e r m i n a t i o n  of 

damage a r e a  was made. The l e n g t h  of t h e  arrow r e p r e s e n t s  t h e  

number of v e h i c l e s  i n c u r r i n g  damage t o  an a r e a .  The shaded  a r e a s  

r e p r e s e n t  i n j u r i e s .  I t  can  be s e e n  t h a t  rear-damaged v e h i c l e s  



Table  1 

Percen tage  D i s t r i b u t i o n  of  Damaged Veh ic l e s  
and I n j u r e d  Occupants by Damage Area 

and I n j u r y  S e v e r i t y  : Texas (1973) 

* 
Damaged Veh ic l e s  

* 
"C" I n j u r y  Occupants 

* 
"B" I n j u r y  Occupants 

* 
"A" I n j u r y  Occupants 

**  
F a t a l i t i e s  

Damage Area 
Ba ck - Fron t  - S i d e  - - TOP T o t a l  

LC_ 

* 
Data s o u r c e :  Texas (1973) 5% Sample Veh ic l e  F i l e  

**  
Data s o u r c e :  Texas (1973) F a t a l  Veh ic l e  F i l e  

Table  2 

Pe rcen tage  D i s t r i b u t i o n  of Vehic les  and I n j u r e d  
Occupants by Damage Area : Washtenaw County (1970-1973) 

Damage Area M,D,  & 
% of T o t a l  - Rear Front  S i d e s  9 2  Other  T o t a l  
Damaged Veh ic l e s  23.7% 55.8% 14.0% 3.4% 3.1% 100% 

(52,244) 

I n j u r e d  Occupants  18.0% 55.6% 13.7% 9 .9% 2 .8% 100% 

(14,236)  

F a t a l i t i e s  5.1% 48.5% 19.6% 25.1% 1.7% 
100% 

(235) 

* " A " ,  "B", and "C" i n j u r i e s .  
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Tab le  3  

P e r c e n t a g e  D i s t r i b u t i o n  of  Veh ic l e s  and Worst I n j u r y  
S u s t a i n e d  by Damage Area :  Oakland County (1973) 

Damage Area 
M O D *  & 

Rear - Fron t  - S i d e s  - - TOP Other  

Damaged v e h i c l e s  25.8% 58.0% 12.4% 1.1% 2.7% 

A&B I n j u r i e s  7 .3% 70 .6% 14.6% 4.5% 3 .0% 

C I n j u r i e s  35 .4% 45 .7% 11.4% 1 .3% 6 .3% 

F a t a l i t i e s  5 .4% 54.1% 24.3% 16.2% 0.0% 

Tab le  4 

P e r c e n t a g e  D i s t r i b u t i o n  of  V e h i c l e s  and Worst I n j u r y  
S u s t a i n e d  by Damage Area :  Denver County (1973) 

Damage Area 
M O D ,  & 

Rear - Fron t  - S i d e s  - - Top Othe r  

Damaged v e h i c l e s  16 .7% 32.9% 19.5% 0.2% 30.7% 

A&B I n j u r i e s  4 . 8 %  34.7% 12.0% 1 .2% 47.3% 

C I n j u r i e s  27.8% 23.8% 14.0% 0.6% 33.8% 

F a t a l i t i e s  0 .0% 6 .9% 13.8% 3 . 4 %  75.9% 

T o t a l  

T o t a l  



comprise r e l a t i v e l y  less of t he  accident  and in ju ry  problem than 

do e i t h e r  f ron t -  o r  side-damaged veh ic l e s .  The under-represen- 

t a t i o n  of severe  i n j u r i e s  i n  rear-damaged v e h i c l e s ,  r e l a t i v e  t o  

o t h e r  impact a r e a s ,  is  a l s o  r e a d i l y  apparent .  

While rear-impacted veh i c l e s  a r e  not a s  important producers 

of f a t a l i t i e s  and severe  i n j u r i e s  a s  a r e  veh i c l e s  damaged e l s e -  

where, they do represen t  a  l a rge  propor t ion of t he  veh i c l e s  i n  

c r a shes .  The percent  of veh i c l e s  i n  Texas t h a t  were rear-im- 

pacted i s  17.0%. T h i s  r~umber is supported by t h e  f i g u r e s  from 

Washtenaw and Oakland Counties--23.7% and 25.8%. These r epo r t i ng  

a r e a s  a r e  more densely populated than t he  S t a t e  of Texas, and 

Oakland i s  somewhat more urban than Washtenaw. Since t h e  Nat ional  

Safety  Council e s t ima te s  t h a t  79% of a l l  rear-end c rashes  occur 

i n  urban a r e a s ,  these  r epo r t i ng  a r e a s  should have a  l a r g e r  per- 

centage of rear-impacts than a  more r u r a l  environment. Removing 

t h e  30.7% of t h e  veh i c l e s  w i t h  u n c l a s s i f i e d  impacts from t h e  

Denver da t a  l eaves  24.1% of the  veh i c l e s  i n  the  rear-impact 

ca tegory ,  cons i s t en t  w i t h  Washtenaw and Oakland Counties.  

The most important f ind ing  from these  t a b l e s  i s  t h e  under- 

r ep re sen t a t i on  of f a t a l i t i e s  and severe  i n j u r i e s  i n  rear-impacted 

veh i c l e s .  T h i s  f ind ing  i s  unanimous from a l l  four  r epo r t i ng  a r e a s ,  

and t h e  amount of under-representa t ion is  l a r g e .  

2 . 5  Damage Sever i ty  and Injury  Sever i ty  

Severely i n ju red  occupants a r e  under-represented among 

rear-impacted v ~ h i c l e s ,  compared t o  those i n  veh i c l e s  w i t h  o the r  

damage a r e a s .  A f u r t h e r  inquiry  i n t o  t h i s  p a t t e r n  i n  terms of 

damage s e v e r i t y  t o  t h e  involved veh i c l e s  was undertaken. 

Table 5 d i sp l ays  t he  percentage d i s t r i b u t i o n  of 1973 Texas 

veh i c l e s  by t h e  l oca t i on  and s e v e r i t y  components of t he  TAD 

( T r a f f i c  Accident Data) damage s c a l e .  T h e  TAD-scale r a t i n g s  a r e  

not d i r e c t l y  comparable f o r  d i f f e r e n t  damage a r e a s ,  b u t  b e t t e r  

measures of accident  s e v e r i t y  a r e  not cu r r en t ly  a v a i l a b l e  i n  

po l i ce  d a t a .  Rear-impacted v e h i c l e s ,  17.0% of t he  t o t a l ,  a r e  



both the only vehicles  w i t h  an over-representat  ion (24.0%) among 
those w i t h  l e a s t  damage (TAD "0" and "1") and the only vehicles 
under-represented i n  each of the more severe damage ca tegor ies .  

The Denver da ta ,  w i t h  t h e i r  three- level  damage scale--minor, 

moderate, and severe--paral le l  the Texas da ta .  Table 6 shows 

tha t  rear-impacted vehicles  a re  over-represented (30.6%) among 

those w i t h  minor damage compared t o  t h e i r  percentage (24 -2%) of 

a l l  vehic les .  Conversely, they are  under-represented i n  the  more 

severe ca tegor ies .  Side impacts peak w i t h  an over-representation 

among those w i t h  moderate damage; f r o n t a l  impacts peak w i t h  an 

over-representation among the severely damaged. 

A rough measure of vehicle damage sever i ty  fo r  the Washtenaw 

and Oakland County data  is  whether the vehicle was driven or  

towed from the  scene. The noteworthy fea tu res  of these t a b l e s  

( 7 ,  8) a re  the  marked under-representation of rear-impacted 

vehicles  among those towed from the scene and the marked over- 

representa t ion  of frontally-impacted vehicles  i n  the same group. 

A l l  four mass accident data  f i l e s  show rear-impacted 

vehic les  a s  a group t o  be l e s s  severely damaged than vehicles  

w i t h  o ther  types of impacts. T h i s  holds across three  s t a t e s  

and three  methods of measuring damage. The unanimity of these 

r e s u l t s  suggests tha t  the nat ional  p ic tu re  is s i m i l a r .  
A na tura l  assumption is tha t  there  i s  a strong cor re la t ion  

between l e s s e r  physical  damage t o  the vehicle and fewer i n j u r i e s  

t o  occupants i n  rear-impacted crashes.  While the co r re la t ion  

e x i s t s ,  there  i s  another f a c t o r .  Table 9 ind ica tes  t h a t  i n  Texas 

a la rge  proportion of the i n j u r i e s  i n  rear-impacted vehicles  

a re  occurring a t  a low TAD-scale r a t i n g .  Not only a re  4 5 . 8 %  

of the i n j u r i e s  i n  rear-impacted vehicles  occurring a t  a TAD 

of 2 or l e s s  (compared t o  16.5% of the i n j u r i e s  i n  vehicles  w i t h  

o ther  types of impacts),  b u t  rear-impacted vehicles  account f o r  * 
26.3% of a l l  i n j u r i e s  a t  a TAD of 2 or  l e s s  and a re  only 17.0% 

(Table 5) of the vehic les .  
--------------- 

* 
Derived from Table 9 :  626 x (24.1% + 21.7%) 

5486 x (6.7% + 13.2%) = 26 -3% 



T a b l e  5 

P e r c e n t a g e  D i s t r i b u t i o n  of V e h i c l e s  by Damage Area 
and Damage S e v e r i t y  Code : Texas  (1973) 

5% Sample Veh ic l e  F i l c  

Damage Area 
Rear  - F r o n t  - S i d e s  TOP - T o t a l  - N 

T o t a l  17.0% 41.6% 39 .8% 1 . 6 %  100% (31 ,886)  

TAD Damage 
S e v e r i t v  

Tab le  6 

P e r c e n t a g e  D i s t r i b u t i o n  o f  V e h i c l e s  by Damage Area 
and Damage S e v e r i t y  : Denver County (1973) 

Damage Area 
Rear F r o n t  S i d e s  T o t a l  - N - 

T o t a l  

Damage 
S e v e r i t y  

Minor 30.6% 44.7% 24 .7% 100% (18,438)  

Moderate 21.9% 45.5% 32.6% 100% (14 ,856)  

S e v e r e  14.1% 57.9% 28 .0% 100% ( 8 , 2 8 6 )  

Miss ing  d a t a  have been exc luded  from t h e  T a b l e s  above.  



Tab le  7  

P e r c e n t a g e  D i s t r i b u t i o n  o f  V e h i c l e s  by Damage Area 
and Post-Crash Cond i t ion  : Washtenaw County (1970-1973) 

Damage Area 
Rear - Frorlt S i d e s  Other  TOP - T o t a l  

T o t a l  24.7% 57.6% 13.3% 1 .9% 2 .4% 100% 
(40,352) 

Driven 30 .8% 52.6% 14.2% 0.2% 2 .2% 100% , 
(25 ,432)  

Towed 11.0% 69.6% 11.2% 5.670 2 .7% 100% , 
(12 ,671)  

* 2 ,249  v e h i c l e s  w i t h  miss ing  d a t a  have been exc luded .  

Table  8 

P e r c e n t a g e  D i s t r i b u t i o n  of Veh ic l e s  by Damage Area 
and Post-Crash C o n d i t i o n :  Oakland County (1973) 

Damage Area 
Rear - Fron t  S i d e s  % Other  T o t a l  

T o t a l  25.8% 58.0% 12.4% 1.1% 2.7% 100% 
(57 ,133 ) 

Driven 31.7% 52.4%, 12.9% 0.2% 2 .7% 100% , 
(41,378)  

Towed 10.2% 72.8% 11.1% 3 - 3 %  2 .6% 100% , 
(15,617)  

* 138 v e h i c l e s  mis s ing  d a t a  



Washtenaw County e x h i b i t s  p a r a l l e l  r e s u l t s .  From Table 10 

i t  is seen  t h a t  61.0% of t h e  i n j u r i e s  i n  rear- impacted v e h i c l e s  

a r e  occu r r i ng  i n  v e h i c l e s  d r i ven  from t h e  scene ,  a  pe rcen tage  

much h igher  than  f o r  v e h i c l e s  w i t h  o t h e r  t ypes  of impacts .  And 
* *  

rear- impacted v e h i c l e s  account f o r  43.0% of a l l  t h e  i n j u r i e s  

i n  d r i v a b l e  v e h i c l e s ,  wh i l e  they a r e  only 24.7% (Table 7 )  of 

a l l  v e h i c l e s .  

In Table 3 rear- impacted vehicles--25.8% of a l l  impacts-- 

i n  Oakland County, Michigan were shown t o  account f o r  35.4% 

of t h e  v e h i c l e s  w i t h  a  Worst I n ju ry  l e v e l  of "C" on t h e  K-A-B-C 

s c a l e ,  Of t h e  2527 rear- impacted v e h i c l e s  which make up t h i s  

35.4%, 2066 were d r i ven  from t h e  scene  (81.8%).  Comparat ively,  

of t h e  4620 v e h i c l e s  w i t h  o t h e r  t ypes  of impacts  and a Worst 

I n ju ry  l e v e l  of "C", only 1921 were d r i ven  from t h e  scene  (41.6%).  

2 . 6  Crash and In ju ry  P a t t e r n s  by Vehicle Type 

To examine f u r t h e r  t h e  p a t t e r n s  t h a t  appear among r ea r -  

impacted v e h i c l e s ,  t h e  frequency and t h e  s e v e r i t y  of t h e  involve-  

ments of  va r i ous  t ypes  of v e h i c l e s  were determined.  

2 . 6 . 1  Oakland County Data 

Table  11 shows t h e  d i s t r i b u t i o n  of veh i c l e  t ypes  i n  

Oakland County c r a s h e s  i n  1973. The v a r i a t i o n  i n  pe rcen tage  

between a l l  v e h i c l e s ,  rear-damaged v e h i c l e s ,  and f  ront-damaged 

v e h i c l e s  is  minor f o r  a l l  types  of v e h i c l e s .  However, a l l  t ype s  

of t r u c k s  i n  rear-end c o l l i s i o n s  a r e  over- represented  among 

t hose  damaged i n  t h e  f r o n t  and a r e  under- represented  among t hose  

damaged i n  t h e  r e a r  w i t h  r e s p e c t  t o  t h e i r  pe rcen tage  among a l l  

c rash- involved t r u c k s .  There a r e  probably many f a c t o r s ,  such 

a s  h igher  v i s i b i l i t y  of l a r g e  t r u c k s  and perhaps a tendency of 

m o t o r i s t s  t o  d r i v e  w i t h  g r e a t e r  headway between t r u c k s  and them- 

s e l v e s ,  which c o n t r i b u t e  t o  t h i s  p a t t e r n .  

**  
Derived from Table 10 :  2027 x 61.0% = 43,0g 

10,679 x 26.9% 



Table 9 

Percentage  D i s t r i b u t i o n  of I n ju r ed  Occupants by Damage Area 
and Damage Seve r i t y  Code: Texas (1973) 

5% Sample Vehicle F i l e  

Damage Area 

Rear 

Other  

T o t a l  

TAD Damage Scale  
0- 1 2 3 4-7 T o t a l  

Table  10 

Percentage  D i s t r i b u t i o n  of I n ju r ed  Occupants by R e a r / ~ r o n t  
Damage and Post-Crash Condi t ion :  Washtenaw County (1970-1973) 

Post-Crash Condit ion 
Damage Area Driven Towed M,D, - T o t a l  

Rear 61.0% 34.4% 4.6% 100% (2027) 

Front  19.0% 78.2% 2.8% 100% (8652) 

Tot a1  26.9% 69.9% 3.1% 100% (10,679) 



T a b l e  11 

D i s t r i b u t i o n  o f  Crash-  I n v o l v e d  V e h i c l e s  by Type o f  V e h i c l e  
a n d  R e a r / F r o n t  Dhmage A r e a :  Oak land  County  (1973 ) 

Rear-End C o l l i s i o n s  
A l l  C r a s h e s  Rear  Damage F r o n t  Damage 

Type N %- N % N % 

F u l l  3 0 3 4 2  
m I n t e r .  11179 
2 Comp . 8052 
0 S p o r t  134  5 

J e e p  1 4 9  
C a r r y a l l ,  

m Van 1737 
%: P i c k u p  3 2 8 1  
2 2   ruck- 
J Semi 

T a b l e  12  shows t h e  s e v e r i t y  of  c a s u a l t i e s  by v e h i c l e  t y p e ,  

among rea r -damaged  v e h i c l e s  i n  Oak land  County i n  1 9 7 3 .  L a r g e  

t r u c k s  h a v e  t h e  h i g h e s t  p e r c e n t a g e  o f  "No I n j u r y "  o f  a l l  v e h i c l e  

t y p e s .  Of a l l  r ea r -damaged  v e h i c l e s ,  c a r s  damaged i n  t h e  r ea r  

h a v e  t h e  l o w e s t  p e r c e n t a g e  o f  "No I n j u r y 1 '  and t h e  h i g h e s t  p e r c e n t a g e  

o f  "C1' i n j u r i e s  o f  a l l  v e h i c l e  t y p e s .  J e e p s ,  C a r r y a l l / ~ a n s  a n d  

P i c k u p s  fo rm a n  i n t e r m e d i a t e  g r o u p  i n  "No I n j u r y " ,  b u t  h a v e  a 

r a t e  o f  "K,A,B" i n j u r i e s  c o m p a r a b l e  t o  c a r s .  

2 . 6 . 2  T e x a s  Da ta  

T a b l e  13 shows t h e  d i s t r i b u t i o n  o f  v e h i c l e  t y p e s  i n  

T e x a s  c r a s h e s  ( t h r o u g h  u s e  o f  t h e  5% Sample f i l e )  i n  1 9 7 3 .  H e r e  

t o o ,  t h e  v a r i a t i o n s  i n  p e r c e n t a g e  are  m i n o r .  However,  c a r s  a r e  

o v e r - r e p r e s e n t e d  a n d  t r u c k s  of  a l l  k i n d s  a r e  u n d e r - r e p r e s e n t e d  * 
among t h o s e  damaged i n  t h e  r e a r  i n  r e a r - e n d  c r a s h e s .  Among 



T a b l e  12 

P e r c e n t a g e  D i s t r i b u t i c n  of  Rear-Damaged Veh ic l e s  by V e h i c l e  
Type and Worst I n j c r y  S u s t a i n e d :  Oakland County (1973) 

Type 

F u l l  
In te r ,  
Comp , 
S p o r t  
J e e p  
C a r r y a l l ,  

Van 
P ickup  
Truck 

C a r s  

No I n j u r y  
N "/c 

T a b l e  13  

D i s t r i b u t i o n  o f  Crash- Involved  V e h i c l e s  by V e h i c l e  
Type: Texas  (1973) 5% Sample Veh ic l e  F i l e  

Rear-End Crashes  
A l l  C ra shes  Rear Damage F r o n t  Damage 

N - .% N -% N % 

P a n e l ,  Van 53 1 1 . 8  54 1 . 4  84 2 . 0  

P i ckup  

T o t a l  

T r u c k s  433 1 . 5  32  0 . 8  
29633 

59 
rn 1 . 4  

4235 



v e h i c l e s  damaged i n  t h e  f r o n t  i n  r ea r - end  c o l l i s i o n s ,  t h e  per -  

c e n t a g e s  of  t h e  v e h i c l e  t y p e s  a r e  very  c l o s e  t o  t h o s e  f o r  a l l  

t y p e s  of  c r a s h e s .  

T a b l e  14 shows t h e  number of c a s u a l t i e s  by v e h i c l e  t y p e  i n  

rear-damaged v e h i c l e s  i n  Texas  i n  1973.  The most s t r i k i n g  f e a t u r e  

of  t h i s  t a b l e  i s  t h a t  no i n j u r i e s  o c c u r r e d  i n  rear-damaged l a r g e  

t r u c k s .  Cars  had t h e  lowes t  p e r c e n t a g e  of  v e h i c l e s  w i t h  "no 

i n j u r y , "  w i t h  p a n e l / v a n s  and p i ckups  i n  a  middle  g roup .  (For  

T a b l e  1 4 ,  x2 = 1 6 . 2 ,  df  = 6 ,  . 0 2 5 < p < . 0 1 ) .  

T a b l e  14  

D i s t r i b u t i o n  of  C a s u a l t i e s  i n  Rear-Damaged V e h i c l e s  by Veh ic l e  
Type and I n j u r y  S e v e r i t y :  Texas  (1973) 5% Sample Veh ic l e  F i l e  

C a s u a l t i e s  

C a r s  

P a n e l ,  Van 

P ickup  

Trucks  

K j A , B  C No I n j u r y  T o t a l  
N % _ .  N % - N % N % 

Ta-2les 11 and 12 show t h z t  c:.?; r z  2vc l r r ep re sen ted  amon- 

t h e  rear-damaged v e h i c l e s  i n  reay-2nd t y - 5  c o l l i s i o n s ,  w h i i e  .L:,eI:c 

of  a l l  k i n d s ,  e s p e c i a l l y  l a r g e  t r u c k s ,  a r e  u n d e r - r e p r e s e n t e d .  

T a b l e s  12 and 14  show t h a t  i n ju r i e s  o c c u r  most f r e q u e n t l y  i n  

rear-damaged c a r s  and l e a s t  r r e q u e n t l y  i n  rear-damaged l a r g e  

t r u c k s .  Vans and p i c k u p s  form an i n t e r m e d i a t e  g roup .  



2.7  Multiply-damaged Vehicles 

Collision-involved vehicles  frequently incur damage t o  more 

than one area ,  such as  damage t o  both the  front  and s ide  of the  

vehicle  i n  a  s ing le  accident .  Police-reported d a t a ,  however, 
typ ica l ly  include adequately de ta i l ed  information only on primary 

damage and omit any reference t o  secondary damage. The CPIR f i l e ,  
which does include secondary-damage information, was therefore  

used t o  examine the frequency w i t h  which multiply-damaged vehicles  

occur i n  a  c o l l i s i o n  f i l e  and t o  examine i n j u r y  r a t e s  f o r  those 

vehic les .  The percentages of multiply-damaged vehicles  and the 

casual ty  r a t e s  there in  a re  both higher than would be found i n  a  

representa t ive  accident sample because of the C P I R  f i l e  bias  

toward severe accidents .  

Table F-4 of Appendix F d isp lays  the d i s t r i b u t i o n  of CPIR 

vehicles  by primary damage a rea ,  and  i f  appl icable ,  secondary 

damage a rea .  Also displayed are  the number of persons k i l l e d  

and in jured  i n  these vehicles  on a cell-by-cell  bas is .  From the 

t a b l e  i t  can be seen t h a t  s l i g h t l y  more than one-third--36.0%, 

or  2547--of the 7,073 passenger ca r s  and pickups have two 

Coll is ion Deformation Class i f i ca t ions  (9)  recorded. The d i s t r i -  

bution of these 2,547 vehicles  by the  most common worst / lesser  

(primary/secondary) damage areas  is summarized below: 

Worst Damaee Area/Lesser Damage Area 

Front/Side 
Side/Si.de 
~ide/F ' ront  
Other/Side 
F r o n t / ~ r o n t  
~ e a r / ~ r o n t  
Other/Front 
Front/Ot her 

Frequency 



Each of  t h e  o t h e r  e i g h t  combina t ions  of  damage a r e a s  o c c u r s  

i n  less t h a n  100 v e h i c l e s ,  and t h e  e i g h t  t o g e t h e r  t o t a l  330 

v e h i c l e s  (13 .0%) .  Of t h e s e  330 v e h i c l e s ,  162 had secondary  damage 

i n  t h e  r ea r .  

The sequence  of damage-producing impac t s  is no t  r e c o r d e d  

and c o l l a t e d  w i t h  t h e  CDC damage i n f o r m a t i o n .  T h e r e f o r e ,  whe the r  

t h e  damage-producing impac t s  o c c u r r e d  i n  F r o n t / ~ e a r  o r  Rear /Front  

o r d e r  cannot  be de t e rmined  from t h e  d i g i t a l  d a t a .  

Among p a s s e n g e r  c a r s  and p i c k u p s ,  however,  i t  can be d e t e r -  

mined t h a t  8 5  v e h i c l e s  had t h e  w o r s t  damage i n  t h e  f r o n t  w i t h  

l e s s e r  damage i n  t h e  r e a r ,  and 133 v e h i c l e s  had t h e  w o r s t  damage 

i n  t h e  r e a r  w i t h  l e s s e r  damage i n  t h e  f r o n t .  The 85 compr ise  

1 .2% of a l l  p a s s e n g e r  c a r s  and p i ckups  and 3 . 3 %  of t h o s e  w i t h  

more t h a n  one CDC. The 133 comprise  1 . 9 %  of a l l  pa s senge r  c a r s  

and p i c k u p s  and 5 .2% of t h o s e  w i t h  more t h a n  one CDC, 

I n  T a b l e  F-4 i t  i s  i n t e r e s t i n g  t o  compare t h e  c e l l  "Primary- 

~ r o n t / S i n g l e  Damage Area" w i t h  t h e  c e l l  "Primary Front /Secondary  

Rear" and t h e  c e l l  "Primary ~ e a r / S i n g l e  Damage Area" w i t h  t h e  

c e l l  "Primary Rear/Secondary F ron t " .  The c e l l s  a r e  shown below. 

Pr imary F r o n t / S i n g l e  Damage Area Pr imary Front /Secondary Rear 

F a t a l  = 200 6 .7% F a t a l  = 9 10.6% 
I n j u r y =  2229 75.2% I n j u r y =  7 1  83.5% 
Prop.Dam. 521 17.6% Prop.Dam. 5 5.9% 
Unknown= 14 0 .5% Unknown = 0 o e O %  
T o t a l  = 2964 100.0% T o t a l  = 85 100.0% 

Primary Rear /S ingle  Damage Area Pr imary Rear/Secondary F r o n t  

F a t a l  = 3 1.1% F a t a l  = 2 1 , 5 %  
I n j u r y =  219 79.3% I n j u r y =  111 83 ,5% 
Prop.Dam, 52 18 .8% Prop.Dam. 20 15.0% 
Unknown 2 0.7% Unknown 0 0.0% 
Tot  a 1  276 100.0% T o t a l  = 133 100.0% 



The ~ r o n t / R e a r / F a t a l  percentage (10.6%) i s  1 .6  t imes  t h a t  

of t h e  Front /Single  ~amage/Fa ta l  percentage ( 6 . 7 % ) .  Conversely, 

t h e  ~ r o n t / S i n g l e  Damage/Property Damage percentage (17.6%) i s  

3 . 0  t imes  t h a t  of t h e  Front/Rear/Property Damage percentage (5 .9%) .  

The percentage of veh i c l e s  w i t h  r e a r  damage and a  f a t a l i t y  is 

1 .38  t imes higher  when t h e r e  i s  secondary f r o n t  damage than when 

t h e r e  is only one CDC. The percentage of veh i c l e s  w i t h  r e a r  

damage and w i t h  n e i t h e r  a f a t a l i t y  nor an i n j u r y  is 1 . 2 5  t imes  

higher  when t h e r e  is no second CDC than when t h e r e  i s  secondary 

f r o n t  damage. 

These two examples r a i s e  t h e  p o s s i b i l i t y  t h a t  when t h e  

worst  damage t o  a  veh i c l e  i s  i n  t h e  r e a r ,  a  second damage a r ea  

is not a s  s t rong ly  r e l a t e d  t o  increased  c a s u a l t i e s  a s  when t h e  

worst  damage i s  i n  t he  f r o n t  o r  elsewhere.  T h i s  sugges t s  t h a t  

t he  a r ea  of worst  impact i s  a  more important f a c t o r  than t h e  

ex i s t ence  of a  secondary impact .  

Table F-5, Appendix F ,  shows t h a t  2 . 3 %  (1174/50,198) of t h e  

passenger c a r s  involved i n  r e p o r t a b l e  c rashes  i n  Oakland County, 

Michigan i n  1973 experienced both f r o n t  and r e a r  damage. And 

3.7% of a l l  t h e  c rashes  i n  Oakland County caused both f r o n t  and 

r e a r  damage t o  a t  l e a s t  one of  the  t r a f f i c  u n i t s  ( c a r s ,  t r u c k s ,  

e t c . )  involved.  These f i g u r e s  should probably not be genera l ized  

a s  s ta tewide  o r  n a t i o n a l  s t a t i s t i c s ,  because Oakland County is 

ex t ens ive ly  urban and has  a l a r g e  amount of expressway. However, 

they a r e  probably q u i t e  r e p r e s e n t a t i v e  f i g u r e s  f o r  both f r o n t  

and r e a r  damage t o  v e h i c l e s  i n  urban a r e a s .  

2 . 8  E f f e c t s  of R e s t r a i n t s  i n  Rear-End Accidents 

The i n t e r a c t i o n  between lap/upper t o r s o  r e s t r a in t - sys t em 

usage and head r e s t r a i n t s  can be s tud i ed  only i n  a  s e t  of da t a  

w i t h  adequate informat ion on r e s t r a i n t  usage (10) .  I n  t h e  cur- 

r e n t  s tudy of r e s t r a i n t  system e f f e c t i v e n e s s ,  usage of r e s t r a i n t s  



is well  documented  and is  b e l i e v e d  t o  b e  c o r r e c t .  The d a t a  

o b t a i n e d  f o r  t h i s  s t u d y ,  however ,  d o  n o t  i n c l u d e  any d e t a i l  a s  

t o  t h e  p o s i t i o n  o f  t h e  h c a d  r e s t r a i n t s .  V e h i c l e s  s t u d i e d  i n c l u d e  

o n l y  newer  (1973-1975)  Amer ican-manufac tu red  m o d e l s  a n d  a 1 1  o f  

t h e s e  are e q u i p p e d  w i t h  some s o r t  o f  h e a d  r e s t r a i n t .  

T a b l e  1 5  p r e s e n t s  t h e  f i n d i n g s  f o r  f r o n t - o u t b o a r d  o c c u p a n t s  

o f  v e h i c l e s  w i t h  r e a r - i m g a c t  v e c t o r s  i n  terms o f  b e l t  u s e  and  

O v e r a l l  I n j u r y  S e v e r i t y  ( A I S ) .  The d a t a  a r e  w e i g h t e d  by t h e  

i n v e r s e  o f  t h e  s a m p l i n g  f r a c t i o n s  t o  r e c o n s t i t u t e  t h e  p o p u l a t i o n  

o f  new-car towaways i n  the s a m p l e d  r e g i o n .  

The d a t a  d o  n o t  show a  s i g n i f i c a n t  r e l a t i o n s h i p  ( a s  t e s t e d  

by a  c h i - s q u a r e  f o r  i n j u r y  v s ,  no  i n j u r y ) .  A s  a  c o n t r o l ,  t h e s e  

same o c c u p a n t s  were t e s t e d  f o r  t h e i r  d i s t r i b u t i o n  by c r a s h  

s e v e r i t y  u s i n g  t h e  CDC a s  shown i n  T a b l e  1 6 .  T h e s e  were a l s o  

n o t  s i g n i f i c a n t l y  d i f f e r e n t  f o r  t h e  th ree  b e l t - u s a g e  g r o u p s .  

T a b l e  1 7  shows t h e  d i s t r i b u t i o n  o f  C P I R - f i l e  o c c u p a n t s  by 

O v e r a l l  AIS a n d  l a p - b e l t  u s a g e  i r r e s p e c t i v e  o f  h e a d  r e s t r a i n t  
2 

u s e .  No d i f f e r e n c e s  a p p e a r  by e i t h e r  a  C h i - s q u a r e  t e s t  ( X  - 5 . 9 5 ;  

d f  = 7 ;  p  = 0 . 5 4 )  o r  by a  m o d i f i e d  RIDIT ( l l ) . t e s t .  From t h e  

l a t t e r  i t  c a n  b e  i n f e r r e d  t h a t  t h e  p r o b a b i l i t y  t h a t  t h e  b e l t e d  

o c c u p a n t s  s u s t a i n  t h e  same i n j u r y  s e v e r i t y  a s  u n b e l t e d  occu-  

p a n t s  i s  0 . 4 7 4 ,  and  t h a t  t h e  p r o b a b i l i t y  t h a t  t h e  b e l t e d  occu-  

p a n t s  s u s t a i n  e i t h e r  a  more o r  less s e v e r e  i n j u r y  is  0 . 2 6 3 .  

The c o n c l u s i o n  i s  t h a t  t h e r e  is no e v i d e n c e  o f  a n  e f f e c t  

o f  b e l t  u s a g e  on  i n j u r y  s e v e r i t y  f o r  e i t h e r  set  o f  r e a r - i m p a c t  

c a s e s .  However,  t h e  r e s t r a i n t - s t u d y  set o f  d a t a  a v a i l a b l e  f o r  

a n a l y s i s  i s  q u i t e  s m a l l  a t  t h i s  time a n d ,  a s  a l w a y s ,  i n f e r e n c e s  

f r o m  t h e  CPIR d a t a  must  b e  g u a r d e d .  A l t h o u g h  n o t  s t a t i s t i c a l l y  

s i g n i f i c a n t ,  t h e r e  a r e  s l i g h t l y  f e w e r  p e r s o n s  w i t h  AIS 2+ i n j u r i e s  

who were b e l t e d  i n  b o t h  s e t s  o f  d a t a .  The l i k e l y  p h y s i c a l  

e f f e c t  o f  t h e  b e l t  s y s t e m s  would  b e  t o  p o s i t i o n  t h e  o c c u p a n t  s o  

t h a t  h e  would  b e  more l i k e l y  t o  s t r i k e  t h e  h e a d  r e s t r a i n t  i n  a 

r e a r  i m p a c t ,  a n d  o n e  migh t  e x p e c t  some r e d u c t i o n  i n  i n j u r y  f o r  

t h o s e  p e r s o n s  who were p r o p e r l y  b e l t e d .  



Table  15  

D i s t r i b u t i o n  of  Front-Outboard Occupants by AIS and Belt Use f o r  
Rear-Impacted, 1973-1975 V e h i c l e s  : 

HSRI R e s t r a i n t  Study Data (Weighted) 

BELT USE 

None - - La P U.  Tor so  T o t a l  

30 19 39  88  
(58.8%) (70 -4%) (55.7%) (59.5%) 

TOTAL 

N.S. P = 0 . 4 5  

Tab le  16  

D i s t r i b u t i o n  of  Front-Outboard Occupants by CDC 
Ex ten t  Code and B e l t  Use f o r  Rear-Impacted 1973-1975 

V e h i c l e s :  HSRI R e s t r a i n t  Study Data (Weighted) 
BELT USE 

None Lap U. Torso  T o t a l  

0 1 1  18  6 22 46 
(35.3%) (22.2%) (31.4%) (31.1%) 

C DC 
2-1. 33 2 1 48 102 

(64.7%) (77.8%) (68.6%) (68.9%) 

TOTAL 

N.S. P = 0.49 



T a b l e  17 

D i s t r i b u t i o n  o f  Occupants  by O v e r a l l  AIS and 
Lap Belt Usage f o r  Rear-Damaged V e h i c l e s :  CPIR F i l e  

B e l t  Usage 
Not 

Lap B e l t e d  La-p B e l t e d  T o t a l  - 

Miss ing  
Data 

T o t a l  



T h i s  i n t e r a c t i o n  and i t s  subsequen t  e f f e c t  on i n j u r y  may 

be more pronounced i n  s e v e r e  i m p a c t s .  I n  t h e  rev iew of t h e  

CPIR rea r - impac t  f a t a l i t i e s  (Appendix E ) ,  none of  t h e  f a t a l l y  

i n j u r e d  o c c u p a n t s  were  wea r ing  r e s t r a i n t s .  G e n e r a l l y ,  however,  

t h e  e f f e c t  of b e l t  usage  must be s m a l l ,  because  i t  is no t  

e v i d e n t  i n  t h e s e  d a t a .  

2 . 9  E s t i m a t e s  of Nat ionwide F r e q u e n c i e s  : Rear-Damaged V e h i c l e s  
and Whiplash I n j u r i e s  

I t  h a s  been shown t h a t  5 , 4 3 0  v e h i c l e s  e x h i b i t e d  r ea r - end  

damage i n  t h e  Texas  5% Sample F i l e ,  o r  17.03% of t h e  v e h i c l e s  

f o r  which damage a r e a  was r e c o r d e d .  Data a r e  m i s s i n g ,  however, 

on 6 , 3 1 1  c a s e s .  On t h e  assumpt ion  t h a t  damage t o  t h e s e  miss ing-  

d a t a  c a s e s  i s  d i s t r i b u t e d  t h e  same a s  f o r  t h o s e  w i t h  known 

damage a r e a s ,  i t  can be e s t i m a t e d  t h a t  a n o t h e r  1075 v e h i c l e s  

would e x h i b i t  rear damage.* The b e s t  e s t i m a t e ,  t h e r e f o r e ,  f o r  

t h e  Texas  5% sample f i l e  i s  t h a t  6 , 5 0 5  v e h i c l e s  of  a l l  t y p e s  

had some form of  r ea r - end  damage r e c o r d e d  a s  t h e  pr imary  damage. 

T h i s  f r equency  must f i r s t  be e x t r a p o l a t e d  t o  t h e  Texas- 

wide  e x p e r i e n c e .  From Appendix B i t  can  be s e e n  t h a t  t h e  a c t u a l  

sampl ing  f r a c t i o n  f o r  "motor -vehic le  t o  mo to r -veh ic l e "  c o l -  

l i s i o n s  is 0 .04816 r a t h e r  t h a n  t h e  t h e o r e t i c a l  0 . 0 5 .  

Texas-wide e x p e r i e n c e  can  be e x t r a p o l a t e d  t o  n a t i o n w i d e  

e x p e r i e n c e  by d i v i d i n g  by Texas '  p r o p o r t i o n  of t o t a l  n a t i o n a l  

v e h i c l e  miles. From Appendix C t h i s  is  0.062 f o r  1973 .  The 

two f a c t o r s  t o g e t h e r  produce  an expans ion  f a c t o r  of 3 3 4 . 9 ,  

which when a p p l i e d  t o  t h e  6505 v e h i c l e s  i n  t h e  5% f i l e  p roduces  

a  n a t i o n w i d e  e s t i m a t e  of  2 , 1 8 0 , 0 0 0  rear-damaged v e h i c l e s  f o r  

1973.  

* 
The m i s s i n g  d a t a  c a s e s  s h o u l d  be i n v e s t i g a t e d  t o  t e s t  
t h e  v a l i d i t y  of  t h i s  a s sumpt ion .  However, 2141  f i l e  
c a s e s  were o b t a i n e d  by r e p o r t s  s u b m i t t e d  o n l y  from 
d r i v e r s ,  and t h e s e  r e p o r t s  do n o t  show damage a r e a ;  
t h e r e  i s  no r e a s o n  t o  s u s p e c t  b i a s ,  however.  



A s i m i l a r  p r o c e d u r e  a p p l i e d  t o  t h e  5% s a m p l e  d a t a  b a s e d  

on  c o l l i s i o n  c o n f i g u r a t i o n  i n f o r m a t i o n  p r o d u c e s  a  n a t i o n w i d e  

f r e q u e n c y  e s t i m a t e  o f  2 , 1 9 0 , 0 0 0  r e a r - e n d  c o . L l i s i o n s  f o r  1 9 7 3 .  

T h i s  number i s  a b o u t  o n e - h a l f  t h a t  e s t i m a t e d  by t h e  N a t i o n a l  

S a f e t y  C o u n c i l  (see Appendix  D ) ;  t h e  l a r g e  d i s c r e p a n c y  n o  d o u b t  

a r i s e s  f rom d i f f e r e n c e s  i n  t h e  s o u r c e  d a t a ,  t h e  me thods  o f  p ro -  

j e c t i n g  t h e  s o u r c e  d a t a  n a t i o n w i d e ,  a n d  t h e  d e f i n i t i o n s  o f  t h e  

a c c i d e n t s  b e i n g  e s t i m a t e d .  

The number o f  w h i p l a s h  i n j u r i e s  o c c u r r i n g  among r e a r - i m p a c t e d  

v e h i c l e s ,  a n d  h e n c e  t h o s e  p o t e n t i a l l y  s u b j e c t  t o  r e d u c t i o n  by 

h e a d  r e s t r a i n t s ,  i s  n o t ,  o f  c o u r s e ,  a v a i l a b l e  f r o m  any mass  

a c c i d e n t  d a t a  f i l e ,  An e s t i m a t e  c a n  b e  o b t a i n e d ,  h o w e v e r ,  by 

c o m b i n i n g  t h e  d a t a  a b o v e  w i t h  i n f o r m a t i o n  d e r i v e d  f rom s p e c i a l  

r e s e a r c h  s t u d i e s  o f  h e a d  r e s t r a i n t  e f f e c t i v e n e s s .  Both  t h e  

number o f  o c c u p a n t s  s u b j e c t  t o  i n j u r y  a n d  t h e  i n c i d e n c e  o f  whip-  

l a s h  i n j u r y  t o  t h o s e  o c c u p a n t s  is  r e q u i r e d .  

S e v e r a l  o u t b o a r d ,  f r o n t - s e a t  o c c u p a n c y  f i g u r e s - - t h a t  is ,  

t h e  combined number o f  d r i v e r s  and r i g h t - f r o n t  p a s s e n g e r s  p e r  

v e h i c l e - - a r e  a v a i l a b l e  f o r  c r a s h  p o p u l a t i o n s  a n d  a r e  t a b u l a t e d  

below : 

D a t a  S o u r c e  F r o n t - O u t b o a r d  Occupancy 

CPIR F i l e  1.31 
S t a t e s  ( R e f .  6 )  1.31 
McLean ( R e f .  7 )  1 . 4 1  
R e s t r a i n t  S y s t e m s  E f f e c t i v e n e s s  
S t u d y  : 

HSRI 1 . 3 9  
CALSPAN 1 . 3 6  
S o u t h w e s t  R e s e a r c h  I n s t i t u t e  1 . 3 7  

An o c c u p a n c y  f i g u r e  o f  1 . 3 8  i s  u s e d  s u b s e q u e n t l y .  

The i n c i d e n c e  o f  w h i p l a s h  i n j u r i e s  among r i g h t - f r o n t  o u t -  

b o a r d  o c c u p a n t s  w i t h o u t  r e s t r a i n t s  i n  r e a r - i m p a c t e d  v e h i c l e s  

a p p e a r s  t o  be  a b o u t  41%.  From c a s e - s t u d y  f o l l o w - u p  i n v e s t i g a t i o n s ,  

S t a t e s  ( 6 )  e s t a b l i s h e d  a n  i n c i d e n c e  of 4 3 . 6 %  f o r  a l l  f r o n t - s e a t  

o c c u p a n t s  whose  p o s i t i o n s  were n o t  e q u i p p e d  w i t h  h e a d  r e s t r a i n t s .  

McLeanf s ( 7 )  c o m p a r a b l e  f i g u r e  was  3 8 . 2 % .  



An es t imate  of the  upper l i m i t  of t he  number of whiplash 

i n j u r i e s  p o t e n t i a l l y  subject  t o  prevention by head r e s t r a i n t s  

i s  given by the  product of the  number of rear-impacted veh i c l e s ,  

t he  front-outboard occupancy r a t e ,  and the  whiplash i n j u r y  i n -  

cidence per rear-impacted veh ic les .  Using 2 ,180,000;  1 .38 ;  and 

41%,respec t ive ly ,  the  des i red  es t imate  is  1,233,000.  

The p o t e n t i a l  number of neck whiplash i n j u r i e s  t h a t  could 

be prevented by properly adjus ted head r e s t r a i n t s  i s  a  very 

d i f f e r e n t  mat te r ,  however, and a  thorough inves t i ga t i on  i s  beyond 

the  scope of t h i s  r epo r t .  Both McLean and S t a t e s  note t h a t  t he  

occurrence of whiplash in ju ry  is  a  funct ion of occupant he igh t ,  

sex ,  and sea t i ng  pos i t i on .  And both note t he  lack of s t a t i s t i c a l  

s i gn i f i cance  i n  many of t h e i r  f ind ings .  Any in fe rences  based on 

t h e i r  da t a ,  t he re fo re ,  m u s t  be considered tenuous a t  b e s t .  

S t a t e s  a s s e r t s  t h a t  head r e s t r a i n t s  reduced the  frequency 

of whiplash i n j u r y  by 14%, and t h a t  f ixed  head r e s t r a i n t s  appear 

t o  be more e f f e c t i v e  than ad jus tab le  head r e s t r a i n t s .  The 

North Carolina da ta  tend t o  support t h i s  general  d i r e c t i o n ,  

b u t  a  r eca l cu l a t i on  of the  North Carolina da ta  suggestsa reduction 

of about 5% f o r  ad jus tab le  r e s t r a i n t s  and about 9% f o r  f ixed  

r e s t r a i n t s ,  i r r e s p e c t i v e  of o ther  confounding f a c t o r s  and com- 

p l e t e l y  disregarding s t a t i s t i c a l  cons idera t ions .  

For i l l u s t r a t i o n ,  the  14% can be appl ied t o  the  1,233,000 

whiplash i n j u r i e s  est imated e a r l i e r .  The r e s u l t  i s  a  maximum 

p o t e n t i a l  reduction of some 172,000 whiplash i n j u r i e s ,  about 

two-thirds of which would be minor. This is  about one- f i f th  

t h a t  quoted i n  t h e  Comptroller General ' s  repor t  ( 5 )  c i t e d  i n  t he  

In t roduc t ion .  



3 . 0  SEAT SEPARATION, ACCIDENT SEVERITY, AN11 INJURY PATTERNS 

The proposed revis ion of Standard 207, which s p e c i f i e s  

required performance of iseat anchorages, c a l l s  fo r  generally 

more r i g i d  seat ing systems. Several var iables  i n  the CPIR 

f i l e  (and only i n  t ha t  f i l e )  a re  potent ia l ly  applicable t o  an 

assessment of t h i s  spec i f i ca t ion :  damage t o  sea t  ad jus te r s ,  s e a t  

separat ion,  sea t  cushion damage, head r e s t r a i n t  contact and 

damage, backrest damage, e t c .  The analys is  presented here was 

performed i n  terms of the sea t  separation variable  w i t h  the view 

tha t  i t  is  most l ike ly  t o  show any re la t ionship  between sea t  

performance and occupant in jury .  

Seat separat ion,  i f  i t  occurs,  i s  recorded i n  the CPIR 

f i l e  f o r  each case vehicle a t  ane of three  points--separated 

a t  the f l o o r ,  a t  the ad jus te r ,  o r  a t  the s e a t .  The question 

we would l i k e  t o  answer i s  whether occupants a re  more severely 

injured when the sea t  separates  i n  a  crash than when i t  does 

not--all  other  things being equal,  The problem is t h a t ,  fo r  a  

given vehicle ,  i t  seems unlikely tha t  a l l  other t h i n g s  can be 

equal.  A s  experimental is ts  we would l i k e  t o  have production 

ca r s  a l t e rna te ly  f i t t e d  w i t h  "weak1' and "strongt '  s e a t s ,  and 

then i f  we i d e n t i f i e d  these i n  the accident inves t iga t ion  pro- 

cess we could produce matched p a i r s  fo r  ana lys is .  B u t ,  i n  f a c t ,  
almost a l l  recently manufactured cars  (and the b u l k  of the cars  

i n  the CPIR f i l e  a re  recent)  heve been b u i l t  t o  meet the  present 

sea t  s t rength standard.  

Some differences i n  the ac tua l  sea t  s t rength  have been 

observed--largely r e l a t ed  t o  car s i z e  ( 1 2 ) .  In addi t ion ,  

sea t  separat ion i n  rear-damaged cars  w i t h  rear  engines has been 

noted a s  being re la ted  t o  the mechanical s t i f f n e s s  of these 

vehicles .  B u t  unless there  is some unplanned b u t  known var ia t ion  

i n  s ea t  s t repgth w i t h i n  a  given vehicle c l a s s ,  i t  w i l l  be 

d i f f i c u l t  t o  solve the problem a t  hard. 



3 . 1  Seat Separat ion i n  Front-Damaged Vehicles 

W i t h  t h a t  in t roduc t ion  we w i l l  look t o  see  whether some 

chance v a r i a t i o n  is present  which would allow some in fe rences  

t o  be drawn i n  t h i s  a r e a .  F i r s t  we consider only those  c a r s  

whose primary impact came from the  f r o n t  (crash vec tor  11, 12,  

and 01 o ' c l o c k ) .  Only i n j u r i e s  t o  t h e  d r i v e r  a r e  examined. 

Seat s epa ra t i on  and in ju ry  s e v e r i t y  a r e  both p o s i t i v e l y  

r e l a t e d  t o  crash s e v e r i t y  a s  measured on t h e  Co l l i s i on  Defor- 

mation C l a s s i f i c a t i o n  (CDC) s c a l e  and t h e  Abbreviated Injury  

Scale  (AIS). Table 18 s,hows the  number and percentage of c a r s  

w i t h  separa t ion  ( a t  any of the  t h r e e  defined p o i n t s )  f o r  each 

l e v e l  of CDC. 

Table 18 

Seat Separat ion Frequency by CDC Level,  
Data From CPIR F i l e  

CDC Separated 

1 
23 
29 
29 
19 
16 

4 
5 
6  

No Separat ion 

796 
123 7  
6  13 
222 

96 
67 
18 
11 
3  1 

% Separated (row %) 

.13 
1 .8  
4 . 5  

11.6 
16 .5  
19.3 
18.2 
31.3  
16.2 

A s  a  f i r s t  adjustment f o r  s e v e r i t y ,  t he  r e l a t i o n s h i p  of 

i n j u r y  t o  s e a t  s epa ra t i on  was s tud i ed  a t  each l e v e l  of CDC. 

A modified RIDIT (8)  a n a l y s i s  of  t he  o v e r a l l  i n ju ry  d i s t r i b u t i o n  

(on t h e  AIS) was conducted comparing s e a t  s epa ra t i on  cases  w i t h  

non-separat ion cases .  A t  each l e v e l  of CDC the  odds of a  more 

severe  i n ju ry  w i t h  s e a t  s epa ra t i on  a r e  g r e a t e r  than 1, a s  shown 

i n  Table 19.  A l l  of t he se  a r e  s i g n i f i c a n t  a t  b e t t e r  than .01.  



CDC - 
2  
3  
4 
5 
6 
7-9 

Table 19 

Odds of More Secere Injury w i t h  Seat Separation 

Odds of Greater Injury 

2 . 6  
1 . 9  
2 .3  
4 .5  
2 .7  
2 . 5  

A more de ta i l ed  analys is  of i n j u r i e s  a t  CDC l e v e l s  2 ,  3 ,  

and 4--the b u l k  of accidents  w i t h  s ea t  separat ion i n  t h i s  f i l e ,  

and by inference i n  the general  accident population--is presented 

i n  Table 20.  T h i s  shows the  odds of a  dr iver  i n  a  ca r  with s e a t  

separat ion f o r  t h a t  p a r t i c u l a r  body region. Values g rea te r  than 

1 ind ica te  increased i n j u r y  l e v e l s .  Thir ty-s ix of the 45 

t a b l e  e n t r i e s  a re  g rea te r  than 1, and 1 0  of these a re  s i g n i f i c a n t  

a t  the $05 l e v e l  or  l e s s .  The pa t t e rn  is of general ly  higher 

i n j u r y  t o  a l l  body regions (except lumbar)--particularly the 

face ,  i n t e r n a l  organs, thorax, and the  r i g h t  l eg .  

W i t h  s ea t  separat ion there  was an increased frequency of 

contact t o  almost any ob jec t ,  b u t  espec ia l ly  the f ront  hardware, 

instrument panel ,  s teer ing  assembly, and those areas  near the 

d r i v e r ' s  legs--foot con t ro l s ,  f l o o r ,  and beneath the  instrument 

panel.  

Unfortunately the CDC is  by no means a  per fec t  indica tor  

of crash s e v e r i t y ,  although i t  i s  probably the best s i n g l e  

var iable  avai lab le  i n  the CPIR f i l e .  One can argue tha t  sea t  

separat ion i t s e l f  is a  measure of sever i ty- -par t icu lar ly  i n  tha t  

a l l  ca r s  now have s e a t s  of a  prescribed s t rength (or b e t t e r )  

by federa l  mandate. Therefore,  the v a r i a b i l i t y  of crash sever i ty  

w i t h i n  a  CDC c l a s s i f i c a t i o n  was t e s t ed  by tabula t ing  the  f re-  

quency of ce r t a in  other  c h a r a c t e r i s t i c s  of crashed vehic les ,  

w i t h  and without sea t  separat ion.  

T h i s  ana lys is  was r e s t r i c t e d  t o  f r o n t a l l y  damaged vehicles  

a t  CDC-3 l e v e l .  Table 2 1  shows tha t  there  a re  a  number of 



f a c t o r s  which demonstrate  t h a t  t h e  s ea t - s epa ra t ed  v e h i c l e s  

were involved i n  more s eve re  c r a s h e s ,  even though t h e  CDC 

l e v e l  i s  t h e  same. 

Table 20  

D r i v e r ' s  Odds of More Severe In ju ry  W i t h  Seat  
Pepara t ion  by Body Region; CPIR File 

Body Region 

I n t e r n a l  Organs 
Brain  
Face 
Head 
Neck 
Shoulder  
Right A r m  
Le f t  A r m  
Thorax 
Lumbar 
Abdomen 
P e l v i s  
Right Leg 
Le f t  Leg 
Whole Body 
Ove ra l l  A I S  

* - s i g n i f ,  a t  ( .05  
** = s i g n i f ,  a t  . 0 1  

( a )  = probably s i g n i f i c a n t ,  b u t  not determined because of 
c a l c u l a t o r  overf  lou7. 



Table 21  

Some Additiorlal CDC-3 Crash Consequences 
Which Assccia te  w i t h  Seat Separat ion 

Cars w i t h  
Seat  Separat ion - 

Pre-Crash Speed (mean) 44 mph 

Impact Speed (mean) 33 mph * 
Windshield Bond Separat ion 50% 

Lap Bel t  Worn 13% 

Pass ,  Compartment 
Reduct ion 74% 

External  Object In t ru s ion  17% 

Floorpan deformation 72% 

Fi rewal l  deformation 67% 

Cars wi thout  
Seat  Separat ion 

40 mph 

30 mph 

13 % 
22% 

*. i . e . ,  of t h e  c a r s  i n  CDC-3 c rashes  w i t h  s e a t  
s e p a r a t i o n ,  50% exh ib i t ed  windshield bond sepa ra t i on .  

ye conclude by observat ion of Table 21 t h a t  s e a t  s e2a ra t i on  

i s  not independent of o the r  injury-producing o r  in ju ry- increas ing  

f a c t o r s ,  and t h a t  i t  does not seem poss ib l e  t o  s epa ra t e  s e a t -  

s epa ra t i on  e f f e c t s  from i n t r u s i o n ,  passenger compartment defor-  

mation,  e t c . ,  i n  a  s t a t i s t i c a l  a n a l y s i s  sense .  T h i s  i s  not t o  

say t h a t  ca r  s e a t s  should not be f i r m l y  mounted. Mathewson and 

Severy ( 1 3 ) )  i n  1954, ca l cu l a t ed  t h e  increased load on f ron t -  

s e a t  occupants when s e a t  s epa ra t i on  ( i n  a  f r o n t a l  impact) 

occurred,  and ind i ca t ed  t h a t  s epa ra t i on  of t h e  s e a t  from i t s  

mounting does i nc rea se  t he  p o t e n t i a l  f o r  i n j u r y .  

The da t a  presented here  on i n ju ry  p a t t e r n s  may a l s o  be 

a f f e c t e d  by o t h e r  f a c t o r s  i n  t he  c o l l i s i o n s  which a s s o c i a t e  

w i t h  s e a t  s epa ra t i on .  But t h e  i nc rea se s  i n  f ace ,  thorax ,  and 

r i gh t - l eg  i n j u r i e s  a r e  cons i s t en t  w i t h  an increased load on t h e  

occupant from behind and could l a rge ly  be t he  r e s u l t  of s e a t  



s e p a r a t i o n  a l o n e .  The a c c i d e n t  d a t a  can s u g g e s t  t h a t  t h e  

phenomenon e x i s t s ,  bu t  occupant  k i n e m a t i c  modeling and s l e d  

tests  would be a  much more u s e f u l  way t o  i d e n t i f y  t h e  mechanisms. 

3 . 2  S e a t  S e p a r a t i o n  i n  Rear-End C o l l i s i o n s  

Pas senge r  c a r s  i n  t h e  CPIR f i l e  w i t h  rear - impact  v e c t o r s  

(05 ,  06,  07 o ' c l o c k )  a r e  d i s p l a y e d  below w i t h  r e s p e c t  t o  s e a t  

s e p a r a t i o n  and CDC e x t e n t  code.  

CDC - 
1 
2 
3  
4 
5  
6  
7 
8  
9  

S e p a r a t e d  
(Frequency)  

4  
8  

10 
6  
4 
2  
0  
0  
1 

Not Sepa ra t ed  
(Frequency)  

12 8 
13 5  

89  
38  
32 
20  

7  
2  
1 

S e p a r a t e d  
(Row % of T o t a l )  

3% 
5.6% 

l o .  1% 
13 .6% 
11.1% 

9.1% 
0  
0  

50.0% 

I n j u r y  d a t a  f o r  rear - impacted  v e h i c l e s  w i t h  s e a t  s e p a r a t i o n  

a r e  s p a r s e ,  p r i m a r i l y  because i n j u r i e s  among t h e s e  v e h i c l e s  a r e  

i n f r e q u e n t ,  and t h u s  few such c r a s h e s  e n t e r  t h e  CPIR f i l e .  A s  a  

f i r s t - o r d e r  ad jus tmen t  f o r  s e v e r i t y  t h e  c r a s h e s  have been 

d i v i d e d  i n t o  CDC c a t e g o r i e s  2 ,  3 ,  and 4 ,  and i n j u r y  d a t a  a r e  

d i s p l a y e d  a g a i n s t  s e a t  s e p a r a t i o n  i n  Tab le  22 .  

Tab le  22 

I n j u r y  and Sea t  S e p a r a t i o n ,  
Pas senge r  Cars  from CPIR F i l e s  

* 
CDC = 2  CDC = 3 CDC = 4 - - - 
SS SS SS SS SS SS 

AIS = 0 , l  123 7 75 5  33 4  

AIS = 2+  12 1 14 5 5 2 - 
SS = S e a t  S e p a r a t i o n ,  SS = Not s e p a r a t e d .  
S i g n i f i c a n t  a t  0 .02  l e v e l .  



S t a t e s  ( 6 )  has suggested t h a t  some forgiveness  of t h e  

s ea t i ng  system may be b e n e f i c i a l  i n  r e a r  impacts.  The da t a  

here  would not r e f u t e  t h z l t ,  although i t  i s  our opinion t h a t  t he  

opt imal  design f o r  seat ing-system s t r e n g t h  can more e a s i l y  be 

obta ined from labora tory  experimentat ion than from analyses  of 

acc iden t  d a t a .  

3 .3  Seat Separat ion i n  Side Co l l i s i ons  

For severe  impacts,  s e a t  separa t ion  is more prevalent  f o r  

s i d e  damage than f o r  e i t h e r  f ron t  o r  r e a r ,  l a rge ly  because s i d e  

impact is more l i k e l y  t o  involve d i r e c t  contact  w i t h  t he  s e a t .  

In jury  da t a  a r e  not presented here  f o r  t he  s i d e  impact cases ,  

b u t  t he  frequency of s e a t  s epa ra t i on  a t  var ious  CDC l e v e l s  is 

shown i n  Table 23. Cars s e l e c t e d  f o r  t h i s  a n a l y s i s  were those  

w i t h  impact vec tors  of 02-04 o 'c lock and 08-10 o ' c lock .  These 

d a t a  a r e  a l s o  summarized i n  Figure 4 (next s e c t i o n ) .  

Table 23 

Seat Separat ion Frequency by CDC Level; 
Side-Damaged Passenger Cars from t h e  CPIR F i l e  

No Separat ion 
% Separat ion 

(Row %) 



3 . 4  Summary of Seat Separation Considerations 

Separation of the f ront  s e a t  a t  the f l o o r ,  a t  the ad jus te r ,  

and a t  the seatback occurs i n  both f r o n t a l  and rear-impacted 

vehic les ,  and the frequency of separat ion general ly  increases  

w i t h  impact s e v e r i t y .  Although i t  is d i f f i c u l t  t o  make a  d i r e c t  

comparison of r ea r  and f ron t  s e v e r i t i e s  w i t h  parameters ava i lab le  

i n  the  CPIR data  ( i . e . ,  the CDC) it  i s  concluded t h a t  sea t  

separat ion occurs a t  subs tan t i a l ly  lower crash s e v e r i t i e s  f o r  

r ea r  impacts. T h i s  observation i s  cons is ten t  w i t h  increased 

sea t  loading caused by the rearward displacement of occupants 

i n  rear-end crashes.  

For r ea r  impacts there  is  an increase i n  degree of d r ive r  

injury associated w i t h  s ea t  separat ion a t  CDC=3, b u t  t h i s  could 

be the r e s u l t  of crash sever i ty  f a c t o r s  other  than CDC above. 

For f r o n t a l  impacts a t  each CDC l e v e l  (above 1) i n j u r y  seve r i ty  

is g r e a t e r  w i t h  s ea t  separa t ion .  While t h i s  i n j u r y  increase is 

associated w i t h  a  number of other  f a c t o r s  (presence of r ea r  sea t  

passengers, lack of be l t  wearing, passenger compartment in t rus ion ,  

f i r e w a l l  and floorpan deformation) the i n j u r y  pa t t e rns  i n  the  

sea t  separat ion c l a s s  a re  consis tent  w i t h  increased loading of 

the  occupant from behind. 

For s i d e  impacts we have not attempted t o  present i n j u r y  

a s  a  funct ion of sea t  separa t ion ,  s ince  most of the separat ion 

i s  the r e s u l t  of compartment penet ra t ion .  The frequencies of 

s e a t  separat ion f o r  f r o n t ,  s i d e ,  and rea r  c o l l i s i o n s  a re  summarized 

i n  Figure 4 .  

There a re  so many f a c t o r s  which vary i n  the crash da ta  

t h a t  the CPIR analys is  can do no more than t o  iden t i fy  p o t e n t i a l  

problem areas  and t o  suggest more de ta i l ed  s t u d y  programs. For 

f ront -sea t  occupants i n  f r o n t a l  c o l l i s i o n s  there  would seem t o  
be no optimum short  of an immovable s e a t ,  and the choice would 

have t o  be based on such f a c t o r s  as  the s t rength  of o ther  com- 

ponents i n  the  ca r .  However, a f ron t  s e a t  of such r i g i d i t y  m i g h t  

not be optimal f o r  unbelted,  rear-seat  passengers i n  f r o n t a l  col- 



Figure  4 

Percen tage  of Pas senge r  Ca r s  w i t h  Sea t  S e p a r a t i o n  
by CDC Damage Ex ten t  f o r  F ron t ,  Rear, and 

S i d e  Damage Areas 
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l i s i o n s .  For f ' r on t - sen t  o c c u p a n t s  i n  r e a r  c l o l l i s i o n s  the accbi- 

d e n t  d a t a  n e i t h e r  suppor t  no r  deny t h e  need f o r  a  more r i g i d  

s e a t i n g  s y s t e m ,  a l t h o u g h  f i e l d  i n v e s t i g a t o r s  have s u g g e s t e d  

t h a t  there may be v a l u e  3.n someth ing  less  t h a n  f u l l  r i g i d i t y .  

C o n t r o l l e d  l a b o r a t o r y  tests w i t h  i n s t r u m e n t e d  dummies, o r  s i m -  

u l a t i o n  of occupan t  k i n e m a t i c s  by computer would be more l i k e l y  

t o  i d e n t i f y  an optimum s t r e n g t h  t h a n  w i l l  t h e  a c c i d e n t  d a t a .  

We assume t h a t  such  c o n t r o l l e d  e x p e r i m e n t a t i o n  would p r e c e d e  t h e  

d e t a i l e d  s p e c i f i c a t i o n  of a  s t a n d a r d .  



4 . 0  CASUALTY PATTERNS IN REAR- IMPACTED VEHICLES 

4 . 1  Introduction 

Analysis of mass accident data  has shown t h a t  rear  impacts, 

while occurring r e l a t i v e l y  f requent ly ,  a re  associated w i t h  low 

f a t a l i t y  r a t e s  and reduced i n j u r y  s e v e r i t i e s .  T h i s  sec t ion  i s  

primarily concerned w i t h  the nature of i n j u r i e s  in  rear-damaged 

passenger ca r s  and sea t ing  system var iables  which may a f f e c t  the  

frequency, type,  and sever i ty  of those i n j u r i e s .  The CPIR F i l e  

i s  again used, despi te  i t s  biases  (discussed e a r l i e r  and i n  

Appendix A ) ,  s ince i t  is  the only data  f i l e  ava i lab le  w i t h  the 

l e v e l  of d e t a i l  on both seating-system var iables  and occupant 

i n j u r i e s  necessary t o  address t h i s  quest ion.  

The CPIR f i l e  i s  s t rongly or iented toward severe-injury 

accidents  and, s ince rea r  impacts general ly  produce only minor 

i n j u r i e s ,  rear-damaged vehicles  a re  not wel l  represented i n  t h i s  

f i l e .  The under-representation of rear-damaged vehicles  has 

r e su l t ed  i n  a  ra ther  small number of vehicles  and occupants for  

t h i s  ana lys i s .  The CPIR f i l e  is a l s o  or iented toward late-model 

vehic les ,  and t h i s  r e s t r i c t s  the number of vehicles  without head 

r e s t r a i n t s .  The problem is fu r the r  compounded by the missing- 

da ta  r a t e  on some va r i ab les ,  such a s  seat-back de f l ec t ion ,  which 

i s  ra the r  high ( 5 2 . 8 %  on s e a t  back d e f l e c t i o n ) .  These problems 

s i g n i f i c a n t l y  reduce the value of the data  i n  t h i s  f i l e ,  and 

frequency pro jec t ions  t o  a  nat ional  experience are  not warranted. 

Rear-damaged passenger ca r s  i n  the CPIR f i l e  were compared 

t o  rear-damaged passenger ca r s  i n  the  1973 Texas 5% sample f i l e  

on vehicle  weight t o  determine i f  any se lec t ion  b ias  could be 

detected.  A s i g n i f i c a n t  (p<0.0001 by Chi-square t e s t )  d i f ference  

was found i n  the d i s t r i b u t i o n s .  In the Texas Sample 56.7% of 

the rear-damaged passenger ca r s  weighted 3000-4000 l b s . ,  while 

i n  the  CPIR f i l e  only 4 2 . 7 %  of rear-damaged passenger ca r s  were 

i n  t h i s  range. The remaining vehicles  were d i s t r i b u t e d  across 

both higher and lower weight ca tegor ies ,  i n  both f i l e s .  I t  is 



not known what se lec t ion  procedure used by the inves t iga to r s ,  
i f  any, may have caused t h i s  b i a s .  Nevertheless, i t  does 

indica te  the e f f e c t  of case se lec t ion  on the "randomness" of 

t h i s  f i l e .  

No s ign i f i can t  d i f f e rences  were found i n  occupant neck 

i n j u r y  s e v e r i t i e s  a s  a  function of vehicle weight. Therefore, 

the  e f f e c t s  of t h i s  p a r t i c u l a r  b ias  were considered minimal f o r  

the purpose of t h i s  ana lys is .  However, when a l l  the CPIR f i l e  

biases  are  considered, the e f f e c t s  a re  de f in i t e ly  not minimal, 

and conclusions based on d i s t r i b u t i o n  differences mus t  take i n t o  

account the possible  case se lec t ion  b ias .  

4 . 2  Injury Pat te rns  

Figure 5 shows the percentage of t o t a l  i n j u r i e s  t o  a l l  

occupants of rear-damaged vehicles  by body region. A r m s  and 

legs  ( ex t remi t i e s ) ,  w i t h  2 7 . 3 %  of the  i n j u r i e s ,  were the  most 

frequently injured body region. However, i n  the  t o t a l  f i l e  

representing a l l  damage areas ,  they a re  a l so  most frequently 

in jured ,  w i t h  36.1% of a l l  i n j u r i e s .  I t  appears, the re fo re ,  

tha t  occupants of rear-damaged vehicles  do not have an unusually 

la rge  percentage of i n j u r i e s  t o  these regions when canpared t o  

other  damage a reas .  

The cerv ica l  region (neck) sustained 2 4 . 5 %  of a l l  i n j u r i e s  

i n  rear-damaged passenger ca r s .  When compared t o  a l l  damaged 

vehicles,however, where the neck received only 5 . 3 %  of a l l  in- 

j u r i e s ,  t h i s  region i s  much more frequently injured i n  rear- 

damaged vehicles .  Lower back (lumbar) i n j u r i e s  were a l s o  more 

frequent i n  rear-damaged vehicles ,  8.5% of a l l  i n j u r i e s  i n  

rear-damaged vehicles  compared t o  only 2 . 3 %  i n  a l l  damage areas .  

Upper back i n j u r i e s  would a l so  be expected t o  be more 

frequent i n  rear  damaged vehicles ,  s ince t h i s  region connects 

the neck and lower back. However, i n  the CPIR coding format, 

the  upper back and the chest a re  considered t o  be one region-- 

the thorax--and t h i s  combined region has 10 .0% of a l l  i n j u r i e s ,  



F i g u r e  5 

P e r c e n t a g e  D i s t r i b u t i o n  of  I n j u r i e s  t o  Occupants  
o f  Rear-Damaged Passenge r  Ca r s  by Body Region I n j u r e d  

Other  Regions :  I n t e r n a l  Organs 0 .2% 
Whole Body 1.2% 
B r a i n  3.0% 



compared w i t h  10.6% i n  t he  whole f i l e .  T h i s  may s t i l l  i n d i c a t e  

t h a t  t h e  upper back por t ion  of t h i s  region is  more f requent ly  

i n ju red  i n  rear-damaged veh ic les  if  the  ches t  po r t i on  of t he  

region i s  l e s s  f requent ly  i n ju red .  T h i s  makes some sense ,  

s i n c e  o the r  f r o n t a l  reg ions ,  such a s  t he  face  and abdomen, a r e  

i n ju red  almost twice a s  f requent ly  i n  a l l  damage types  ( face  17.5%, 

abdomen and p e l v i s  5 . 7 % ) .  Unfor tunate ly ,  t he re  cu r r en t ly  is no 

way t o  reso lve  t h i s  problem and the re fo re  t he  thorax region i s  

not used i n  t h i s  a n a l y s i s .  A l l  o ther  body regions  a r e  l e s s  

f requent ly  i n ju red  i n  rear-damaged passenger c a r s  than i n  a l l  

damage a r e a s  combined. 

The d i s t r i b u t i o n  of i n j u r i e s  by type f o r  t h e  body regions  

previously  discussed i s  shown i n  Figure 6 .  From Table F-16, 

the  "complaint of pain"  (without v i s i b l e  i n j u r y )  i s  seen t o  

comprise 43.5% of a l l  i n j u r i e s ,  by f a r  t h e  most f requent  in ju ry  

type .  Compared t o  t he  t o t a l  f i l e ,  where only 15.8% of i n j u r i e s  

a r e  "pain", t h i s  type of i n ju ry  i s  over-represented i n  rea r -  

damaged v e h i c l e s .  "Contusions1' ( b r u i s e s )  represen t  27.8% of 

a l l  i n j u r i e s  i n  rear-damaged veh ic l e s  and 28.0% of a l l  i n j u r i e s  

i n  t he  f i l e .  T h u s  "contusion" i s  a  r e l a t i v e l y  f requent  i n j u r y  

i n  a l l  a cc iden t s ,  and rear-damaged veh ic l e s  a r e  no except ion.  

A l l  o t h e r  i n ju ry  types  occur r e l a t i v e l y  l e s s  f requent ly  i n  rear-  

damaged veh ic l e s  than i n  o ther  damage a r e a s .  

Figure 7  shows t h e  con tac t s  assoc ia ted  w i t h  i n j u r i e s  i n  

rear-damaged passenger c a r s .  "Front i n t e r i o r "  ( instrument pane l ,  

windshie ld ,  s t e e r i n g  column, e t c . )  con t ac t s  a r e  assoc ia ted  * 
most f requent ly  w i t h  i n j u r i e s ,  followed by "impact fo r ce .  " 

* 
"Impact fo rce"  is  a  contact  code i n  t he  CPIR f i l e .  Other 
names f requent ly  used f o r  t he  same phenomenon and included 
under t he  same contact  code include "whiplash", "hyper- 
extension" ,  "hyperflexion,  " "compression", and "flexion- 
t o r s i o n . "  When the  occupant makes no contact  w i t h  t h e  
veh i c l e  i n t e r i o r ,  b u t  i s  i n ju red  due t o  h i s  own body move- 
ment caused by t he  impact fo r ce ,  t h i s  code is used. I t  
is a l s o  used, although in f r equen t ly ,  when one body region 
con tac t s  t he  veh i c l e  i n t e r i o r ,  such a s  the  head, and t h e  
occupant s u f f e r s  a  compression i n ju ry  i n  another body reg ion ,  
such a s  t h e  neck. A new c l a s s i f i c a t i o n  system, designed t o  
c l a r i f y  t h i s  manner of i n ju ry  mechanism is c u r r e n t l y  being 
used. un fo r tuna t e ly ,  enough ca se s  a r e  not a v a i l a b l e  f o r  
present  use .  



F i g u r e  6 

P e r c e n t a g e  D i s t r i b u t i o n  o f  I n j u r y  Types  f o r  t h e  
Neck and  Lower Back R e g i o n s  o f  O c c u p a n t s  

i n  Rear-Damaged P a s s e n g e r  C a r s  

Neck 
( C e r v i c a l )  

F r a c t u r e  
C u t / A b r a s i o n  
C o n t u s i o n  
P a i n  
O t h e r  

Lower Back 
(Lumbar) 

1 . 0 %  F r a c t u r e  
C u t / A b r a s i o n  2 . 9 %  
C o n t u s i o n  8.6% 
P a i n  72 .6% 
O t h e r  1 1 . 4 %  



Figure 7 

Percentage Distr ibut ion of Injury-Associated Contacts 
f o r  the Neck and Lower Back Regions of Occupants i n  

Rear-Damaged Passenger Cars 

Lower Back 
(Lumbar) 

Contacts 

Front Seat 
Impact Force 
Other 

Neck 
(Cervical)  
Contacts 

Front Seat 17.6% 
Head Restraint  17.8% 
Impact Force 53.4% 
Other 11.2% 

35.5% 
5 1 ;I% 
13.17b 



I t  shou ld  a l s o  be no ted  t h a t  "impact f o r c e "  i n j u r i e s  

o c c u r  i n  o t h e r  damage t y p e s  and i n  o t h e r  body r e g i o n s .  The 

e n t i r e  f i l e  c o n t a i n s  924 neck "impact f o r c e "  c o d e s ,  225  (24 .4%)  

i n  rear-damaged v e h i c l e s ;  209 t h o r a x  "impact f o r c e "  c o d e s ,  

49  (23 .4%)  i n  rear-damaged v e h i c l e s ;  and 365 lumbar "impact 

f o r c e "  c o d e s ,  72 (19.7%) i n  rear-damaged v e h i c l e s .  C l e a r l y  

"impact f o r c e "  is no t  s o l e l y  a r ea r - impac t  phenomenon n o r  i s  

i t  r e s t r i c t e d  t o  t h e  neck .  

The d i s t r i b u t i o n  of  neck i n j u r i e s  a s s o c i a t e d  w i t h  "impact 

f o r c e "  by damage a r e a  i n d i c a t e s :  

% of a l l  Neck 
Primary Damage Area "Impact f o r c e ' '  I n j u r i e s  

F ron t  40 .9% 

S i d e  29 .2% 

Rear 24 .4% 

Other  5 5% 

I t  must be  remembered t h a t  rear-damaged v e h i c l e s  and o c c u p a n t s  

r e p r e s e n t  o n l y  6.8% of t h e  t o t a l  f i l e ,  and  t h u s  t h e  rate o f  

"impact f o r c e "  i n j u r i e s  i n  rear-damaged v e h i c l e s  is c o n s i d e r a b l y  

h i g h e r  t h a n  i n  o t h e r  damage t y p e s .  

S e a t i n g  sys t em components a r e  f r e q u e n t l y  a s s o c i a t e d  w i t h  

i n j u r i e s .  Of a l l  i n j u r y - p r o d u c i n g  c o n t a c t s ,  51.2% a r e  a s s o c i a t e d  

w i t h  t h e  s e a t - b a c k ,  head r e s t r a i n t ,  o r  "impact f o r c e " .  T h i s  

s u g g e s t s  t h e  need f o r  a  more d e t a i l e d  a n a l y s i s .  The AIS coding  

sys t em and t h e  CPIR i n j u r y - a s s o c i a t e d  c o n t a c t  f o r m a t ,  u n f o r t u n a t e l y ,  

do  n o t  p e r m i t  such  a  d e t a i l e d  s t u d y .  

A f r e q u e n t  set of i n j u r y  t y p e s ,  body r e g i o n s ,  and assoc-  

i a t e d  c o n t a c t s  can be i d e n t i f i e d  i n  t h i s  s e l e c t  g roup  of  i n j u r e d  

o c c u p a n t s  i n  rear-damaged v e h i c l e s  which d i f f e r  from i n j u r i e s  

r e c e i v e d  by o c c u p a n t s  i n  o t h e r  impact t y p e s .  T y p i c a l l y  t h e  

i n j u r i e s  a r e  a  "complaint  o f  p a i n "  i n  t h e  neck o r  back a s s o c i a t e d  

w i t h  s e a t i n g  sys t em f a i l u r e s  i n  "impact f o r c e "  c o n t a c t .  



The i n j u r y  s e v e r i t y  l e v e l s ,  measured by t h e  AIS (Abbrev ia t ed  

I n j u r y  S c a l e ) ,  f o r  a l l  i n j u r i e s  r e c e i v e d  by a l l  o c c u p a n t s  o f  

rear-damaged v e h i c l e s  i n d i c a t e  t h a t  89.3% were minor (AIS 1) 

and  5 . 6 %  were modera te  (AIS 2 ) .  S i n c e  t h i s  f i l e  r e p r e s e n t s  

g e n e r a l l y  s e v e r e  a c c i d e n t s ,  i t  would be e x p e c t e d  t h a t  i n j u r y  

l e v e l s  would be somewhat lower  i n  a  t r u l y  r e p r e s e n t a t i v e  sample  

of  r e a r  impac t s .  Neck and Lower Back i n j u r i e s ,  p r e v i o u s l y  

d e s c r i b e d ,  were found t o  be minor 90 .7% o f  t h e  time i n  t h i s  

s e v e r e  a c c i d e n t  p o p u l a t i o n .  

4 . 3  Occupant I n j u r y  & S e a t i n g  P o s i t i o n  

The f o l l o w i n g  s e c t i o n s  d e a l  w i t h  s e a t i n g  sys t em v a r i a b l e s  

and t h e i r  r e l a t i o n s h i p  w i t h  i n j u r y  s e v e r i t y .  Three  i n j u r y  

s e v e r i t y  measures  a r e  u sed  t o  measure t h e  i n t e r a c t i o n  o f  each  

v a r i a b l e  w i t h  i n j u r y .  O v e r a l l  AIS i n d i c a t e s  t h e  e x t e n t  o f  

i n j u r i e s  r e g a r d l e s s  o f  body r e g i o n .  Neck AIS i n d i c a t e s  t h e  

s e v e r i t y  of  i n j u r i e s  t o  t h e  neck r e g i o n  o n l y ,  and Lower Back 

AIS i n d i c a t e s  lower  back i n j u r y  s e v e r i t y .  

O v e r a l l  AIS t e n d s  t o  mask i n j u r y  s e v e r i t i e s  o f  s p e c i f i c  

body r e g i o n s  when a l l  i n j u r i e s  a r e  a t  t h e  same AIS. For  t h i s  

r e a s o n  Neck and Lower Back AIS, t h o s e  r e g i o n s  whose i n j u r i e s  

a r e  most f r e q u e n t l y  a s s o c i a t e d  w i t h  t h e  s e a t i n g  sys t em (Appendix 

F T a b l e  F-15),  a r e  most o f t e n  p r e s e n t e d  w i t h  r e s p e c t  t o  s e a t i n g  

sys t em v a r i a b l e s .  

D r i v e r s  most f r e q u e n t l y  s u f f e r e d  neck and  back i n j u r i e s  

i n  rear-damaged v e h i c l e s ,  and r i g h t - f r o n t  p a s s e n g e r s  n e x t  most 

o f t e n .  Of 414 d r i v e r s ,  226 (54.6%) had a  neck i n j u r y  and 7 1  

(40;1%) o f  177 r i g h t - f r o n t  o c c u p a n t s  had a  neck i n j u r y .  Lower- 

back i n j u r i e s  were much l e s s  f r e q u e n t  i n  t h i s  f i l e ;  o n l y  70 

(16.9%) d r i v e r s  and 24  (13 .6%)  r i g h t - f r o n t  o c c u p a n t s  s u f f e r e d  

any i n j u r y  t o  t h i s  r e g i  on .  Rear -sea t  o c c u p a n t s  had s i g n i f i c a n t l y  

fewer  neck i n j u r i e s  (p=0.0002 by Chi-Square t e s t )  ; o n l y  37 (30.1%) 



o f  1 2 3  h a d  any  i n j u r y  t o  t h i s  r e g i o n .  However,  l o w e r  b a c k  

i n j u r i e s  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  be tween  f r o n t  a n d  

r e a r  o c c u p a n t s ;  o n l y  12 (9 .8%)  r e a r  o c c u p a n t s  h a d  s u c h  a n  

i n j u r y .  Only 23 p e r s o n s  o c c u p i e d  f  r o n t - s e a t  p o s i t  i o n s  o t h e r  

t h a n  d r i v e r  o r  r i g h t  f r o n t ,  and t h i s  r e s u l t e d  i n  f r e q u e n c i e s  

t o o  s m a l l  t o  h o l d  s t a t i s t i c a l  mean ing .  

4 . 4  Occupan t  I n j u r y  and  H e a d - R e s t r a i n t  C o n f i g u r a t i o n  

To d e t e r m i n e  t h e  e f f e c t  o f  h e a d  r e s t r a i n t s  on o c c u p a n t  

i n j u r y  a n d  i n j u r y  s e v e r i t y  i n  r ea r -damaged  v e h i c l e s ,  Neck and  

Lower Back AIS were compared f o r  o c c u p a n t s  w i t h  d i f f e r e n t  

h e a d - r e s t r a i n t  c o n f i g u r a t i o n s .  " C o n f i g u r a t i o n "  r e f e r s  t o  b o t h  

t h e  a v a i l a b i l i t y  a n d  t h e  h e i g h t  o f  t h e  h e a d  r e s t r a i n t .  "None" 

refers t o  v e h i c l e s  n o t  e q u i p p e d  w i t h  h e a d  r e s t r a i n t s ;  " i n t e g r a l "  

r e f e r s  t o  v e h i c l e s  w i t h  n o n - a d j u s t a b l e  h e a d  r e s t r a i n t s .  A d j u s t -  

a b l e  h e a d  r e s t r a i n t s  a r e  e i t h e r  "up" f rom t h e  seat  t o p  o r  "down" 

o n  t h e  s e a t  t o p .  lWo p r o b l e m s  a r i s e  f rom t h i s .  I t  is not known 

i f  t h e  a d j u s t m e n t  is p r o p e r  f o r  t h e  h e i g h t  o f  t h e  o c c u p a n t  

s e a t e d  i n  t h a t  p o s i t i o n ,  and  t h e  a d j u s t m e n t  i s  coded  f o r  t h e  

d r i v e r  o n l y .  R i g h t - f r o n t  o c c u p a n t s  w i t h  a d j u s t a b l e  h e a d  r e s t r a i n t s  

r e c e i v e  t h e  same c o d e d  a d j u s t m e n t  a s  t h e  d r i v e r  o f  t h e i r  v e h i c l e ,  

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

C u r r e n t l y  t h e r e  is no w a y , t o  c i r c u m v e n t  t h i s  p r o b l e m  o t h e r  t h a n  

by o m i t t i n g  r i g h t - f r o n t  o c c u p a n t s  o f  v e h i c l e s  w i t h  a d j u s t a b l e  

h e a d  r e s t r a i n t s .  R i g h t  f r o n t  o c c u p a n t s  h a v e  been  i n c l u d e d ,  

h o w e v e r ,  b e c a u s e  o f  t h e  p r o b l e m s  r e l a t i n g  t o  c e l l  s i ze .  The 

r i g h t - f r o n t  o c c u p a n t  d a t a  must  be  r e v i e w e d  w i t h  r e s p e c t  t o  t h i s  

p r o b l e m .  

The above-ment ioned  l i m i t a t i o n s  n o t w i t h s t a n d i n g ,  i t  w a s  

f o u n d  t h a t  h e a d  r e s t r a i n t  c o n f i g u r a t i o n  had  no  s i g n i f i c a n t  

( C h i - s q u a r e  tes ts)  e f f e c t  on  t h e  r a t i o  o f  i n j u r y  t o  no  i n j u r y ,  

(Appendix  F ,  T a b l e s  F-17 t o  F-22).  I t  w a s  n e c e s s a r y  t o  g r o u p  

a l l  i n j u r y  s e v e r i t i e s  i n t o  a,n " i n j u r e d "  c l a s s i f i c a t i o n ,  s i n c e  

o n l y  20  (3 .4%)  o f  5 9 1  f r o n t  o c c u p a n t s  h a d  a Neck AIS h i g h e r  t h a n  

1 ( m i n o r ) .  



4 .5  Occupant In jury  and Seatback Def lect  ion 

Front-seat  con t ac t s  comprised 17.7% of the  con tac t s  

a s soc i a t ed  w i t h  i n ju ry  t o  occupants of rear-damaged veh ic l e s  

(Figure  7 ) .  Residual  f r o n t  seatback d e f l e c t i o n ,  a s  a  r e s u l t  

of f r o n t  occupant c o n t a c t ,  was compared w i t h  o v e r a l l  occupant 

AIS, w i t h  d e f l e c t i o n  divided i n  5' groupings.  

The r e s u l t s  i n d i c a t e  t h a t  t he  percentage of uninjured 

occupants decreases  a s  seatback d e f l e c t  ion i n c r e a s e s .  These 

r e s u l t s ,  which on t h e  s u r f a c e  may appear t o  i n d i c a t e  a causal  

r e l a t i o n s h i p ,  a r e  probably more i n d i c a t i v e  of impact s e v e r i t y  

than anything e l s e .  T h i s  i s  analogous t o  t h e  s e a t  separa t ion-  

impact s e v e r i t y  i s s u e  i n  f r o n t a l  impacts d i scussed  e a r l i e r .  

A t  any r a t e ,  t h i s  f i n d i n g ,  a lone ,  i s  not s u f f i c i e n t  t o  impl ica te  

seatback d e f l e c t i o n  a s  a  causa l  mechanism i n  i n j u r y  product ion.  

When seatback de f l ec t i ons 'we re  grouped i n t o  those  w i t h  

l e s s  than 5' d e f l e c t i o n  and those  w i t h  more than 5' d e f l e c t i o n  

and subse t  on head r e s t r a i n t  con f igu ra t i on ,  i t  was found aga in  

t h a t  head r e s t r a i n t s  had l i t t l e  o r  no e f f e c t  on Overa l l  AIS. 

The d a t a  were pooled s o  t h a t  a  RIDIT a n a l y s i s  (8)  could 

be performed. For t h i s  purpose t h e  "None1' and "Down" column 

d a t a  were added toge the r  and considered t o  comprise a  "No Head 

R e s t r a i n t "  category ; t he  " I n t e g r a l "  and "Up" d a t a  were combined 

t o  form a  "Head R e s t r a i n t "  ca tegory.  Cases w i t h  d a t a  missing 

on e i t h e r  AIS o r  head - r e s t r a in t  adjustment were excluded.  The 

pooled da t a  a r e  d isplayed i n  Tables 24 and 25. 

The RIDIT a n a l y s i s  r evea l s  t h e  fol lowing f o r  cases  w i t h  

l e s s  than 5  degrees seat-back d e f l e c t i o n :  

a .  The p r o b a b i l i t y  t h a t  an occupant would 
i ncu r  t h e  same AIS w i t h  o r  wi thout  a  
head r e s t r a i n t  is  0 .58.  

b .  The p r o b a b i l i t y  t h a t  an occupant would 
incur  a  lower AIS w i t h  a  head r e s t r a i n t  
than without i s  0.17.  

c .  The p r o b a b i l i t y  t h a t  an occupant would 
incur  a  lower AIS wi thout  a  head r e s t r a i n t  
than w i t h  a  head r e s t r a i n t  is 0.25. 



The analogous p r o b a b i l i t i e s  f o r  Table 25 a re  0.56, 0.17, and 

0.27. These r e s u l t s  a re  not s i g n i f i c a n t  ( p  = 0.39 and p = 0.15, 

respect ive ly)  , 

In these cases ,  then, an occupant is j u s t  about a s  wel l  

o f f  without a  head r e s t r a i n t  as  w i t h  one, w i t h  a  s l i g h t  pre- 

ference fo r  the former. I t  m u s t  be emphasized, however, t h a t  

both accident-severity data  and head-restraint  adjustment da ta  

a re  f a r  poorer than needed f o r  conclusive r e s u l t s .  

The same grouping of occupants on seatback def lec t ion  

( l e s s  than 5' and g rea te r  than 5') was subset on head r e s t r a i n t  

configuration and Neck and Lower Back AIS. No s t a t i s t i c a l l y  

s i g n i f i c a n t  (Chi-square t e s t s )  d i f ferences  i n  i n j u r y  seve r i ty ,  

f o r  occupants w i t h  the same head r e s t r a i n t  configurations and 

d i f f e r e n t  seatback def lec t ion  l e v e l s ,  were found f o r  these body 

regions.  However, occupants w i t h  more than 5' seatback de f l ec t ion  

had a  s l i g h t l y  higher i n j u r y  r a t e ,  possibly due t o  having been 

involved i n  more severe crashes.  

4 .6 Occupant Injury and Occupant Height 

Seat back "height,  " a s  measured by head r e s t r a i n t  configurat ion,  

and occupant height were compared w i t h  i n j u r y  frequency t o  

determine i f  the  height of the occupant might be a  f ac to r  i n  

head r e s t r a i n t  e f fec t iveness .  Unfortunately, the  only measure 

of occupant height ava i lab le  in - , the  CP1R):file i s  o v e r a l l  height ,  

and occupant seated height would be more appropriate  t o  t h i s  

problem. There a re  a l s o  no da ta  avai lab le  t o  determine seatback 

height i n  inches,  w i t h  o r  without a  head r e s t r a i n t .  A more pre- 

c i s e  analys is  would require  both. 

Three groupings of f ront -sea t  occupant heights  were used: 

60-65 inches,  66-71 inches,  and 72-77 inches. These three  

groupings contained 82.8% of the f ront -sea t  occupants and most 

of the a d u l t ,  f ront-seat  occupants. 



T a b l e  24 

D i s t r i b u t i o n  o f  O c c u p a n t s  i n  S e a t s  which  D e f l e c t e d  5' o r  
L e s s  by O v e r a l l  AIS a n d  Head R e s t r a i n t  C o n f i g u r a t i o n  

AIS 

0 
1 
2 
3 
4 
5 
6-t 
T o t a l  

* Head R e s t r a i n t  * 
Yes No 
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D i s t r i b u t i o n  o f  O c c u p a n t s  i n  S e a t s  w h i c h  D e f l e c t e d  
More Than 5O by O v e r a l l  AIS a n d  Head R e s t r a i n t  C o n f i g u r a t i o n  

AIS Yes No 

0 
1 
2 
3 
4 
5 
6 
T o t a l  

* 
Yes = i n t e g r a l  h e a d  r e s t r a i n t  or  a d j u s t e d  i n  t h e  

"up" p o s i t  i o n .  
No - no  h e a d  r e s t r a i n t  o r  a d j u s t e d  i n  t h e  "down" 

p o s i t i o n .  



No s i g n i f i c a n t  d i f f e r e n c e  (Chi-square t e s t )  i n  Neck o r  

Lower-Back AIS could be found e i t h e r  among o r  ac ros s  t he se  

t h r e e  height  groupings when they were subse t  on head r e s t r a i n t  

con f igu ra t i on .  Su rp r i s ing ly ,  t a l l e r  occupants,  over 6 f e e t ,  

had somewhat fewer neck and lower back i n j u r i e s  than s h o r t e r  

occupants,  although t h e  d i f f e r e n c e  was not s t a t i s t i c a l l y  

s i g n i f i c a n t .  

4 . 7  Occupant In ju ry ,  Seating-System Var iab les ,  and Impact Sever i ty  

One measure of impact s e v e r i t y  is the  Co l l i s i on  Deformation 

C l a s s i f i c a t i o n  (CDC) ex t en t  code. T h i s  code i s  a  s i n g l e  number 

(1-9) which is  r e l a t e d  t o  t h e  amount of shee t  metal crush 

r e l a t i v e  t o  t he  passenger compartment. In rear-damaged veh ic l e s  

an ex t en t  code g r e a t e r  than 5 i s  used when crush extends  i n t o  

t h e  passenger compartment. T h i s  code is not p r e c i s e ,  however, 

i n  t h a t  i t  does not t ake  i n t o  account e i t h e r  t he  a r ea  which 

is damaged o r  t he  crush c h a r a c t e r i s t i c s  of the  veh i c l e .  Despite 

t h e s e  drawbacks t he  CDC ex t en t  code was used t o  group veh ic l e s  

according t o  c o l l i s i o n  damage. I t  was hoped t h a t  by doing t h i s ,  

pos s ib l e  r e l a t i o n s h i p s  not here tofore  ind ica ted  might su r f ace  

on s e a t i n g  system v a r i a b l e s  and occupant i n j u r i e s .  When 

measured by Overal l  AIS i t  w a s  found (Tables F-27, 2 8 )  t h a t  

moderate and s e r i o u s  i n j u r i e s  (AIS 2 and g r e a t e r )  p red ic tab ly  

increased  w i t h  inc reas ing  l e v e l s  of accident  damage f o r  both 

f r o n t  and rea r - sea t  occupants.  A more s e n s i t i v e  accident  

s e v e r i t y  measure might have i nd i ca t ed  an even s t ronge r  r e l a t i o n -  

s h i p  of occupant i n ju ry  w i t h  veh i c l e  damage. 

The r a t i o  of minor i n j u r i e s  t o  no i n j u r i e s ,  on t h e  o the r  

hand, d id  not show q u i t e  the  same inc rease s  f o r  f ron t - s ea t  

occupants a s  f o r  rea r - sea t  occupants. While rea r - sea t  occu- 

pants  show an almost monotonic increase  i n  minor and severe  

i n j u r y  l e v e l s  and a  corresponding decrease  i n  no i n j u r i e s ,  

f ron t - s ea t  occupant i n j u r y  l e v e l s  do not correspond q u i t e  so  



n e a t l y .  Again, a  more s e n s i t i v e  measure of impact s e v e r i t y  may 

show a  more cons i s ten t  r e l a t i o n s h i p .  I t  m u s t  be remembered, 

however, t h a t  s e l e c t i o n  c r i t e r i a  used by  the  accident  i nves t i -  

ga t i on  teams could a l s o  account f o r  the  observed d i s p a r i t y ,  

When head r e s t r a i n t  conf igurat ion and seatback de f l ec t i on  

were subset  by accident  s e v e r i t y  a  major problem arose i n  c e l l  

s i z e .  Although 591 occupants i n  s ea t i ng  pos i t i ons  normally 

equipped w i t h  head r e s t r a i n t s  were ava i l ab l e  f o r  t h i s  a n a l y s i s ,  

the  i n t e r a c t i o n  of missing data  on ind iv idua l  va r i ab l e s  and a  

l a rge  number of va r i ab l e s  produced very small  f requencies  

wi th in  ind iv idua l  c e l l s .  No s t a t i s t i c a l  s i gn i f i cance  t e s t s  

could be used on da ta  t a b l e s  w i t h  many empty c e l l s ,  b u t  l i t t l e  

e f f e c t  could be noted on neck o r  o v e r a l l  i n ju ry  f o r  head 

r e s t r a i n t  conf igurat ion o r  seatback de f l ec t i on .  

Groupings on the  above-mentioned va r i ab l e s  were made i n  

an at tempt t o  ge t  l a rge  enough populat ions f o r  s t a t i s t i c a l  

t e s t i n g .  Several  groups were looked a t :  i n t e g r a l  head r e s t r a i n t s  

vs .  no head r e s t r a i n t ,  i r r e s p e c t i v e  of seatback d e f l e c t i o n ;  and 

seatback d e f l e c t i o n  l e v e l s ,  i r r e s p e c t i v e  of head r e s t r a i n t  

adjustment. No s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r ences  were noted 

on these  va r i ab l e s  f o r  e i t h e r  Overall  AIS o r  Neck AIS when 

grouped i n  t h i s  manner. I t  is  not poss ib le  t o  f u r t h e r  determine 

i f  these  non-s ignif icant  r e l a t i o n s h i p s  were the  r e s u l t  of an 

i n s e n s i t i v e  measure of damage s e v e r i t y ,  case s e l e c t i o n  b i a s ,  a  

real-world phenomenon o r  some o ther  f a c t o r .  

4 . 8  Summary 

The r e s u l t s  of the  ana lys i s  on the  CPIR populat ion of p r i -  

mary rear-damaged passenger ca r s  have ind ica ted  a  cons i s t en t ly  

occurring s e t  of minor i n j u r i e s  i n  such damage types .  When 

seating-system va r i ab l e  i n t e r a c t i o n s  a r e  assessed t o  determine 

t h e i r  e f f e c t  on i n j u r y  frequency and s e v e r i t y ,  l i t t l e  d i f f e r ence  

i s  found. The known b iases  of the CPIR f i l e ,  r e s u l t i n g  pr imar i ly  



f r o m  i n d e p e n d e n t  c a s e  s e l e c t i o n  c r i t e r i a ,  wou ld  t e n d  t o  mask 

s m a l l  d i f f e r e n c e s  i n  m i n o r  i n j u r y  r a t e s  f o r  s u c h  v a r i a b l e s  a s  

h e a d - r e s t r a i n t  c o n f i g u r a t i o n .  O t h e r  i n v e s t i g a t o r s  ( S t a t e s ,  6 ,  

McLean, 7 )  h a v e  f o u n d  m o d e r a t e  d i f f e r e n c e s  i n  i n j u r y  r a t e s  

f o r  o c c u p a n t s  w i t h  d i f f e r e n t  h e a d - r e s t r a i n t  c o n f i g u r a t i o n s .  

T h i s  i n v e s t i g a t i o n  n e i t h e r  r e f u t e s  n o r  s u p p o r t s  t h o s e  f i n d i n g s .  

Impac t  s e v e r i t y  was  f o u n d , a s  e x p e c t e d ,  t o  b e  o f  some i m -  

p o r t a n c e  w i t h  r e s p e c t  t o  i n j u r y  r a t e s ,  a l t h o u g h  t h e  m e a s u r e  o f  

s e v e r i t y  w a s  n o t  precise and  t h u s  t h e  f i n d i n g s  were n o t  a s  

c o n s i s t e n t  a s  m i g h t  be  e x p e c t e d .  G e n e r a l l y  i t  w a s  f o u n d  t h a t ,  

g i v e n  a n  i n j u r y - p r o d u c i n g  a c c i d e n t  ( and  most c a s e s  i n  t h e  CPIR 

f i l e  a r e ) ,  s e a t i n g - s y s t e m  v a r i a b l e s  a p p e a r  t o  h a v e  l i t t l e  e f f e c t  

o n  m i n o r  i n j u r i e s .  I t  was  f o u n d  t h a t  rear-seat  o c c u p a n t s  w e r e  

i n j u r e d  s i g n i f i c a n t l y  less o f t e n .  Whether  t h i s  i s  d u e  t o  some 

a s p e c t  o f  t h e  s e a t s  t h e m s e l v e s ,  t h e  t e n d e n c y  f o r  r e a r - s e a t  

o c c u p a n t s  t o  be y o u n g e r  a n d  s m a l l e r ,  o r  o t h e r  v a r i a b l e s  i s  n o t  

known. 





APPENDIX A 

DESCRIPTION OF THE HSRI CPIR FILE 

The CPIR accident data  f i l e  a t  the UM Highway Safety 

Research I n s t i t u t e  cons i s t s  of computerized repor ts  of 7,291 

(January 31, 1975 update) coll ision-involved vehicles  inves t i -  

gated and reported on by 22 mult id isc ip l inary  accident inves t i -  

ga t ion  teams s ince  1969 i n  a s  many d i f f e r e n t  loca t ions  throughout 

the U.S. The f i l e  takes i t s  name from the  accident report ing 

form most commonly used by the inves t iga t ing  teams--the General 

Motors - Col l i s ion  - Performance and - Injury - Report Long Form, 

Revision 3 ,  Computerized case repor ts  derived from tha t  form 

include more than 800 var iables  on each acc ident :  loca t ion ,  

environmental condi t ions,  possible  mechanical malfunctions, col- 

l i s i o n  configurat ion,  objec ts  contacted,  d r ive r  impairment, 

t r a f f i c  v io la t ion ,  l ega l  ac t ion ,  type of l o s s ,  vehicle descr ip t ions ,  

e x t e r i o r  damage, s t ee r ing  column performance, f i r e ,  p i l l a r s ,  

f u e l  tank and l i n e s ,  windshield, passenger compartment, instrument 

panel,  s e a t s ,  head r e s t r a i n t s ,  occupants, r e s t r a i n t  systems, 

i n j u r y  s e v e r i t i e s ,  treatment,  and addi t ional  comments. 

The s t r eng ths  of the accident data  i n  the HSRI CPIR f i l e  

a re  tha t  they are  h i g h l y  de ta i l ed .  The data  can be used by 

ana lys ts  t o  evaluate  s p e c i f i c  sa fe ty  f e a t u r e s ,  They can a l s o  

be used t o  e s t a b l i s h  r e l a t ionsh ips  between d i f f e r e n t  va r i ab les  

t o  obtain g rea te r  i n s i g h t  i n t o  crash,  damage, and i n j u r y  

mechanisms. 

One major l imi ta t ion  of the CPIR f i l e  is  tha t  i t s  accident 

cases a re  not a  def ined,  representa t ive  sample of any accident ,  

d r ive r ,  or  vehicle  population nor of a  geographic a rea ;  the 

da ta  do not r e f l e c t  the frequencies w i t h  which various types of 

accidents  ac tua l ly  occur. Cases have never been se lec ted  f o r  

inclusion i n  the f i l e  on the b a s i s  of any systematic sampling 



p lan ,  a n d  t h e r e f o r e  r e s u l t s  ob t a inab l e  from ana lyses  of t h e s e  

da t a  a r e  not gene ra l i zab l e  t o  any real-world geographic a r e a ,  

time per iod ,  veh i c l e  popa la t ion ,  o r  accident  popula t ion.  The 

CPIR f i l e  can i n  no way be considered a  microcosm of t h e  

n a t i o n a l  accident  popula t ion .  

Although the  CPIR f i l e  does not con ta in  a  r e p r e s e n t a t i v e  

sample of real-world acc iden t s  and t h e i r  f r equenc i e s ,  t h e  f i l e  

has s e v e r a l  important uses .  Each case i n  t h e  f i l e  can be con- 

s ide red  a  s i n g l e  experiment o r  da ta  po in t  i n  a  l a r g e  exper imental  

s e r i e s  designed t o  answer ques t i ons  yet  t o  be def ined .  The 

g o a l  of t h i s  s e r i e s  of " func t iona l"  experiments i s  t o  determine 

t h e  func t iona l  form of t h e  v a r i a b l e s  i n  r e l a t i o n  t o  each o t h e r .  

The purposive s e l e c t i o n  of ca se s  t o  be included i n  t h e  f i l e  is  

an at tempt t o  inc lude  i n  t he  f i l e  a l l  l e v e l s  of t h e  independent 

v a r i a b l e s  of p o t e n t i a l  i n t e r e s t .  The i nc lu s ion  of a  p a r t i c u l a r  

case  adds t o  e x i s t i n g  knowledge about one o r  more of t h e  inde- 

pendent v a r i a b l e s  of i n t e r e s t ,  by extending the  range,  f i l l i n g  

a  gap, o r  providing a  combination not previously  repor ted .  

Because t h e  case d a t a  inc lude  such meticulous d e t a i l ,  exp lo ra t i ons  

of  t h e  r e l a t i o n s h i p s  between v a r i a b l e s  can provide i n s i g h t  i n t o  

what happens when an accident  occurs .  In fe rences  can be made 

concerning the  degree t o  which changes i n  one v a r i a b l e  a f f e c t  

l e v e l s  of o t h e r  v a r i a b l e s .  For example, one can compare t h e  

i n j u r i e s  received by occupants wearing l a p  r e s t r a i n t s  t o  those  

of  un re s t r a ined  occupants i n  c r a shes  of s i m i l a r  type and s e v e r i t y .  

Such f i n d i n g s  can be viewed w i t h  cau t ion  a s  r e p r e s e n t a t i v e  of t h e  

def ined s e v e r i t y  of c rashes  i n  t h e  e n t i r e  U.S. acc iden t  popula t ion ,  

even though t h e  p ropor t ions  of such acc iden t s  i n  t h e  CPIR f i l e  

may be v a s t l y  d i f f e r e n t  from those  i n  t he  gene ra l  popula t ion 

of acc iden t s .  One can make more gene ra l  a  f i nd ing  of t h i s  s o r t  by 

applying CPIR-file resul ts  t o ,  f o r  example, a  d i s t r i b u t i o n  of 

crash s e v e r i t y  observed i n  mass (po l ice - repor ted)  acc iden t  d a t a .  

T h i s  method provides  some i n s i g h t  i n t o  t h e  n a t i o n a l  ex t en t  of a  

problem, but i t  is not pos s ib l e  t o  bound t h e  e r r o r s  i n  a  

s t a t i s t i c a l  sense .  



The CPIR case da t a  a r e  biased i n  many w a y s  ( inc lud ing  

unknown ways) because of t he  v a r i e t y  of case-se lect  ion c r i t e r i a  

employed by m u l t i d i s c i p l i n a r y  teams over t h e  years .  I n  t h e  

e a r l y  years ,  t h e  teams n e r e  i n v e s t i g a t i n g  r e l a t i v e l y  r a r e  ca se s  

i n  which t h e  r e l a t i o n s h i p  between crash s e v e r i t y  and occupant 

i n j u r i e s  was unusual--cases involving f a t a l i t i e s  i n  r e l a t i v e l y  

minor c rashes ,  o r  non- in jur ies  i n  severe  c rashes .  In l a t e r  

yea r s  t he  teams were i n s t r u c t e d  t o  i n v e s t i g a t e  "more r e p r e s e n t a t i v e "  

c r a shes ,  but  r epresen ta - t iveness  was not s t r i c t l y  def ined .  H S R I  

is now engaged i n  developing a  d a t a  c o l l e c t i o n  plan which, when 

put  i n t o  e f f e c t  on a n a t i o n a l  b a s i s ,  w i l l  r e s u l t  i n  c o l l e c t i o n  

of m u l t i d i s c i p l i n a r y  case  da ta  t h a t  w i l l  c o n s t i t u t e  a  r e p r e s e n t a t i v e  

sample of a l l  a cc iden t s  i n  t he  U.S. on a  cont inuing b a s i s .  





Appendix B 

Comparison of Texas Sample Data w i t h  Statewide Data 

The Texas 5% Sample Vehicle F i l e  (1973) was c r ea t ed  from t h e  

Texas Master F i l e  by s e l e c t i n g  every twent ie th  case on a  pseudo- 

random b a s i s .  I t  is  of i n t e r e s t  t o  determine i f  sampling 

v a r i a t i o n s ,  on a  chance b a s i s ,  c r ea t ed  s i g n i f i c a n t  b i a s e s  i n  t h e  

cases  t h a t  were included.  Large dev i a t i ons  i n  t h e  percentage.  

r e p r e s e n t a t i o n  of v a r i a b l e s  would need t o  be considered i n  ana lyses  

on t h e  5% d a t a .  

To determine which v a r i a b l e s  bes t  matched the  format of 

the  publ ished da ta  from t h e  Texas Department of Pub l i c  Sa fe ty ,  

t h e  Texas f a t a l  f i l e  was u t i l i z e d .  Since t he  F a t a l  f i l e  con ta in s  

100% of t h e  f a t a l  a cc iden t s  i n  Texas f o r  1973, v a r i a b l e  f r e -  

quencies  were matched w i t h  published f requenc ies  t o  determine 

which f i l e  v a r i a b l e s  a r e  d i r e c t l y  comparable. The v a r i a b l e s  

a r e  t h e  same i n  t he  5% sample f i l e  a s  i n  t h e  F a t a l  f i l e ;  the re -  

f o r e ,  v a r i a b l e s  which match on t h e  f requenc ies  of f a t a l i t i e s  o r  

f a t a l  c rashes  w i l l  match the  5% f i l e  on t o t a l  c r a shes .  

The t a b l e  which fol lows con ta in s  t h e  v a r i a b l e  name, t h e  

f requenc ies  recorded i n  t h e  codebook, and the  f requenc ies  from 

t h e  publ ished acc iden t  d a t a .  The r i g h t  hand column conta ins  

t he  r a t i o  ( i n  pe rcen t )  of t h e  5% da ta  t o  t he  published d a t a .  

The  percentages  range from 3.87% t o  5.878% o r  from 22 .6% 

low t o  17.6% high.  The average value  f o r  a l l  t h e  v a r i a b l e s  i n  



t h e  f o l l o w i n g  t a b l e  i s  4.876% o r  2.48% low. However, i t  shou ld  

be noted  t h a t  t h e  v a r i a b l e s  w i t h  t h e  lowes t  f r e q u e n c i e s  were 

r e s p o n s i b l e  f o r  t h e  w i d e s t  d e v i a t i o n ,  a s  would be e x p e c t e d .  

Tab le  B-1  

Pe rcen tage  R e p r e s e n t a t i o n  of  S e l e c t e d  V a r i a b l e s  i n  
Texas 5% F i l e  (1973) Compared t o  Pub l i shed  S t a t e  S t a t i s t i c s  

V a r i a b l e  Name 

T o t a l  K i l l e d  
F a t a l  Acc iden t s  
I n j u r y  Acc iden t s  
P r o p e r t y  Damage Only Acc. 
Two Motor Vehicles-head on 
Motor Veh ic l e  t o  P e d e s t r i a n  
Motor Veh ic l e  t o  Motor Vehic le  
Motor Vehic le  t o  T r a i n  
Motor Veh ic l e  t o  Parked  Car 
Motor Vehic le  t o  B i c y c l e  
Motor Veh ic l e  t o  Animal 
Motor Vehic le  t o  Fixed Objec t  
Motor Vehic le  t o  Other  Object  
Motor Vehic le  Over turned  
Motor Veh ic l e  Ran o f f  Road 
Other  Non-Coll is ion 
Passenger  Car 
Passenger  Car + T r a i l e r  
Passenger  Car + House T r a i l e r  
Truck 
Truck + T r a i l e r  
T r a c t o r  + S e m i - t r a i l e r  
Truck + House T r a i l e r  
Other  Truck 
Farm Equipment 
Road Machinery 
Bus 
School  Bus 
Motorcycle  

Texas 5% Sample 
V a r i a b l e  Code 
Number 

27 
26 
26 
26 
20 
19 
19 
19 
19  
19  
19  
19  
19 
19 
19 
19 
6 1  
6 1  
6 1  
6 1  
6 1  
6 1  
6 1  
6 1  
6 1  
6 1  
6 1  
6 1  
6 1  

Value - 
1- 9 
1 
2-4 
5 
30  
0 1  
0 2 
03 
04 
05 
0 6 
07 
08 
09 
10 
11 
0 1  
02 
03 
04 
05  
06 
07 
08 
09 
10 
11 
12 
13 

Texas 
Texas 5% Pub. 
Sample Data 

189 3692 
155 3074 

4310 87631 
18066 373521 

550 11905 
2 56 52 19 

16100 334318 
67 12 56 

2052 41466 
14 0 2 963 
3 08 5850 

1927 40229 
9 4 192 1 

245 443 4 
1216 24426 

126 2 144 
30805 635844 

73 1380 
7 166 

5907 122360 
8 2 187 5 

710 14995 
19 335 
3 1 801  

9 2 16  
20 3 56 
85 2 122 
5 1  1223 

497 9911 

Sample 
% of 
Pub. Data 

5.119 
5.042 
4.918 
4.837 
4.620 
4 .905 
4.816 
5.334 
4,949 
4 .725 
5.265 
4.790 
4.893 
5.525 
4.978 
5 ,878  
4 , 8 4 5  
5 , 2 9 0  
4.217 
4 ,828  
4,373 
4 , 7 3 5  
5 ,672 
3 , 8 7 0  
4 ,167  
5 , 6 1 8  
4 , 0 0 6  
4 , 1 7 0  
5 , 0 1 5  



Appendix C 

Comparison cf Texas and U.S.  on Selected 
Demographic and Exposure Var iables  

The r ep re sen t a t i venes s  of any s i n g l e  j u r i s d i c t i o n ' s  acc iden t  

exper ience of t he  country a s  a whole is always open t o  ques t i on .  

From a  cons idera t ion  of t h e  s i m i l a r i t i e s  and d i f f e r e n c e s  between 

Texas and t h e  whole U.S. we have concluded t h a t  Texas i s  a  good 

j u r i s d i c t i o n  from which t o  gene ra l i ze  t o  the  e n t i r e  U.S. 

acc iden t  exper ience.  

Several  demographic and accident  exposure parameters a r e  

presented i n  t h e  fol lowing t a b l e .  I t  can be seen t h a t  most of 

t he  parameters a r e  cons i s t en t  w i t h  each o t h e r  and i n  good agreement 

w i t h  the  U.S. a s  a  whole. The  Texas popula t ion d e n s i t y ,  hcrwever, 

is  only about 3/4 of t h a t  of t h e  whole country ,  and i t  i s ,  of 

course ,  much l e s s  than most s t a t e s .  For comparison, t h e  fol lowing 

popula t ion  d e n s i t i e s  can be noted:  C a l i f o r n i a  - 132; Michigan - 159; 

New York - 388. T h i s  d i f f e r e n c e ,  p a r t i c u l a r l y  i n  view of t h e  o t h e r  

measures of t r a f f i c  exper ience,  i s  considered not t o  be important .  

Texas i s  a l s o  seen t o  be over-represented i n  i t s  t ruck  r e g i s t r a t i o n s  

and i n  i t s  municipal road mileage.  To the se  can be added the  

obvious weather d i f f e r e n c e s ;  Texas c l e a r l y  has l e s s  snowfal l  than 

t h e  nor thern  s t a t e s  (though perhaps not l e s s  than t h e  U.S. average,  

whatever t h a t  might b e ) ,  b u t  o f f s e t t i n g  t h i s  i s  t h a t  Texas probably 

has more r a i n f a l l  than most of t he  s t a t e s .  



Tota l  motor veh ic le  r e g i s t r a t i o n s  and veh ic le  mi les  a r e  

both a t  6.2% of t he  U.S. t o t a l s ;  these  a r e  two of t h e  genera l ly  

accepted t r a f f i c  accident  exposure measures. However, deaths  

per  c a p i t a ,  dea ths  per veh i c l e ,  and deaths  per veh i c l e  mile a r e  

a l l  somewhat h igher  than t he  comparable U.S. f i g u r e s .  

In t h i s  r epor t  the  t o t a l  veh ic le  mi les  have been used t o  

e x t r a p o l a t e  t he  Texas experience t o  t he  e n t i r e  U.S. 

Table C - 1  

Se lec ted  Demographic and Accident Exposure Parameters: Texas 

1973 populat ion 

1973 populat ion dens i ty  

1973 f a t a l  acc iden ts  

1973 f a t a l i t i e s  

United 
S t a t e s  

100% 

1973 t o t a l  motor veh ic le  r e g i s t r a t i o n s  100% 

1973 automobile and t ax i cab  r e g i s t r a t i o n  100yo 

1973 t ruck  and bus r e g i s t r a t i o n s  100% 

1972 d r i v e r  l i c e n s e s  : t o t a l  100% 

1972 d r i v e r  l i c e n s e s :  percentage male 55.8% 

1972 d r i v e r  l i c e n s e s :  percent  under 25 y r  22,113 

1972 t o t a l  road mileage 100% 

1972 municipal road mileage 100% 

1972 r u r a l  road mileage 100% 

1973 veh ic le  miles 100% 

1973 motor veh i c l e  t r a f f i c  deaths  per 
100,000,000 veh ic le  miles 4 .3  

1973 motor veh ic le  t r a f f i c  deaths  per 
10,000 motor veh i c l e s  4.3 

1973 motor veh ic le  t r a f f i c  deaths  per 

Texas - 
5.6% 

44.9 

6.4% 

6.7% 

6.2% 

5 8% 

8.2% 

5.7% 

54,4% 

23,1% 

6 ,6% 

8.4% 

6,3% 

6,2% 

100,000 populat ion 26.6 



Appendix D 

Discussion of Estimates of Nat ional  Accident Experience 

Est imates  of n a t i o n a l  accident  exper ience can be made by 

s e v e r a l  t echn iques ,  b u t  a l l  a r e  sub j ec t  t o  c e r t a i n  common 

problems. This  review of some of those  problems provides  a  per- 

s p e c t i v e  f o r  viewing and using i n f e r ences  and conclus ions  

based on nationwide e s t ima te s .  

1. Representa t iveness  w i t h  r espec t  t o  t h e  phenomenon 

being e s t ima ted .  

Many p r a c t i c a l  and t h e o r e t i c a l  i s s u e s  a r e  involved i n  t h e  

ques t i on  of how adequately t he  accident  exper ience of any s i n g l e  

j u r i s d i c t i o n  r ep re sen t s  t he  n a t i o n a l  exper ience.  The da t a  

p resen ted  i n  Appendix C show some of t he  reasons  why  we consider 

Texas a s  good a s  any o the r  s i n g l e  j u r i s d i c t i o n  f o r  making nation- 

wide p r o j e c t i o n s .  However, c e r t a i n  important d i f f e r e n c e s  do 

e x i s t  and should be kept i n  mind. 

2 .  Reporting p r a c t i c e s  of t he  j u r i s d i c t i o n ( s )  from which 

p r o j e c t i o n s  a r e  made. 

The a c t u a l  acc iden t  phenomena i n  two o r  more j u r i s d i c t i o n s  

might be t h e  same b u t  might be repor ted  d i f f e r e n t l y .  Some of 

t h e  common d i f f e r e n c e s  i n  r epo r t i ng  p r a c t i c e s  a r e  a s  fo l lows :  



a .  D e f i n i t i o n a l  d i f f e r e n c e s .  D i f f e r en t  j u r i s d i c t i o n s ,  

even though they may gene ra l l y  fol low t h e  Uniform Vehicle Code, 

f r equen t ly  have i nd iv idua l  d e f i n i t i o n s  of what acc iden t s  m u s t  be 

repor ted .  The problem, of course, i s  t h a t  t he se  d e f i n i t i o n s  tend 

t o  be r a t h e r  d i f f e r e n t  from j u r i s d i c t i o n  t o  j u r i s d i c t i o n .  Fu r the r ,  

t h e r e  is  no guarantee  t h a t  m o t o r i s t s  fo l low t h e  e x i s t i n g  s t a t u t e s  

t h a t  govern t h e i r  s t a t e .  Although a l l  s t a t e s  r equ i r e  t h a t  c a sua l ty  

acc iden t s  be reported--those involving death o r  in ju ry- - there  

e x i s t  s i g n i f i c a n t  d i f f e r e n c e s  about what property-damage col- 

l i s i o n s  m u s t  be repor ted .  In Texas, f o r  example, t h e  s t a t u t e s  

r equ i r e  t h a t  an accident  r e s u l t i n g  i n  t o t a l  proper ty  damage of 

$25 be r epo r t ed ,  whereas the  comparable f i g u r e  i n  Michigan i s  

$200. 

b .  Reporting methods. The "immediate n o t i f i c a t i o n "  

requirements ( i . e . ,  t he  o b l i g a t i o n  t o  inform po l i ce  of an acc i -  

dent fo r thwi th )  vary from s t a t e  t o  s k a t e .  In  Texas t h e  requ i re -  

ment holds  only f o r  f a t a l  and in ju ry  a c c i d e n t s .  These a r e  a l s o  

requ i red  t o  be repor ted  immediately i n  Michigan, b u t  Michigan 

a l s o  r e q u i r e s  t h e  r epo r t i ng  of property-damage acc iden t s  i n  which 

t h e  t o t a l  apparent  damage is  $200 o r  more. 

c .  Submission of accident  r epo r t  forms, Addi t iona l  

d i f f e r e n c e s  e x i s t  w i t h  r espec t  t o  submit t ing acc iden t  r epo r t  

forms. Texas m o t o r i s t s ,  f o r  example,are s t a t u t o r i l y  requ i red  t o  

f i l e  a  "Dr iver ' s  Conf iden t ia l  Report of Motor Vehicle Accident" 

w i t h i n  10 days of an accident  r e s u l t i n g  i n  dea th ,  i n j u r y , o r  t o t a l  



proper ty  damage of $25 o r  more, and the se  r e p o r t s  a r e  c o l l a t e d  

w i t h  t he  r e p o r t s  submitted by p o l i c e  o f f i c e r s  when t h e  o f f i c i a l  

Texas d a t a  a r e  compiled. A l l  Michigan acc iden t  d a t a ,  on t h e  

o t h e r  hand, a r e  der ived from acc iden t  r epo r t  forms f i l l e d  i n  by 

t h e  i n v e s t i g a t i n g  po l i ce  o f f i c e r  (s)  . 
In a d d i t i o n  t o  t he se  s t a t u t o r y  and procedural  d i f f e r e n c e s ,  

d i f f e r i n g  a t t i t u d e s  and knowledge about t h e  l e g a l  r epo r t i ng  

requirements might e x i s t  among moto r i s t s  from s t a t e  t o  sLa te .  

These d i f f e r e n c e s  could f u r t h e r  a l t e r  t he  number and type of 

acc iden t s  t h a t  become a  p a r t  of a  s t a t e ' s  o f f i c i a l  s t a t i s t i c s ,  

I t  i s  commonly assumed, however, t h a t  f a t a l  and injury-pro- 
* 

ducing acc iden t s  a r e  repor ted  accu ra t e ly .  The more severe  c rashes  

a r e  more uniformly governed w i t h  r e spec t  t o  r epo r t i ng  requirements 

a c r o s s  j u r i s d i c t i o n s ,  and they a r e  more l i k e l y  t o  be i nves t i ga t ed  

and repor ted  by p o l i c e  o f f i c e r s ,  

Nat ional  Safety  Council Data 

Because of t h e  problems c i t e d  above, e s t ima te s  of nationwide 

acc iden t  exper ience from the  National  Safety  Council (NSC), o r  

from any o t h e r  o rgan iza t i on ,  m u s t  be used w i t h  c a r e .  Unfor tunate ly ,  

* 
J.L. Recht, "The Accident Count-How NSC Gets I t , "  T r a f f i c  
Sa fe ty ,  September, 1968. 



b o t h  NSC1s i n p u t  d a t a  s o u r c e s  and  i ts  m o d e l ( s )  f o r  g e n e r a t i n g  

n a t i o n w i d e  p r o j e c t i o n s  o f  f a t a l ,  i n j u r y ,  and p r o p e r t y  damage 

a c c i d e n t  e x p e r i e n c e  have  n o t  been  p u b l i c l y  d e s c r i b e d  i n  d e t a i l .  

T h i s  makes i t  d i f f i c u l t  t o  compare NSC's p u b l i s h e d  d a t a  w i t h  

o t h e r  d a t a  se ts ,  and i t  a l s o  makes f a c e - v a l u e  a c c e p t a n c e  o f  t h e i r  

d a t a  a  q u e s t i o n a b l e  p r a c t i c e .  

However, NSC d a t a  a r e  w i d e l y  q u o t e d  and u s e d  f o r  many d i f -  

f e r e n t  p u r p o s e s .  The f o l l o w i n g  d e f i n i t i o n s ,  which  p resumably  

a p p l y  t o  NSC p u b l i s h e d  d a t a ,  s h o u l d  be  k e p t  i n  mind i n  u s i n g  t h e i r  

s t a t i s t i c s  : 

a .  " F a t a l  a c c i d e n t  i s  a n  a c c i d e n t  which  r e s u l t s  i n  

one  o r  more d e a t h s  w i t h i n  o n e  y e a r . "  

b .  " N o n f a t a l  i n j u r y  a c c i d e n t  is  a n  a c c i d e n t  i n  which  

a t  l e a s t  one  p e r s o n  is  i n j u r e d ,  and no i n j u r y  t e r m i n a t e s  

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

s e v e r i t y ,  " D i s a b l i n g  i n j u r y  is  a n  i n j u r y  c a u s i n g  d e a t h ,  pe rmanen t  

d i s a b i l i t y ,  o r  any d e g r e e  o f  t e m p o r a r y  t o t a l  d i s a b i l i t y , "  - Per -  

manent d i s a b i l i t y  is  d e f i n e d ,  b u t  motor  v e h i c l e  i n j u r y  f r e q u e n c i e s  

a r e  n o t  p r e s e n t e d  s e p a r a t e l y  f o r  t h i s  c a t e g o r y .  I t  s h o u l d  be 

n o t e d ,  however ,  t h a t  "Temporary t o t a l  d i s a b i l i t y "  is a n  i n j u r y  

which d o e s  n o t  r e s u l t  i n  d e a t h  o r  permanent  d i s a b i l i t y ,  b u t  which  

r e n d e r s  t h e  i n j u r e d  p e r s o n  u n a b l e  t o  p e r f o r m  r e g u l a r  d u t i e s  on 

one  o r  more f u l l  c a l e n d a r  d a y s  a f t e r  t h e  day o f  t h e  i n j u r y . "  

The s o u r c e  d a t a  and t h e  c u r r e n t  methods  f o r  e s t i m a t i n g  i n j u r y  a c c i -  

* 
A c c i d e n t  F a c t s :  1974 E d i t i o n ,  N a t i o n a l  S a f e t y  C o u n c i l ,  
C h i c a g o ,  1974 ,  



dents  a r e  both unc lear ,  and i t  is  unknown how in ju ry  acc iden t s ,  

a s  def ined by NSC, r e l a t e  t o  t h e  "A" t "By AND "C" i n ju ry  c l a s s i f i -  

c a t i o n s  used by many s t a t e s .  

c .  "Property damage accident  is an accident  which 

r e s u l t s  i n  proper ty  damage, but i n  which no person i s  in jured ."  

To be noted is t h a t  no lower monetary l i m i t  i s  included i n  t h i s  

d e f i n i t i o n ,  and presumably NSC1s e s t ima te s  under t h i s  l a b e l  a r e  

f o r  a l l  e x t e n t s  of property-damage acc iden t s .  

T h e  reader  i n t e r e s t e d  i n  pursuing the se  t o p i c s  f u r t h e r  is  

* 
r e f e r r e d  t o  Scot t  and C a r r o l l .  

* 
Robert E.  
mation on 
Accident 
Research 

Scot t  and Phi 
E x ~ o s u r e  and 

* 
Robert E.  Scot t  and P h i l i p  S. C a r r o l l ,  Acquis i t ion of Infor-  
mation on Exposure and on Non-Fatal Cr-a-s-hes, Volume I1 : 
Accident Data 1nacc-3169-11, Highway Safety  
Research I n s t i t u t e ,  The Univers i ty  of Michigan, Ann Arbor, 

l i p  S. C a r r o l l ,  Acquis i t ion o  
on Non-Fat a 1  .Cr-a-s-hes, Volume 
i e s  Report 03169-11, Highway 
-) 

Univers i ty  

f  Infor-  
11: - 

Safety  

May, 1971. 





APPENDIX E 

F a t a l  R e a r  I m p a c t s  i n  t h e  CPIR F i l e  

S e v e r e  i n j u r i e s  and f a t a l i t i e s  a r e  r e l a t i v e l y  r a r e  i n  r e a r -  

damaged v e h i c l e s .  Ten f a t a l  a c c i d e n t s  a r e  p r e s e n t  i n  t h e  CPIR 

f i l e  w h e r e  o n e  o r  more p e r s o n s  d i e d  i n  r ea r -damaged  v e h i c l e s ,  a 

number s m a l l  enough t o  a l l o w  a  c a s e  -by - c a s e  r e v i e w .  C a s e - h i s t o r y  

d o c u m e n t a t i o n  was  a v a i l a b l e  f o r  r e v i e w  f o r  o n l y  s e v e n  c a s e s ,  

r e p r e s e n t i n g  e i g h t  f a t a l i t i e s .  A s h o r t  d e s c r i p t i o n  is g i v e n  f o r  

e a c h  a t  t h e  e n d  o f  t h i s  a p p e n d i x .  

No c a s e  w a s  found  which  a t t r i b u t e d  t h e  s o l e  c a u s e  o f  
* 

d e a t h  t o  w h i p l a s h ,  a l t h o u g h  w h i p l a s h  was  a s s o c i a t e d  w i t h  two 

f a t a l i t i e s .  The most  f r e q u e n t  c a u s e  o f  d e a t h  was  f a t a l  head  

o r  n e c k  i n j u r i e s ,  a l l  b u t  o n e  f a t a l i t y  b e i n g  d u e  t o  s u c h  

i n j u r i e s .  The o n e  e x c e p t i o n  was  d u e  t o  i n c i n e r a t i o n  by f i r e .  

Two o c c u p a n t s  d i e d  o f  f a t a l  h e a d  and  n e c k  i n j u r i e s  b u t  

e x a c t  c o n t a c t s  were n o t  known d u e  t o  f i r e  damage. The r o o f  

w a s  s u s p e c t e d .  T h r e e  d r i v e r s  were f a t a l l y  i n j u r e d  s t r i k i n g  t h e  

r o o f ,  r e a r  s e a t ,  o r  s i d e  i n t e r i o r  and  s u f f e r i n g  f a t a l  h e a d  

o r  n e c k  i n j u r i e s .  One o f  t h e s e  d r i v e r s  was  t h o u g h t  t o  h a v e  

s u f f e r e d  w h i p l a s h  a s  we l l .  

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

g r o u n d  c o n t a c t ,  One r e a r - s e a t  o c c u p a n t  d i e d  of  n e c k  i n j u r i e s ,  

d u e  e i t h e r  t o  w h i p l a s h  o r  f r o n t - s e a t b a c k  c o n t a c t .  I t  s h o u l d  

b e  n o t e d  t h a t  none o f  t h e  o c c u p a n t s  i n  any o f  t h e s e  v e h i c l e s  

w e r e  w e a r i n g  s e a t  b e l t s .  

* 
Whip lash  i s  u s e d  here a s  a n  i n j u r y  t y p e .  I t  is u s e d  o n l y  
when t h e  c r a s h  i n v e s t i g a t o r s  u s e d  i t  t o  d e s c r i b e  o c c u p a n t  
i n j u r i e s .  

E- 1 



Some of these fatally-injured-occupant pos i t ions  had head 

r e s t r a i n t s ,  some d i d  not.  Several of the vehicles  contained 

other  occupants, and most of them received only minor i n j u r i e s .  

I t  is  not c l ea r  tha t  there  i s  any pa t te rn  t o  the f a t a l  i n j u r i e s  

i n  t h i s  r a the r  small group of cases ,  other  than the  f a c t  t h a t  

seven out of e ight  died of head and/or neck i n j u r i e s .  In each 

of these cases (except the death by f i r e )  the inves t iga tor  c i t e s  

the  lack of r e s t r a i n t  usage as  a  c r i t i c a l  f ac to r  i n  i n j u r y  causation. 

Fa ta l  Rear-Impact Cases i n  the  CPIR F i l e  

Case AA-143 

T h i s  report  represents  the r e s u l t s  of a  mul t id isc ip l inary  

team inves t iga t ion  of a  two-car c o l l i s i o n  followed by a  f a t a l  

f i r e .  One car  skidded and spun across a  f ive- lane a r t e r i a l  

roadway a t  night on icy pavement. The s p i n n i n g  car was h i t  i n  

the rear  (by a  car  coming i n  the opposite d i rec t ion)  and i t s  

gasol ine tank ruptured. The ensuing f i r e  gut ted the rear-impacted 

vehicle  and inc inera ted  i t s  d r ive r .  The vehicle  was equipped 

w i t h  i n t e g r a l  head r e s t r a i n t s .  

Case MI-319 

T h i s  report  represents  the r e s u l t s  of a  mul t id isc ip l inary  

accident inves t iga t ion  of a  two-car f ront- to-rear  c o l l i s i o n  

followed by f i r e .  One car  turned l e f t  i n  an urban in te r sec t ion  

and was s t ruck i n  the rear  by the second car  t rave l ing  a t  a  



high r a t e  of speed. The occupants ( 2 )  of t he  f i r s t  ca r  su f f e r ed  

f a t a l  head and neck i n j u r i e s  b u t  a  post-crash f i r e ,  r o l l o v e r ,  

and ex tens ive  veh ic le  crush precluded determining occupant 

con tac t s .  The veh i c l e  was equipped w i t h  i n t e g r a l  head r e s t r a i n t s .  

Case MG71026 

T h i s  r epo r t  r ep re sen t s  t he  r e s u l t s  of a mu l t i d i s c ip l i na ry  

accident  i n v e s t i g a t i o n  of a  two-car, f ron t - to - rea r  c o l l i s i o n  i n  

which t h e  d r i v e r  of t he  rear-impacted veh i c l e  su f f e r ed  f a t a l  

i n j u r i e s .  One ca r  d isregarded a  s t o p  s ign  and s t ruck  t h e  second 

c a r  i n  the  r e a r .  The d r i v e r  of the  second car  su f f e r ed  f a t a l  

head i n j u r i e s  when he contacted t he  s i d e  of the  veh ic le  i n t e r i o r .  

The o the r  (2 )  occupants of the  second ca r  su f f e r ed  only minor 

i n j u r i e s .  The veh ic le  was equipped w i t h  i n t e g r a l  head r e s t r a i n t s .  

Case SWR 73018 

This r epo r t  r ep re sen t s  the  r e s u l t s  of a  mu l t i d i s c ip l i na ry  

accident  i nves t i ga t i on  of a  two-car , f ron t - to - rea r  expressway 

c o l l i s i o n  i n  which t h e  d r i v e r  of t he  rear-impacted veh ic le  was 

f a t a l l y  i n ju red .  One c a r  was proceeding a t  a  normal speed on an 

expressway when rear-impacted by a  second car  t r a v e l i n g  a t  an 

excess ive  r a t e  of speed. The d r i v e r  of t h e  f i r s t  c a r  was e j e c t e d  

during a  subsequent ro l l ove r  and su f f e r ed  f a t a l  i n j u r i e s  from 

contact  w i t h  t he  ground. The r i gh t - f ron t  occupant s u f f e r e d  minor 

i n j u r i e s .  The veh i c l e  was equipped w i t h  ad ju s t ab l e  head r e s t r a i n t s .  



Case UNM-32 

T h i s  r e p o r t  r e p r e s e n t s  t h e  r e s u l t s  of a  m u l t i d i s c i p l i n a r y  

a c c i d e n t  i n v e s t i g a t i o n  of a  two-car ,  f r o n t - t o - r e a r  expressway 

c o l l i s i o n  i n  which a  r e a r - s e a t  occupant  of  t h e  r ea r - impac ted  

v e h i c l e  was f a t a l l y  i n j u r e d .  One c a r  s topped  on an urban expres -  

sway and was rear - impacted  by a  second c a r  t r a v e l i n g  a t  a  normal 

speed .  The d r i v e r  and c e n t e r - r e a r  occupan t s  r e c e i v e d  minor 

i n j u r i e s ,  t h e  r i g h t - f  r o n t  occupant  was s e r i o u s l y  i n j u r e d  from con- 

t a c t  w i t h  t h e  s i d e  of  t h e  v e h i c l e  i n t e r i o r .  The l e f t - r e a r  occupant  

s u f f e r e d  e x t e n s i v e  f a c i a l  i n j u r i e s  from c o n t a c t  w i t h  a  door  h a n d l e ,  

t h e  r i g h t - r e a r  occupant  s u f f e r e d  f a t a l  neck i n j u r i e s .  Cause of 

t h e  f a t a l  neck i n j u r i e s  was a t t r i b u t e d  t o  w h i p l a s h .  However, t h e  

occupant  a l s o  c o n t a c t e d  t h e  f r o n t  s e a t b a c k  and ended up w i t h  

her head under  t h e  f r o n t  s e a t  (which s e p a r a t e d  from i ts  t r a c k ) .  

T h i s  1963 model v e h i c l e  d i d  no t  have head r e s t r a i n t s .  

Case UNhI-39 

T h i s  r e p o r t  r e p r e s e n t s  t h e  r e s u l t s  of a  m u l t i d i s c i p l i n a r y  

a c c i d e n t  i n v e s t i g a t i o n  of  a  two-car ,  f r o n t - t o - r e a r  expressway 

c o l l i s i o n  i n  which t h e  d r i v e r  of  t h e  rear - impacted  v e h i c l e  

r e c e i v e d  f a t a l  head i n j u r i e s .  One c a r  was t r a v e l l i n g  a t  a  

moderate  speed  and was s t r u c k  from t h e  r e a r  by a  seccrd c a r  

t r a v e l i n g  a t  a much h i g h e r  speed .  T h e  s e a t b a c k  of  t h e  d r i v e r  of 

t h e  f i r s t  c a r  ( a  s m a l l  impor t )  d e f l e c t e d  and t h e  d r i v e r  s t r u c k  

t h e  r e a r  s e a t  w i t h  h i s  head and s u f f e r e d  f a t a l  i n j u r i e s .  The 

r i g h t - f r o n t  occupant  s u f f e r e d  minor i n j u r i e s ,  i n c l u d i n g  a  s p r a i n e d  

neck and back,  T h e  1966 model v e h i c l e  was no t  equipped  

w i t h  head  r e s t r a i n t s .  



Case UM-418 

T h i s  report  represents  the r e s u l t s  of a mult idiscipl inary 

accident inves t iga t ion  of a  two-car, f ront - to  r ea r  c o l l i s i o n  i n  

which the d r ive r  of the rear-impacted vehicle was f a t a l l y  injured.  

One vehicle  had j u s t  entered a  four-lane roadway and was s t ruck  

i n  the  r ea r  by a  second vehicle t rave l ing  a t  a  h i g h  r a t e  of 

speed. The dr iver  of t h e  f i r s t  vehicle suffered f a t a l  head and 

neck i n j u r i e s ,  s t r i k i n g  the  head r e s t r a i n t  (adjusted up) and the  

roof .  Whiplash was a l s o  considered a  possible  causal mechanism 

of h i s  f a t a l  neck i n j u r y .  





. 
C  rl d 
0 C  d cd 

.r( C O O  C, 
m 0 u 0 rl 
.d C  -d V] 
d 0 r n . d  a 

E cd 
C, 

d .r( d d c C  0 
0 u l d d a ,  0 c, 
0 4 0 3  4 

4 0 U I  U1 C  
0 d V 0 
4 

0 
S 0 r-l .rl 
td 0 U C C U  v 3  d m  
.d .d d 0 a, 0 -4 
k  C ~ Q I  l k  U d 
C, a , C , 4 7 j k a J  d 
m + O M c d t d S  k 0 
0 I @  C  4 g 2 5  aJ U  a E C C 

PI 8 E 



D i s t r i b u t i o n  of  V e h i c l e s  and F a t a l i t i e s  by C o l l i s i o n  
C o n f i g u r a t i o n  and Damage Area : Texas (1973) 

F a t a l  Veh ic l e  F i l e  

Damage Area 

Back 

Rear-end 113 /42 

2 Head-on 13 /7 
C 
o +  Side-Swipe 
.rl m 

9/6 

" 2 Angle .rl 9/3 
M 

4 . d  Other  
0 cCI ' .. $ Sing le -Veh ic l e  19/16 
u 

T o t a l  164/74 

Front  -- 
1B4/98 

8:!8/555 

33/12 

389/102 

1/0 

S i d e  

64/40 

380/336 

36/12 

358/322 

3  /2 

332/265 

Not. App l i c .  
Top Missing Data T o t a l  - 

24/18 49/3 1 414/229 

* 
N1/N2 d e n o t e s  t h a t  N2 pe r sons  d i e d  i n  N 1  v e h i c l e s .  

Tab le  F-3 

D i s t r i b u t i o n  of V e h i c l e s  by C o l l i s i o n  C o n f i g u r a t i o n  
and Damage Area:  Texas (1973) 5% Sample Veh ic l e  F i l e  

Damage Area 
Not A p p l i c a b l e ,  

Back - Fron t  S i d e  - Tqp Missing Data T o t a l  

2 Head-on 247 1818 1622 7  685 4 ,379  
C a r c  

0 Q Side-Swipe 172 5  12 1466 8  546 2 ,704 
cd 

* ' Angle .A 3 42 1 3839 5018 12 1583 10 ,873 
rl M 2 ;;: O t h e r  249 13 8 526 1 278 1 ,192 
U C 

o Sing le -Veh ic l e  374 2537 1514 4  52 1987 6 ,864 
0 

T o t a l  543 0 13 ,267 12 ,699  490 7278 39,164 



Tab le  F-4 

F requenc ies  of Combinations of Damage Areas and T h e i r  
S e v e r i t i e s :  P a s s .  Cars  and Pickups  -- CPIR F i l e  

S i n g l e  Secondary Damage 
Primary Damage 
Damage Area - Front  - Rear - S i d e  Other  

No. of Veh ic l e s  2964 196 85  63 7 10 5 
G No. K i l l e d  200 19 9 49 19 

No. I n j u r e d  2229 159 7 1  53 8 75 
k P r o p e r t y  Damage 52 1 15  5 50 10 

Unknown 14 3 0 0 1 

No. of  Veh ic l e s  276 13 3 5 38  11 
k No, K i l l e d  3 2 1 3 1 

No. I n j u r e d  2 19 111 3 25  9 
P r o p e r t y  Damage 5 2 20 1 10 1 
Unknown 2 0 0 0 0 

No. of Veh ic l e s  1093 226 5 6 578 9 3 
a, No. K i l l e d  115 3 0 7 70 2 1 
2 No, I n j u r e d  7 73 179 47 447 63 
* P r o p e r t y  Damage 2 00 17 2 59 9 

Unknown 5 0 0 2 0 

No. of Veh ic l e s  193 12 4 16 218 26 
k No. K i l l e d  34 16 4 43 6 
a, No. I n j u r e d  12 5 98 11 150 19 
5 P r o p e r t y  Damage 32 10 1. 25 0 

Unknown 2 0 0 0 1 

No. Veh ic l e s  4526 679 162 1471 23 5 
-I No. K i l l e d  
(d 

3 52 67 2 1 16 5 47 
No. I n j u r e d  3343 54 7 13 2 1160 166 

O P r o p e r t y  Damage E 
808 62 9 14 4 20 

Unknown 23 3 0 2 2 

T o t a l  



Tab le  F-5 

D i s t r i b u t i o n  of Front-and-Rear Damaged Veh ic l e s  
and A l l  Damaged Veh ic l e s  by Veh ic l e  Type i n  

t h e  1973 Oakland County F i l e  

Damage Areas 
F ron t  and Rear A l l  O the r s  T o t a l  

Type of Veh ic l e  N Col % N Col % N Col % 

Passenger  Car s  1174 (91 .0 )  49 ,744 (81 .6)  50,198 (81 .8)  

S t a t i o n  Bus, 
C a r r y a l l ,  e t c ,  11 ( 0 . 9 )  3 8 1  ( 0 . 6 )  3 92 ( 0.6)  

Jeep  Type 1 ( 0 . 0 )  148 ( 0 .2 )  149 ( 0.2)  

Pickup o r  
Pane l  Truck 

Othe r ,  Unknown 
Not App l i cab le  36 ( 2 . 8 )  7 , 5 0 0  (12 .3)  7 ,536 (12 .1 )  

T o t a l  1290 (100 ) 60 ,986  (100 ) 62,276 (100 

Frequency of Front-and-Rear Damage Acc iden t s  i n  t h e  
1973 Oakland County F i l e  

Frequency 
Both Front  and Rear Damage 

t o  One o r  More T r a f f i c  U n i t s  1282 (3.7%) 

No T r a f f i c  U n i t s  w i t h  Both 
F ron t  and Rear Damage 



Table  F-6 

D i s t r i b u t i o n  of Vehic les  and C a s u a l t i e s  by TAD 
Damage Area and S e v e r i t y :  Texas (1973) 

5% Sample Vehicle F i l e  

Oamage 
S e v e r i t y  

0  No. of Vehic les  
K I n j u r i e s  
A I n j u r i e s  
B I n j u r i e s  
C I n j u r i e s  

Vehicle  Damage Area 
Back _Front - - Side  - Top T o t a l  
3 17 
7 

362 - - 234 - -0- 9  13 - - 0- - 0- - 0- - 0- - 0- - 0- - 0- - 0- - 0- - 0- 
1 - 0- 2  -0- 3  
1 1 7  -0- 9  

1 No, of Vehic les  2920 4647 4983 18 12568 
K I n j u r i e s  -0- -0- - 0 - - 0 -  
A I n j u r i e s  - 0- 6  3  -0- 9  
B  I n j u r i e s  10 55 17 3  8  5  
C I n j u r i e s  13 9  5  9  58 3  2  59 

2  No. of Vehic les  - 1320 - 3621 3919 - 47 8907 - 
3  

- 
K I n j u r i e s  - 0- - 0- - 0- 3  
A I n j u r i e s  3  27 12 3  4  5  
B I n j u r i e s  2  1 14 5  102 10 278 
C I n j u r i e s  112 129 156 5  402 

3  No, of Vehicles  - 628 2767 - 2445 122 5962 - - 
3  

- 
K I n j u r i e s  - 0- 1 1 5  
A I n j u r i e s  6  92 46 4  148 
B I n j u r i e s  2  9  3  43 22 1 2  1 6  14 
C I n j u r i e s  12 7  243 2  52 11 633 

4  No. of Vehic les  - 14 8  1076 596 103 1923 
1 - K I n j u r i e s  -0- 1 - 2 -  4  

A I n j u r i e s  6  176 6  2  2 0  264 
B I n j u r i e s  3  9  3  86 224 47 696 
C I n j u r i e s  69 200 13 1 18 418 

5  No, of Vehic les  - 43 3  57 - 258 - 73 - 73 1 - 
K I n j u r i e s  - 0- 4  7  5  16 
A I n j u r i e s  2  99 47 8  156 
B I n j u r i e s  8  179 96 4  6  329 
C I n j u r i e s  7  8  5  6  2  16 17 0  

6  No. of Vehicles  - 3  2  260 155 
4 

- 6 0  - 507 
K I n j u r i e s  - 0- 10 6  7% 
A I n j u r i e s  2  90 42 15 149 
B I n j u r i e s  7  118 74 3  2  20 1 
C I n j u r i e s  2  3  63 3  8  12 13 6  

7  No. of Vehicles  22 177 - 109 - 67 - 375 
77 - 

K I n j u r i e s  4  7  34 16 99 
A I n j u r i e s  1 109 6  8  33 2  10 
B  I n j u r i e s  9  100 4  4  3  7  190 
C I n j u r i e s  4  2  3  15 10 52 

Missing No. of Vehicles  
Data,  K I n j u r i e s  
Not A I n j u r i e s  
Appli- B  I n j u r i e s  

c a b l e  C I n j u r i e s  

T o t a l  No. of Vehic les  5430 13267 12699 490 39164 
2 - 5  9  5  6  

- - 
K I n j u r i e s  3 0  189 
A I n j u r i e s  2  0  598 280 83 12 54 
B I n j u r i e s  124 1326 780 196 2998 
C I n j u r i e s  4  82 8  03 7  19 75 2362 



Table F-7 

Dis t r ibu t ion  of Rear-Damaged Vehicles and Casual t ies  by 
Vehicle Type and Vehicle Weight i n  t Q e  Texas (1973) 5% 

Sample Vehicle F i l e  

Mul t i -  Farm Equj,pment,Pedestrians, 
Weight Pass. Purpose Bus, Machines, Other, 
(pounds) - Cars -- Vehicles Pickups Trucks Motorcycles Miss ingData  Tota l  

3 - No.Veh. 3 
K I n j .  

Motor- A I n j .  
Cycles B I n j .  

C I n j .  1 

No. Veh. 303 - - 
K 

No. Veh. 230 - - 
K 

No. Veh. 483 - -  
K 

No. Veh. 1111 
K 

3 000- A 1 
3 500 B 18 

C 109 

No. Veh. 1399 
K 1 

No. Veh. 
K 

4 000- A 
4500 B 

C 

No. Veh. 
K 

No. Veh. 
K 

L 

No. Veh. 
K 
A Trucks 

C 

No. Veh. 237 - -  93 - 462 - 
Other,  K 
l l isc.  , A 2 3 
Unclass, B 7 4 16 
Unknown C 3 0 2 29 

No. Veh. 4508 - 113 550 
7 

- 
K 
.i Tota l  

17 
102 

C 442 

* Blank spaces ind ica te  empty c e l l s .  
F-6 



T a b l e  F-8 

CPIR F i l e  D i s t r i b u t i o n  on V a r i a h l e s  o i  I n t e r e s t  
a s  of J a n u a r y  1 9 ,  1 9 7 5  

I P a s s e n g e r  C a r s  I 
6 6 6 8  V e h i c l e s  

I 

P r i m a r y  R e a r  Damage 

4 5 1  V e h i c l e s  
7 6 8  O c c u ~ a n t  s - 

9 
D r i v e r ' s  Head R e s t r a i n t  Config. 

8 7  O c c u p a n t s  :No Head R e s t r a i n *  
111 0 c c u p a n t s : A d j u s t a h l e :  Up 
204 O c c u p a t ~ t s  : A d , j u s t a b l e ;  Down 
1 7 1  C c c u p a n t s : I n t e g r a l  

1 9  O c c u p a n t s  : \ I i s s i n g  D a t a  

1 I v 1 

3 0  O c c u p a n t s  
~r M i s s i n g  D a t a  o n  

23 Fron t  ; O t h e r  
S e a t i n g  P o s i t  i o n  

1 

C o l l i s i o n  C o n f i g u r a t i o n  1 
I n j u r i e s  

592 F r o n t  O u t b o a r d  

S e a t  b a c k  D e f l e c t  i o n  
' 

124 0 c c u p a n t s : l e s s  t h a n  
1 6 6  O c c u p a n t s  :more  t h a n  El 
3 2 5  O c c u p a n t s :  b l .  D .  

4 0 8  V e h i c l e s  : F r o n t  t o  Rea:. 
28 V e h i c l e s :  S i n g l e  Veh. 

9  V e h i c l e s :  Ang le  
6 V e h i c l e s :  O t h e r  . 

123 R e a r  S e a t  
O c c u p a n t s  

0 

E o  

' 7 3 8  o c c u p a n t s  \.iti- 
C o m p l e t e  I n j u r y  D a t a  

J 



Model 
Year 

1973 

1974 

T o t a l  

D i s t r i b u t i o n  o f  Rear-Damaged P a s s e n g e r  C a r s  
i n  t h e  CPIR F i l e  by Nodel Year 

% of F i l e  6 .8% 



Table  F-10 

Distribution of Rear- Damaged Passenger  Car s  i n  t h e  CPIR 
and Texas 5% Sample I ' i l e s  by 500uPound Keight C l a s s e s ,  

Missing Data Excluded 

1- 1499 

1500- 1999 

2000-2499 

2500-2999 

3000-3499 

3 500-3 999 

4000-4499 

4500-4999 

5000-5499 

Other  

CPI R 
Freq. Col % 

T o t a l  451 

'7, of F i l e  6 . 8  

Texas 5;; 
Freq .  Col  YC. 

( p  C O .  0001, by x t e s t  ) 



L.ist r i b u t  ion of  Driver 's  and Kight-Front Passengers  
of Rear-Damaged P:issenger Cars  by Vehicle  Weight 

and  Occupant Neck AIS 

Weight -of Vehic le  ( l b s . )  
1500- 2000- 2500- 3000- 3500- 4000- 4500 

Neck AIS 
- -  - ~ 

1999 2499 2999 3499 3999 4499 + T o t a l  - - - -  
0 (None) 33 33 37 56 70 56 11 296 

Column %, 

1 

2 

3 

4 

5 

6 

T o t a l  

Row (k 

(N.s. b y x 2  t e s t )  



T a b l e  F-12 

D i s t r i b u t i o n  o f  Occupant I n j u r i e s  by Body Region 
I n j u r e d  i.n Rear-Damaged V e h i c l e s  

RFSiR-DE.MGED VEHICLES TOTAL FILE 
$$ of  

Body Region Freq  . - IC f i l e  f  r e q .  -C r - 
I n t e r n a l  O r g a n s  2  0 . 2  0 . 2  8 82 2 . 7  

B r a i n  3 7  3 . 0  2 . 4  152 8 4 .7  

Face  100 8 . 1  1 .8 57 03 1 7 . 5  

Head 117 9 . 5  3 . 6  32  53 1 0 . 0  

Neck 3  03 2 4 . 5  17 .4  173 9  5 . 3  

S h o u l d e r s  50 4 . 0  3 . 8  13 1 0  4 ,O 

Ches t  & Lpper 
Ekick 124 1 0 . 0  3 . 6  3  463 1 0 . 6  

Lower Back 105  8 . 5  1 4 . 1  746 2 -3 

Abdomen & p l v i s  46 3 . 7  2 . 5  1850 5 . 7  

E x t r e m i t i e s  338  2 7 . 3  2 . 9  11759 3 6 . 1  

Whole Body 1 5  1 . 2  4 . 0  379  1 .2  



Lacera t  ion  

Contusion * 
Pain  

Abrasion 

Concussion 

B u r n  

Hemorrhage 

Other 

T o t a l  

D i s t r i b u t  ioli of Occupant I n j u r i e s  by 
Type of I n j c  r y  i n  Rear-Vamaged Vehicles 

. CPIR 
REAR DAMAGED VEHICLES TOTAL FILE 

r' lo of 
F req .  C': 

-- 1 L - f i l e  - f r e q .  - % 

* 
"Pain" is  o r d i n a r i l y  ass igned  a s  an i n j u r y  t ype  only  a t  AIS 

l e v e l  1 (533 of 538 c a s e s ) .  I n  t h i s  s e t  of d a t a  t h e r e  a r e  5 

ass ignments  of "pain" a t  A I S - 2 .  AIS-2 r e q u i r e s  "severe  

complain ts  w i t h  anatomical  o r  r a d i o l o g i c a l  evidence  . . . "  (of 

i n j u r y ) .  For more d e t a i l  s e e :  "Rating t h e  Seve r i t y  of 

T i s sue  Damage", JAW, Vol. 215, No. 2 ,  J a n . ,  1971. 



T a b l e  F-14 
* 

D i s t r i b u t i o n  o f  C o n t a c t s  A s s o c i a t e d  wii.h 1237 I n j u r i e s  
t o  673 Occupants i n  Rear-Damaged P; i ssenger  Cars  

F r o n t  I n t e r i o r  

Roof 

S i d e  I n t e r i o r  

S e a t s  

B e l t  System 

Head R e s t r a i n t  

~ y p e r e x t e n s i o n / /  
hype r f  l e x i o n  
( impact f o r c e )  

O the r  

T o t a l  

Frequency 

407 

33 

% T o t a l  

2 7 . 0  

2.2  

9 . 6  

* 
A minimum of  1 and a  maximum of  4 c o n t a c t s  a r e  a s s o c i a t e d  

w i t h  each  i n j u r y .  The number of  c o n t a c t s  coded depends on 

t h e  i n v e s t i g a t o r ' s  and o c c u p a n t ' s  o p i n i o n  of  which c o n t a c t  

( i f  t h e r e  was more t h a n  one )  caused  t h e  i n j u r y .  I f  t h e r e  

was more t h a n  one p o s s i b l e  c a u s e ,  t h e n  - a l l  p o s s i b l e  (up  t o  

f o u r )  in , ju ry  p roduc ing  c o n t a c t s  a r e  coded.  





Table F-16 

Body 
Region 

Brain 

Face 

Distr ibut ion of 1237 I n j u r i e s  by Body Region Injured and Injury Severi ty  i n  Rear-Damaged Vehicles 

AIS 
1 2 3 4 5 6 Missing Data 

f req.  c o l  % f req .  c o l  % f req .  c o l  % f req.  c o l  % f r eq .  c o l  % f r eq .  cox % f r eq .  c o l  % 

Head 107 9.7 4 5.8 3 9.7 0 0 2 40.0 1 6.7 0 0 

Neck 2 73 24.7 18 26.1 3 9.7 3 30.0 1 20.0 5 33.3 0 0 

Upper Back 
& Chest 104 9.4 7 10.1 12 38.7 1 10.0 0 0 0 0 0 0 

Lower ack 97 8.8 5 7.2 3 9.7 0 0 0 0 0 0 0 0 

Other 420 38.0 16 23 -2  8 25.8 1 10.0 2 40.0 2 13 - 3  2 100 

Total 1105 69 3 1 10 5 15 2 

Row of Total  89.3 5.6 2.5 0.8 0.4 1.2 

T 
I-' 
UI 

Dis t r ibu t ion  of 1237 I n j u r i e s  by Type of Injury and Injury Severi ty  

Injury Type 

Fracture 8 0.7 10 14.5 12 38.7 2 20. 2 40. 5 33.3 1 50. 

Laceration/ 
Abrasion 169 15.3 13 18.8 4 12 - 9  0 0 0 0 4 26.7 0 0 

Contusion 329 29.8 4 5.8 6 19.4 4 40. 0 0 1 6.7 0 0 

Pain 533 48.2 5 7 -2  0 0 0 0 0 0 0 0 0 0 

Concussion 11 1.0 11 15.9 1 3 -2  3 30. 2 40. 2 13 - 3  1 50. 

Other 54 4.9 26 37.7 8 25.8 1 10. 1 20. 3 20. 0 0 

Total 1105 6 9 3 1  10 5 15 2 

To ta l  
f r eq  c o l  $ 

Row % of Total  89.3 5.6 2.5 0.8 0.4 1.2 0.2 

TmAL F T t 1 7  

Total  Frequency 23,305 

Row % 71.5 



T a b l e  F-17 

Neck AIS 

0  
1 
2  
3 
4 
5  
6  

'? T o t a l  
I-' 
Q, Row % 

D i s t r i b u t i o n  o f  A l l  Occupants  i n  Rear-Damaged Passenge r  C a r s  
by S e a t i n g  P o s i t i o n  and Neck/Lower Back AIS 

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

D r i v e r  R t .  F r o n t  
Col % Col % 

188 45 .4  106 59.9 
212 51.2 64 36 .2  

9 2  - 2  6 3 . 4  
2 - 5  0  
1 .2 0 
1 - 2  0  
1 - 2  1 - 6  

Othe r  F ron t  Rear O the r  T o t a l  

(Co l l apsed  t o  I n j u r y  vs .  N o  I n j u r y ,  p  - 0.0002,  by r2 t e s t )  

Lower Back 
AIS 

T o t a l  4  14 177 
Raw % 5 6 . 1  24 .0  

(Co l l apsed  t o  I n j u r y  v s .  N o  I n j u r y ,  p=0.0827 by x2 t e s t )  



T a b l e  F-18 

Neck AIS 

0  
1 
2  
3 
4 
5 

7J 6 
CI T o t a l  
4 

Neck AIS 

0  
1 
2  
3 
4 
5 
6 
T o t a l  

D i s t r i b u t i o n  o f  D r i v e r s  and Righ t -Fron t  Occupants  by Neck AIS 
a n d  Head R e s t r a i n t  C o n f i g u r a t i o n  

DRIVERS ONLY 

MD* 
Head R e s t r a i n t  C o n f i g u r a t i o n  

None UP Down I n t e g r a l  
Col% Col% Co l.% Col% Col% 

RIGHT-FRONT OCCUPANTS ONLY 
( A d j u s t a b l e  : P o s i t i o n  Unk. ) 

T o t a l  
Col% 

* 
Missing Data  ( T a b l e s  combined and C o l l a p s e d  t o  I n j u r y  v s .  N o  I n j u r y ,  p = 0.9129 by x2 t e s t )  



T a b l e  F - 1 9  

N e c k  A I S  
0 
1 
2 
3 
4 

'? 5 
F 6 
a0 T o t a l  

Raw % 

L o w e r  B a c k  AIS 
0 
1 
2 
3 
4 
5 
6 

T o t a l  

D i s t r i b u t i o n  of O c c u p a n t s  Without H e a d  Restraints 
b y  S e a t i n g  R o s i t i o n  and N e c k / L o w e r  B a c k  AIS 

S e a t i n g  P o s i t i o n  
D r i v e r  R i g h t  Front O t h e r  F r o n t  R e a r  

C o l  % C o l  % C o l  % C o l  % 
O t h e r  

C o l  % 
T o t a l  

C o l  % 



Tab le  F-20 

Neck AIS 
0 
1 
2 

P 
(D 5 

6 
T o t a l  
Raw % 

D i s t r i b u t i o n  of  Occupants w i t h  D r i v e r s  Head R e s t r a i n t  
Adjus ted  Dawn on Sea t  Top by S e a t i n g  P o s i t i o n  

and Neck/Lawer Back AIS 

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

Dr ive r  Right Front  Other  Front  Rear T o t a l  
Col% Col% Col% Co1% Col% 

Lower Back AIS 
0 117 81.8 54 88.5 
1 24 16.8 6 9.8 
2 2 1.4 1 1.6 
3 
4 
5 
6 

T o t a l  143 6 1  





a d  . . 
OQ, 
Q, 



o d d :  orca o a 
cd Crc 

* M a  C, M a :  P 
d C C C (d 
3 .rc ad 3 d C .d 
m q c  m  c, hnc, k 
a, 0 .d a 0 C . d  cd 
k k 0.d 3 $ 

E d r: 
0 0 0  a, 0.d: h 
c (II u ~1 m 9  r: k 
c, r E 3 c d  
ha h O  0 C 

U P  C Q P  U F - d  
k c d *  k - P 
cda a, rda - 

a, a a h  
ci3 D C E  C k  
Q k  rd O k  cd3 
$ 0  d $ 0  ' r) 
. d W  k .drc r C 
hn ffi M a 

m  I -3 
m a  - 0  ffl a 

a d  h a d  C 
P k #dP G I  

+ a  cd c , c d  c,h 
.rl c, C .d c, 4 k 
rc .r( d 3 3 





T a b l e  F-24 

I l i s t r ibu t io l i  01 0ccupal;ts i n  Sea t s  wi th  5') Seatback 
o r  Less b y  Overal l  Iq jury  Sever i ty  and 

Head Res t r a in t  Configurat ion 

?;one 

0 1 

1 1 0 

2 0 

" j 3  C( 0 
.I- 

-4 0 
- 
L) 0 

f i  * 0 

11 . 11 0 

T o t a l  11 

IIead Rest r n i n t  Configurat ion 

I n t e g r a l  UP Dow n 11.D. 

9 1 19 1 

33 7 36 0 

0 1 3 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

42 9 58 1 

Deflect  ion 

To ta l  

3 1 

86 

4 

0 

0 

0 

0 

0 

12 1 

D i s t  r i b u  t,ioli of Occupants i n  Sea t s  w i t h  More than 
5' o i  Seatback u e r l e c t i o n  by Overall I n j u r y  Sever i ty  

a n d  Head Res t r a in t  Configurat ion 

To ta l  

I n t e g r a l  

5 

3 6  

4 

0 

2 

0 

1 

0 

48 

Down 

6  

44  

6  

0 

0 

0 

0 

0 

5  6 

hl.D, To t a l  

0 15 

4 12 0 

0 18 

1 4 

0 3 

0 1 

0 3 

0 1 

5 165 



T a b l e  F-25 

Neck AIS 

3 
4 
5 
6 
T o t a l  

Neck C o n t a c t s  

O t h e r  
F r o n t  S e a t  back 
Head R e s t r a i n t  
B e l t s  
F r o n t  S e a t  Cush ion  
Impact F o r c e  
Tot  a 1  

D i s t r i b u t i o n  o f  F r o n t - O u t b o a r d  O c c u p a n t s  i n  Rear-Damaged P a s s e n g e r  C a r s  
by S e a t i n g  Sys tem a n d  I n j u r y  V a r i a b l e s  

T 
N L. J3ack AIS 
01 

0 
1 
2 
3 
4 
5 
6 
T o t a l  

L.  Back C o n t a c t s  

O t h e r  
Head R e s t r a i n t  
F r o n t  S e a t  back 
S e a t  c u s h i o n  
Impact F o r c e  
T o t a l  

< S e a t b a c k  D e f l e c t i o n  - >5O S e a t b a c k  D e f l e c t i o n  

Head R e s t r a i n t  C o n f i g u r a t i o n  
M.D. None Up Down I n t e g r a l  M.D. None Up Down I n t e g r a l  

- - - -  T o t  a  1 - - - - - -  T o t a l  





Tab le  F-27 

D i s t r i b u t i o n  of  Front -Sea t  Occupants by O v e r a l l  
AIS and Primary Damage Extent  

Primary Damage Extent  

1 Co 1% 2 3-4 5- 9  T o t a l  

rl 
1 

k n 
114 68 .3  107 5 8 . 8  116 6 9 . 0  70  6 4 . 2  4 07 6 5 . 0  

2+ 3 7 4 . 2  15  8 . 2  28 1 6 . 7  20 18 .3  70 11 .2  
0 

T o t a l  167 182 16 8 109 626 

Tab le  F-28 

D i s t r i b u t i o n  of Rear-Seat Occupants by O v e r a l l  
AIS and Primary Damage Ex ten t  

Primary Damage Extent  

1 Col% 2 3-4 5- 9  T o t a l  

Row % 3 9 . 5  2 5 . 6  2 3 . 3  11 .6  

8 2+ 0 0 5 13 .2  4 15 .4  9 7 . 4  

55 .6  44 .4  

T o t a l  27 3 1 38 26 12 2 



T a b l e  F-29 

Head 
R e s t r a i n t  O v e r a l l  
Conf igu ra t ion  AIS 

* 
D i s t r i b u t i o n  o f  D r i v e r s  by Sea tback  D e f l e c t i o n ,  V e h i c l e  Damage E x t e n t  , 

Head R e s t r a i n t  C o n f i g u r a t i o n ,  and O v e r a l l  AIS** 

0 

1 

2 +  

T o t a l  

0 

1 

2+ 

T o t a l  

0  

1 

2+ 

T o t a l  

0  

1 

2  + 
T o t a l  

2 + 
Tot a  1 

Sea tback  D e f l e c t i o n  

Less  t h a n  5O 5O- lo0 
V D I  Primary Damage E x t e n t  

1 2  3 4 T o t a l  1 2  3 4 T o t a l  

More t h a n  lo0 

1 2 3 4 T o t a l  

1 1 

3 2  5 

1 1 

0 0 4 3  7 

* 
Recoded a s  f o l l o w s :  1=1,  2=2,  3=3-4, 4=5-9. 

** 
Recoded a s  f o l l o w s :  AIS 0 = 0 ,  AIS 1 = 1 ,  AIS 2-10 = 2+, Missing Data Excluded.  



Head 
R e s t r a i n t  Neck 
C o n f i g u r a t i o n  AIS 

T a b l e  F-30 

D i s t r i b u t i o n  o f  D r i v e r s  by S e a t b a c k  D e f l e c t i o n ,  V e h i c l e  Damage E x t e n t  , 
Head R e s t r a i n t  C o n f i g u r a t i o n ,  and  Neck AIS 

0  

1 

2 +  

T o t a l  

0  

1 

2 +  

T o t a l  

0  

1 

2+ 

To ta  1 

0  

1 

2+ 

T o t a l  

0  

1 

2 +  

T o t a l  

Sea tback  D e f l e c t i o n  

Less t h a n  5 O  5O- lo0 
VDI Damage E x t e n t  

1 2  3 4 T o t a l  1 2  3 4 T o t a l  

M o r e  t h a n  lo0 

1 2  3 4 T o t a l  



0 h l r l  m 0 r l d  cy m CU d 

0 rl rl rl rl rl rl m c? 

rl 0 d CU N d N  rl rl 

rl r l m  * rl r l ~  m m 

hl N d m r l ~ n  0 m m  a 

0 d'h l  CQ rl 4 d m  m 





Table F-33 

D i s t r i b u t i o n  of Drivers  and Right- Front Occupants 
w i t h  I n t e g r a l  Head R e s t r a i n t s  by .Seatback Def lec t ion  

and Neck AIS,Grouped on Damage Sever i ty  

VDI Exten ts  1-2 (moderate) 

Seatback Def lect  ion 

< 5O - > 5O - r l o 0  > l o 0  To ta l  

Neck Col % 
AIS 0 14 45.2 0 

To ta l  31  1 11 43 

VDI Extent 3-4 (Severe)  

5 O  - >5O - < l o 0  > lo0  To ta l  

Neck 
AIS 0 4 33.3 4 57.1  6 30 .0  14 35.9 

Tota l  12 7 2 0 39 



Table F-34 

D i s t r i b u t i o n  of Drivers  w i t h  No Head Res t r a in t  o r  
Adjustable Head Res t r a in t  i n  t he  Down ~ o s i t i o r  

by Seatback Def lect ion and Neck AIS Grouped 
on Damage Sever i ty  

VDI Extent 1-2 (Moderate) 

Seatback Def lec t ion  

To ta l  

Neck Col  % 
AIS 0 19 47.5 1 12.5  2  13.3 22 34.9 

To ta l  40 8 15 63 

VDI Extent 3-4 (Severe)  

Neck 1 7 63.6 10 76.9 8 53.3 25 64.1  
AIS 

21- 0 0 1 6 .7  1 2.6 

To ta l  11 13 15 39 
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