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1'6. Ahact 
The most f r e q u e n t l y  s t a ted  reason f o r  no t  wearing sa fe ty  b e l t s  

g i ven  i n  a  recen t  survey o f  Michigan l i censed  d r i v e r s  was t h a t  they 
m igh t  t r a p  an occupant i n  a  car which had e i t h e r  caught on f i r e  or  was 
immersed i n  water.  

Th i s  r e p o r t  presents  a  se r ies  of analyses intended t o  exp lore the 
inc idence o f  death from automobi le f i r e s  and immersions and the  
assoc ia t i on  between b e l t  usage and such deaths. 

A number o f  sources o f  acc ident  data are used i n  the study. The 
Fa ta l  Accident Repor t ing System (FARS), the  Nat iona l  Crash Sever i t y  
Study (NCSS) , and the  Nat iona l  Accident Sampl i ng Sys tem (NASS) , a 1 1 
p rov ided  by the Nat iona l  Highway T r a f f i c  Safety  Admin is t ra t ion  (NHTSA) 
a re  used t o  p rov ide  n a t i o n a l l y  r ep resen ta t i ve  s t a t i s t i c s .  The na t i ona l  
da ta  a re  augmented by da ta  from the s ta tes  o f  Michigan, Pennsylvania, 
and Washington f o r  a  number o f  analyses f o r  which these sources prov ide 
s p e c i f i c  advantages. 

The analyses i n d i c a t e  t h a t  deaths from f i r e  or  immersion acc idents  
a re  r a r e  among t r a f f i c  f a t a l i t i e s .  The c a p a b i l i t y  o f  se l f - rescue  i n  an 
emergency such as f i r e  o r  immersion i s  preserved by measures which 
increase the l i k e l i h o o d  of remaining conscious. Not us ing r e s t r a i n t s  
approx imate ly  doubles the p r o b a b i l i t y  o f  l o s i n g  consciousness a f t e r  a  
c rash  

The l i k e l i h o o d  o f  death i s  over 40 t imes as g rea t  i f  one i s  e jec ted  
than i f  one remains i n  the  car.  I n  con t ras t  t o  the low incidence o f  
death from f i r e  or  immersion, 22  percent  o f  the f a t a l l y  i n j u red  
passenger car occupants a re  e jected,  and r e s t r a i n t s  near l y  e l im ina te  
e j e c t  ion. 
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1.0 INTRODUCTION 

I n  a  recen t  telephone survey1 o f  Michigan l icensed d r i v e r s ,  

respondents were asked which, o f  a  number o f  i tems, they considered 

v a l i d  reasons f o r  no t  wearing a v a i l a b l e  r e s t r a i n t s  i n  passenger cars .  

The most f r equen t l y  s t a ted  concern was t h a t  the  b e l t s  might  t r a p  an 

occupant i n  a  car which e i t h e r  caught on f i r e  or  which was immersed i n  

water-- thus lead ing t o  ser ious i n j u r y  or  death by f i r e  o r  drowning. 

Passenger car occupant f a t a l i t i e s  usua l l y  r e s u l t  from i n j u r i e s  t o  

the  head,'neck, chest,  o r  abdominal r eg ion  o f  the  body. I n  a  smal l  

number o f  cases deaths a re  assoc ia ted w i t h  burn i n j u r i e s  o r  w i t h  

drowning. With the  advent o f  moderately complete and d e t a i l e d  da ta  

about t r a f f i c  acc idents  and i n j u r i e s ,  i t  i s  poss ib l e  t o  get a  b e t t e r  

unders tanding o f  these phenomena, and thus o f  the  v a l i d i t y  o f  the f e a r s  

expressed by so many. 

To i n v e s t i g a t e  the danger o f  f a t a l i t y  assoc ia ted w i t h  these 

phenomena, and t o  compare these f a t a l i t i e s  w i t h  o thers  r e s u l t i n g  f rom 

t r a f f i c  acc idents ,  s t a t i s t i c s  w i l l  be presented regard ing:  

(1)  The frequency o f  f i r e  and immersion acc idents  
(2)  The frequency o f  entrapment 
(3) The frequency o f  unconsc i ousness 
(4) The frequency o f  e j e c t i o n  and the r e l a t i o n  between e j e c t i o n  

and f a t a l i t y  
( 5 )  The frequency o f  e j e c t  i on  and r e s t r a i n t  usage 

I n  a l l  cases, the s t a t i s t i c s  a re  l i m i t e d  t o  occupants o f  passenger 

ca rs .  E j e c t i o n  i s  examined because, as w i l l  become ev ident ,  i t  i s  a  

much g rea te r  danger than e i t h e r  f i r e  or  immersion. Both f i r e  and 

immersion cases a re  o f t e n  dramat ic .  The media coverage t h a t  such cases 

rece i ve  as a  consequence may lead t o  the  mistaken in ference t h a t  they 

present  a  g rea te r  t h r e a t  than other  highway mishaps. 

James O'Day and L y l e  D .  F i l k i n s ,  Review o f  Telephone Survey o f  
Michigan Residents on Seat B e l t  Usage and A t t i t u d e s ,  F a l l  1982, 
Univers i t y  o f  Michigan Transpor ta t  i on  Research I n s t  i t u t e ,  March 1983 



Unconsciousness e f f e c t i v e l y  p reven ts  s e l f - r e s c u e  i n  cases o f  f i r e  

o r  immersion, and makes rescue by o t h e r s  more d i f f i c u l t .  For t h i s  

reason, t h e  r e l a t i o n  between unconsciousness and t h e  use o f  r e s t r a i n t s  

w i l l  be  examined, 

The analyses presented he re  a r e  based on da ta  f rom a  number o f  

sources. Three sources a r e  f rom programs o f  t he  N a t i o n a l  Highway 

T r a f f i c  Sa fe ty  Admin 

Sys tem (FARS) p rov ides  

thus a  census o f  f 

i s t r a t i o n  (NHTSA). The Fata 

f i l e s  o f  a l l  f a t a l  acc iden ts  

i r e  and immersion f a t a l i t i e s .  

de ta  i 1 ed 

occur r i ng 

I n  add 

been used 

a long w i t h  

1 Acc i dent  Report  i ng 

i n  t h e  county,  and 

The l i m i t a t i o n s  a r e  

t h a t  d e t a i l e d  i n j u r y  da ta  a r e  n o t  inc luded,  and f a t a l i t y  r a t e s ,  e.g., 

f o r  persons e j e c t e d ,  cannot  be d e r i v e d  because t h e  n o n - f a t a l  acc iden ts  

a r e  n o t  represented.  Whi le  they  do n o t  p r o v i d e  a  census o f  acc iden t  

data,  t h e  f i l e s  o f  b o t h  t h e  N a t i o n a l  Crash S e v e r i t y  Study (NCSS) and 

the  N a t i o n a l  Accident  Sampl i n g  System (NASS) ' a r e  c o l  l e c t i o n s  o f  r a t h e r  

about a  random sample o f  t r a f f i c  acc iden ts  i n fo rma t  i o n  

i n  t h e  U. S .  

i t i o n ,  t he  Mich igan S t a t e  P o l i c e  t r a f f i c  acc 

t o  o b t a i n  the  i nc idence  o f  passenger ca r  

assoc ia ted  f a t a l i t y  and r e s t r a i n t  usage. 

i d e n t  f i l e s  have 

f i r e s  i n  Mich igan 

P h y l l i s  A .  Gimotty e t  a l ,  S t a t i s t i c a l  
S e v e r i t y  Study Data, The U n i v e r s i t y  o f  M 

Ana lys i s  o f  t h e  N a t i o n a l  Crash 
i c h i g a n  Highway Sa fe ty  Research 

N a t i o n a l  Center f o r  S t a t i s t i c s  and Ana 
Manual 1981 F i l e  - 9  

l y s i s ,  NASS A n a l y t i c a l  U s e r ' s  



2.0 F I R E  AND IMMERSION ACCIDENTS 

2.1 FATAL ACCIDENTS 

An ana l ys i s  has been made o f  the  1981 FARS data t o  determine the 

number o f  f i r e -  and immersion-associated f a t a l i t i e s  du r i ng  t h a t  year. 

Th i s  ana l ys i s  has been r e s t r i c t e d  t o  occupants who were 10 years o l d  o r  

o l d e r ,  because younger v i c t i m s  may no t  be capable o f  se l f - rescue,  

regard less  o f  the i n f l uence  o f  b e l t s .  The t o t a l  number o f  such 

occupants du r i ng  1981 was 25,668, a1 1 bu t  737 o f  the  passenger car 

f a t a l i t i e s  t h a t  year. 

F A R S  codes immersions on ly  as the most harmful event associated 

w i t h  t h a t  p a r t i c u l a r  veh i c l e ,  suggest ing t h a t  the immersion was 

respons ib le  f o r  the f a t a l  i n j u r y ,  perhaps by drowning. Among t he  25,668 

f a t a l i t i e s ,  364 (or about 1.5%) occurred i n  connect ion w i t h  immersions. 

Only f i v e  o f  the immersion f a t a l  i t i e s  were wearing r e s t r a i n t s  (1.7%) ; 

t h i s  may be compared w i t h  523 r e s t r a i n t  users among the non-immersion 

f a t a l  i t i e s  (2.5%) . Thus, r e s t r a i n t  usage was lower among the  immersion 

f a t a l s  than among other  f a t a l s .  Whi le t h i s  should no t  be considered as 

evidence t h a t  r e s t r a i n t s  prevent  immersion f a t a l i t i e s ,  i t  c e r t a i n l y  does 

no t  suggest t h a t  the use o f  r e s t r a i n t s  increases the danger. 

F i r e  was present  i n  the car f o r  3.6% o f  t he  f a t a l i t i e s  which 

occurred du r i ng  1981. Restr .a ints were repor ted  used by on ly  2% o f  those 

occupants who d i ed  i n  connect ion w i t h  a  f i r e .  Again t h i s  compares w i t h  

a  usage r a t e  o f -  2.5% f o r  a l l  f a t a l i t i e s ,  and as i n  the  case o f  

immersion, does no t  suggest t h a t  the use o f  r e s t r a i n t s  increases the 

danger o f  f i r e s .  

The s t a t e  o f  Michigan does no t  r e p o r t  immersions d i r e c t l y  i n  i t s  

acc ident  f i l e s ,  bu t  Michigan in fo rmat ion  i s  recorded i n  the na t iona l  

f  i 1 es o f  F A R S .  Our i ng 1981 M i  ch i  gan accounted f o r  879 passenger car 

occupant f a t a l  i  t i e s ,  n i ne  o f  which (0.8%) were repor ted  i n  connect ion  

w i t h  immersions. None o f  these n i ne  was res t r a i ned .  



Fire occurred in the cars in which 43 occupants were ki 1 led in 

Michigan (4.6% of all car fatalities). None of these 43 occupants was 

using restraints. 

Considering all of the Michigan passenger car fatalities for that 

year, 4.4% were using available restraints. 



2.2 FATAL AND NON-FATAL FIRES IN M I C H I G A N  

Michigan i s  one o f  ve ry  few s ta tes  which c o n s i s t e n t l y  r epo r t s  

v e h i c l e  f i r e s  and f u e l  leakage, and f o r  t h i s  reason Michigan data have 

been used t o  make na t i ona l  es t imates o f  f i r e  frequency f o r  NHTSA. 

Michigan has repor ted  f i r e s ,  f u e l  leakage, and r e s t r a i n t  usage 

s  i nce 1978. However, UMTR l  has const ructed rec  tangu 1 ar occupant f i 1 es 

o n l y  s ince 1980, and such f i l es  a re  necessary t o  conven ien t l y  study the  

consequences t o  i nd i v  i dua 1 occupants. 

The r e s u l t s  presented here are based on the  aggregate o f  a l l  

acc idents  i n  Michigan i n  the pe r i od  1980 through 1982. Over t h i s  three-  

year pe r i od  t he re  were 3,060 occupants i n  passenger ca rs  which caught on 

f i r e .  Among these, 332 were us i ng  a v a i l a b l e  r e s t r a i n t s ,  and 2,404 were 

unres t ra ined ,  Another 324 e i t h e r  had no seat  b e l t s  a v a i l a b l e  t o  them, 

o r  t h e i r  b e l t  usage was unknown. 

Of the 2,404 unres t ra ined  occupants, 46 (or 1.913%) were k i 1 led.  

I f  the use o f  b e l t s  i n  the  event o f  a  f i r e  posed an increased hazard by 

s lowing or  p reven t ing  escape, we might  expect the p r o p o r t i o n  o f  

f a t a l i t i e s  t o  be higher among the res t r a i ned  occupants. Ac tua l l y  the 

p ropo r t i on  was lower. Of the 332 r e s t r a i n e d  occupants on ly  one was 

k  i 1 l ed  ( f o r  a p ropo r t i on  o f  0.30%) . The expected number o f  f  i r e  

f a t a l i t i e s  ( i f  the p r o b a b i l i t y  o f  f a t a l i t y  were the  same as f o r  the 

unbel ted persons) would have been s i x .  Thus i t  appears t h a t  r e s t r a i n t s  

a re  b e n e f i c i a l  r a t he r  than a hazard i n  the event o f  a  f i r e .  Non- fa ta l  

i n j u r y  ca tegor ies  are s i m i l a r l y  underrepresented among r e s t r a i n e d  

occupants i n  f i r e s .  Only un in j u red  occupants were more p reva len t  among 

the  r e s t r a i n e d  group than among the unres t ra ined  group. 

Dur ing the same pe r i od  (1980-1982) t he re  were 113 r es t r a i ned  

occupants o f  passenger cars  k i l l e d  i n  Michigan w i t hou t  car f i r e s .  

Fourteen o f  these were i n  cars which had a repor ted  f u e l  leak w i t hou t  a  

f i r e ,  e i g h t  were i n  cars which had a f u e l  leak which was accompanied by 

a  f i r e  no t  i n  the  ca r ,  and 91 (or 80.5%) were i n  ca rs  which ne i t he r  

burned or  had a f u e l  leak.  



I t  should be emphasized t h a t  i n  the  three-year pe r i od  i n  Michigan 

on l y  one r e s t r a i n e d  person d i ed  i n  a car which burned. Furthermore i t  

does no t  appear t h a t  the use o f  r e s t r a i n t s  increased f a t a l i t i e s  i n  f i r e  

crashes; the evidence suggests the oppos i te .  



I n  the NASS sample o f  po l i ce - repo r t ed  acc idents  throughout the  U.S. 

on l y  0.18% o f  a l l  passenger car occupants were entrapped. I n  the NASS 

p ro toco l ,  entrapment i s  coded on l y  when the occupant i s  p h y s i c a l l y  

pinned i n  the v e h i c l e  by some deformed p a r t  o f  the car .  Among those 
8 

persons entrapped i n  passenger cars ,  2.5% were us ing  r e s t r a i n t s ;  among 

those no t  entrapped, 12.5% were us ing  r e s t r a i n t s .  Th i s  i s  no t ,  o f  

course, an i n d i c a t i o n  t h a t  r e s t r a i n t s  prevent  entrapment, bu t  more 

l i k e l y  an i n d i c a t i o n  t h a t  people who do no t  wear r e s t r a i n t s  a re  more . 
l i k e l y  t o  be i n  acc idents  which lead t o  severe crush and consequent 

entrapment. 

The f a t a  1 i t y  r a t e  among non-entrapped occupants was 0.11 3%, as 

compared w i  t h  0.349% among those who were entrapped, suggest ing t h a t  t he  

entrapped occupants a re  i n  more severe crashes than the non-entrapped 

occupants. 

I n  the  1981 F A R S  the re  a re  26,425 passenger car occupants who were 

f a t a l l y  i n j u r e d .  O f  these 2,380, or  9%, were e v i d e n t l y  entrapped, as 

evidenced by the  code " e x t r i c a t i o n  requ i red"  shown f o r  them i n  the data.  

The number o f  persons e x t r i c a t e d  whose veh i c l es  a l so  caught on f i r e  was 

157, o f  whom seven (4.4%) were r e p o r t e d l y  us ing  r e s t r a i n t s  i n  the 

veh i c l e .  





4.0 UNCONSC l OUSNESS AMONG OCCUPANTS OF CRASHED C A R S  

Previous sec t ions  have shown t h a t  even among f a t a l i t i e s  i n  passenger 

cars, those assoc ia ted w i t h  f i r e s  o r  immersions i n  water a re  r a re .  

However, such events do occur.  I n  e i t h e r  s i t u a t i o n ,  i . e .  a burn ing o r  

submerged car ,  the  t ime a v a i l a b l e  f o r  rescue may be very  shor t .  A 

person i n  such a circumstance would be very f o r t u n a t e  i f  a good 

Samaritan was present  and capable o f  e f f e c t i n g  a rescue. 

The g rea tes t  l i k e l i h o o d  o f  s u r v i v a l  i s  prov ided by se l f - rescue .  The 

c a p a b i l i t y  t o  e x t r i c a t e  ones s e l f  from a v e h i c l e  i n  such a s i t u a t i o n  i s  

assured on l y  i f  the v i c t i m  remains conscious. Thus, any assoc ia t i on  

between r e s t r a i n t  usage and consciousness immediately a f t r  the crash 

d i r e c t l y  r e l a t e s  t o  the c a p a b i l i t y  f o r  escape. 

The i n j u r y  coding d e t a i l  i n  the  NASS program prov ides  a reasonable 

es t imate  o f  the  inc idence o f  unconsciousness among acc iden t  v i c t i m s .  

Each i n j u r y  t o  each occupant i s  descr ibed by four  l e t t e r s  fo l l owed by 

numerical s e v e r i t y  sca le .  The f i r s t  l e t t e r  denotes the  reg ion  o f  the  

body i n j u r e d  and the second l e t t e r  t he  aspect o f  t he  reg ion.  The t h i r d  

l e t t e r  denotes the type o f  l e s i o n  such as f r a c t u r e ,  contus ion , 
lace ra t i on ,  e tc . ,  and the f o u r t h  l e t t e r  the system or  organ in ju red ,  

e.g. b r a i n , s k e l e t a l ,  hear t ,  r e s p i r a t o r y  system. B r a i n  i n j u r i e s  a re  

coded us ing  e i t h e r  o f  two sca les.  

One i s  used f o r  anatomic i n j u r i e s  i f  the i n j u r y  i s  v e r i f i e d  by a 

CAT scan, E E G ,  surgery,  x-ray,  angiography, or autopsy. Those which a re  

l i k e l y  t o  r e s u l t  i n  unconsciousness immediately a f t e r  impact inc lude  

H-UB3+, H_CB3+, and H_LB4+, where the underscore represents  any of the 

poss ib l e  codes f o r  t h a t  element. 

I f  anatomic les ions  a re  no t  subs tan t ia ted ,  the coding i s  based on 

l eve l  o f  consciousness or  leng th  o f  unconsciousness. The codes which 

denote some d u r a t i o n  o f  unconsciousness f o l  lowing impact a re  HWKB2+ (2+ 

i n d i c a t i n g  a sever i t y  o f  2 or  g rea te r )  . The o n l y  except ion t o  t h i s  

would be the  code HWKB (whole b r a i n  concussion) which would be coded 

w i t h  sever i t y=2  w i t hou t  consciousness i f  the v i c t i m  su f f e red  amnesia or  



was l e t h a r g i c ,  stuporous, o r  obtunded. Even i n  these cases, however, 

the v i c t i m ' s  c a p a b i l i t y  f o r  se l f - r escue  might be compromised i n  a  manner 

s i m i l a r  t o  t h a t  caused by unconsciousness. 

The 10,125 (actua l )  passenger car occupants repor ted i n  the 1981 

NASS can be classed as shown i n  Table 1 .  

Table 1 

N A S S  Passenger Car Occupants 
Level o f  Consciousness 

S ta te  

Conscious . . . 
Unconscious 
bu t  no t  c e r t a i n  
f a t a l  . . . . . 
Ce r ta i n  Fa ta l  . 
To ta l  . . . . . 

Unweighted I We i gh ted 

A s e v e r i t y  code o f  s i x  denotes an i n j u r y  which i s  c u r r e n t l y  

non t rea tab le  and i s  equ iva len t  t o  c e r t a i n  death. I n j u r i e s  o f  lesser 

s e v e r i t y  may or may no t  lead t o  death, s ince the s e v e r i t y  code does not  

address u l t i m a t e  outcome. I t  can be seen t h a t  unconsciousness i s  no t  a  

f requent  event (an est imate o f  j u s t  over 117,000 cases i n  the U.S. 

annua l l y ) ,  b i t  i t  occurs four  or  f i v e  times as o f t e n  as do i n j u r i e s  o f  

c e r t a i n  f a t a l i t y  t o  passenger car occupants. 

Table 2 shows the r e l a t i o n s h i p  between consciousness and b e l t  usage 

as determined from the N A S S  data.  Note t h a t  both unconsciousness and 

non t rea tab le  f a t a l  i n j u r i e s  a re  o f  on ly  h a l f  the incidence among 

r e s t r a i  ned occupants as among the  un res t r a i  ned. The i ncreased 

unconsc i ousness among the un res t r a  i ned i s  no t  exp la ined by e jec ted  

occupants. When e jectees a re  removed from the computat i ons f o r  



conscious and unconscious occupants, the only change in percentages is 

that the proportion who are unconscious among the unrestrained is 

lowered from 1.28% to 1.19%--hardly a consequential change. 

Table 2 

Level of Consciousness by 
Restraint Use (NASS) 

Restraint Characteristic (weighted) 

State I Used I Not Used 

Thus preserving the capability to effect a self-rescue from a 

burning or submerged car by remaining conscious is best assured by using 

the restraints. 

Conscious . . 
Unconsc i ous . 
Certain Fatal 

Total . . . . 

N 

1,180,522 

6,255 

3 16 

1,187,094 





5.0 EJECTION 

Occupant e j e c t i o n  i s  d i r e c t l y  assoc ia ted  w i t h  f a t a l  i n j u r y .  Among 

the  26,425 passenger car  occupants who were f a t a l  1 y i n j u r e d  i n  1981, 

5,834 (22%) were e i t h e r  p a r t i a l l y  o r  complete ly  e j ec ted  from t h e i r  cars .  

There has long been a b e l i e f  t h a t  passenger car  occupants a re  b e t t e r  o f f  

be ing  e jec ted ,  thus escaping t he  dangers o f  such t h i n g s  as f i r e  o r  

drowning i n  entrapment. 

i n  f a c t ,  e j e c t i o n  i s  ve ry  dangerous. Three acc iden t  da ta  f i l e s  a t  

UMTRl which g i v e  e j e c t i o n  i n fo rma t i on  have been used t o  compare f a t a l i t y  

r a t e s  f o r  e j e c t e d  and non-ejected occupants o f  passenger cars .  These 

a re  1979 da ta  from Pennsylvania,  the NCSS data,  and 1981 da ta  from the 

s t a t e  o f  Washington. F i gu re  1 g ives  the  r a t i o  o f  t he  f a t a l i t y  r a t e  f o r  

e j ec ted  occupants t o  t he  r a t e  f o r  non-ejected occupants. 

We would no t  expect the  r e s u l t s  t o  be i d e n t i c a l  i n  the  t h r e e  da ta  

sets,  s i nce  they represen t  d i f f e r e n t  r e p o r t i n g  th resho lds  and thus 

s e v e r i t y  l eve l s .  Nevertheless, the  r e s u l t s  a r e  s i m i l a r .  I n  t he  

Pennsylvania and NCSS crashes, e j ec ted  occupants a re  40 t imes as 1 i k e l y  

t o  be k i l l e d  as a r e  non-ejected occupants, and 52 t imes as l i k e l y  i n  the  

NCSS data.  Nor can we take comfor t  i n  the  b e l i e f  t h a t  we a re  comparing 

r a r e  causes o f  death and thus examining a t r i v i a l  problem. F igure  2 

g ives  t he  p r o p o r t i o n  o f  a l l  f a t a l i t i e s  t h a t  a re  represented by e j ec ted  

occupants f o r  t he  same th ree  da ta  se ts  and a l s o  f o r  the  1981 F A R S  data--  

a census o f  a l l  f a t a l s .  N a t i o n a l l y ,  22 percen t  o f  t he  f a t a l l y  i n j u r e d  

passenger car occupants were e jec ted ,  and s i m i l a r  o r  h igher  p ropo r t i ons  

are obta ined f o r  each o f  the  o ther  t h ree  da ta  se ts .  

The NASS and NCSS da ta  pe rm i t  a .  r a t h e r  d e t a i l e d  look a t  the  

consequences o f  e j e c t i o n .  One method of  examining e j e c t i o n  i s  t o  s e l e c t  

veh i c l es  which had two and on l y  two occupants, one o f  whom was e jec ted  

and one of  whom was not .  The consequences t o  the  occupants can then be 

compared. The v i r t u e  of us ing  t h i s  technique i s  t h a t  each such p a i r  o f  

occupants i s  sub jec t  t o  the same crash s e v e r i t y  and v e h i c l e  

c h a r a c t e r i s t i c s .  That i s ,  the p a i r s  a re  matched on these parameters. 
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Figure 1 . Ratio of Fatal i ty Rates for Ejectees to Those 
for Non-Ejectees (from three data sets). 

The influence of possible differences in crash severity on the analysis 

is minimized by such a matched pair technique. In a combination of the 

NCSS data, and the 1981 year of NASS data, there is a total of 98 cases 

of two occupants in a passenger car from which one was ejected while the 

other was not. A l l  of these occupants were either drivers or right- 

front passengers, and ejections were approximately equally distributed 

between these seated positions. Injuries to these persons were reported 

on a "treatment" scale including (1) Fatally injured, (2) Hospitalized 

at least overnight, (3) Transported (to hospi tall and released the same 

day, (4) Other treatment, and (5) No treatment required (i.e+, 

essentially uninjured). 
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F igu re  2 .  Propo r t i on  o f  F a t a l i t i e s  That Are E j e c t i o n s  

For t he  196 occupants i n  t h i s  matched p a i r  comparison (98 e j ec tees  

. and 98 non-e jectees) ,  the  i n j u r y  d i s t r i b u t i o n s  may be compared. O f  most 

i n t e r e s t  i s  t h e  f a c t  t h a t  t h e r e  were 9 f a t a l i t i e s  among those n o t  

e j ec ted ,  w h i l e  t h e r e  were 21 f a t a l i t i e s  among the  e jec tees .  There a r e  

c e r t a i n l y  numerous f a t a l  i t i e s  among non-e jected ca r  occupants ( i .e., 

among t he  78% who a r e  no t  e j ec ted  a t  a1 1 )  , b u t  i n  cases i n  which one o f  

two occupants was e j ec ted ,  i t  seems ve ry  u n l i k e l y  t h a t  the  o the r  

occupant w i l l  r ece i ve  a  f a t a l  i n j u r y .  

F i gu re  3 shows the  d i s t r i b u t i o n  o f  t reatment  l e v e l  f o r  each s e t  o f  

t he  matched p a i r s .  Whi le the  g r e a t e s t  d i f f e r e n c e  i s  obv ious l y  i n  t he  

f a t a l s ,  h o s p i t a l i z a t i o n  a t  l e a s t  ove rn i gh t  was a l s o  more common among 



the  e jec ted  occupants. Only "other" treatments, which inc lude t rea ted  

and released from a hosp i ta l ,  seeking own treatment, no treatment 

needed, etc., a re  more l i k e l y  among the non-ejected occupants. 

a Non-Ejectees E j ec tees 

Figure 3 .  Treatment D i s t r i b u t i o n  fo r  Matched P a i r  
E jectees and Non-Ejectees 

Deta i led  reading o f  these case repor ts  reveals tha t  many "e jec t ion"  

accidents do not  involve massive crushing o f  the veh ic le  or  sudden 

stopping (as i n t o  a b a r r i e r ) .  Rather these accidents are l i k e l y  t o  

invo lve  r o l l o v e r  or other v i o l e n t  r o t a t i o n a l  motion, w i t h  the occupant 

u l t i m a t e l y  being e jected through a door or  window p o r t a l .  There seems 

t o  be l i t t l e  quest ion tha t  one i s  be t te r  o f f  remaining i n  the v e h i c l e  i n  

such crashes. 

Both analyses presented above ind ica te  t h a t  although occupants may 

occas iona l ly  be "thrown c lea r , "  e j e c t i o n  i s  a very dangerous phenomenon 

and a frequent cause of death. 



6.0 EJECTION VS. RESTRAINT USAGE 

I n  the  NCSS data,  the re  i s  in fo rmat ion  presented on sea t -be l t  usage 

by each occupant o f  a  passenger car o r  l i g h t  t ruck .  Assessment o f  b e l t  

usage was made by a  combinat ion o f  p o l i c e  repor ts ,  i n te rv iews  w i t h  the 

sub jects ,  and a  fo l l owup i n v e s t i g a t i o n  o f  i n j u r i e s  and v e h i c l e  damage. 

Whi le each o f  these items was presented i n  t he  da ta  f i l e ,  t he  most 

re1  i a b l e  seems t o  be the  i n v e s t i g a t o r ' s  judgment (based on a1 1 o f  the  

i n f o rma t i on  ava i l ab l e )  . 
Using t h i s  measure o f  be l t -wear ing ,  i t  was determined t h a t  on l y  two 

persons (of some 16,000 ac tua l  persons i n  acc idents)  were e jec ted  w i t h  

seat  b e l t s  worn. One o f  these was the  d r i v e r  o f  a  15-year-old car i n  

which the  seat b e l t  b o l t s  p u l l e d  through the r u s t y  f l oo rboards ,  and the  

other  was us ing  a  pass ive (shoulder be1 t only)  system and was e jec ted  

through the  rea r  door/window o f  a  car s t ruck  i n  t he  r ea r .  With those 

except ions,  the evidence from NCSS i s  t h a t  

(1)  People who wear seat  b e l t s  do no t  get  e jec ted ,  and 
(2) People who a re  no t  e j ec ted  ( i n  acc idents  i n  which another 

person i s  e jected)  a re  u n l i k e l y  t o  s u s t a i n  f a t a l  i n j u r i e s .  





7.0 CONCLUSIONS 

Several conc lus ions can be drawn from the  analyses t h a t  have been 

presented here. These a re  l i s t e d  below. 

(1) Death from e i t h e r  f i r e  o r  immersions i s  r a re .  F i r e s  account 

f o r  l ess  than 3.6 percent  o f  the f a t a l i t i e s  o f  passenger car 

occupants, w h i l e  immersions account for  o n l y  1.5 percent .  

(2) When e i t h e r  immersion o r  f i r e  occurs,  the  l i k e l i h o o d  o f  l o s i n g  

consciousness, and thus the c a p a b i l i t y  o f  se l f - rescue,  i s  

approximately doubled when r e s t r a i n t s  a re  no t  used. 

(3) The v i r t u e  o f  be ing thrown c l e a r  i s  a myth. The 1 i k e l  ihood o f  

death 

i s  i f  

common 

s more than 40 t imes as g rea t  i f  one i s  e jec ted  than i t  

one remains i n  the  ca r .  Furthermore, e j e c t i o n  i s  a 

cause o f  death, account ing f o r  22 percent o f  the 

f a t a l i t i e s  o f  passenger car  occupants i n  the U. S, i n  1981, 

(4) I n  a comparison o f  e jec ted  and unejected occupants o f  the  same 

car ,  more than o n e - f i f t h  o f  the  e j ec ted  persons were k i l l e d  

w h i l e  none o f  the persons remaining i n  cars was f a t a l l y  

i n j u red .  

(5) E j e c t i o n  i s  nea r l y  e l im ina ted  by us ing  the r e s t r a i n t s  t h a t  a re  

c u r r e n t l y  i n s t a l l e d  i n  automobi les.  




