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Lbstract 

F o l l o w i n g  t h e  i m p l e m e n t a t i o n  of c o m p u l s o r y  s ea t  b e l t  w e a r i n g  
l e g i s l a t i o n  i n  V i c t o r i a  i n  December 1970. t h e  Royal A u s t r n l a s i a n  Colleae 
of Surasons e s t a b l i s h e d  a s u r v e y  t o  c o l l e c t  d e t a i l e d  i n j u r y  and c r a s h  
d a t a  from c?r a c c i d e n t s  i n  t h a t  S t a t e .  An a n a l y s i s  o f  t h e  e f f e c t  of s e a l  
b e l t  w e a r i n q  o n  s e v e r e  i n j u r i e s  s u s t a i n e d  by c a r  o c c u p a n t s  d u r i n o  t h e  
f i r s t  two yesrs  of t h e  s u r v e y  was r e p o r t ? d  by Cameron and N e l s o n  (1977) .  
minor  i n i i i r i e s  were i q n o r e d  i n  t h a t  a n a l y s i s .  f u r t h e r  work e x t e n d e d  t h e  
f i l a  t o  r o v e r  8 5 3 7  o c c u p a n t s  i n j u r e d  d u r i n g  t h e  f i r s t  t h r e e  y e a r s  of t h e  
s u r v e y  and t h e  i n j u r i e s  ( i n c l u d i n g  minor i n j u r i e s )  were c o d e d  on t h e  
A b b r e u i i t e d  I n j u r y  S c a l e .  T h i s  r e n o r t  e x a m i n e s  t h e  e f f e c t  of S s a t  b e l t  
w e a r i n q  on b o t h  minor  and s e v e r e  i n j u r i R s .  Some c o m p a r i s o n s  of  i n j u r y  
s e v e r i t y  d i s t r i b u t i o n s  i n  t h e  U i c t o r i a n  d a t a  and i n  d a t a  c o l l e c t e d  by 
North Ammricsn NDAI  teams are a l s o  made. 

T h e  r - p o r t  c o n c l u d e s  t h a t  t h e  w e a r i n g  of s t a t i c  t h r e e - p o i n t  l a p /  
l a s h  b e l t s  by f r o n t  o u t b o a r d  s e a t  o c c u o a n t s  o f  cars and c a r  d e r i v a t i v e s  
is a s s o c i a t e d  w i t h r  

( a )  r e d u c e d  l i k e l i h o o d  o f  s e v e r e - t o - f a t a l  i n j u r y  t o  t h e  h e a d - f a c e ,  
t h o r a x ,  l o w e r  t o r s o  and l o w e r  e x t r e m i t i e s  when i n j u r e d  and n o t  
e i m c t e d  i n  c r a s h e s  i n  b u i l t - u p  a r e a s  and ,  f o r  some body r e c i o n 3 .  
i n  open r o a d  c r a s h e s ,  

( c o n t i n u e d )  

This report i s  disseminated in the interest of informat ion exchange. 

The views expressed are those of the author(s) and do n o t  necessarily 
r e p r e s e n t  t h o s e  of the Commonwealth Government. 
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A b s t r a c t  ( c o n t i n u e d )  

( b )  i n c r e a s e d  l i k e l i h o o d  of minor i n j u r y  t o  t h e  t h o r a x  and l o w e r  
torso when i n j u r e d  and n o t  e j a c t e d  i n  c r a s h e s  i n  a l l  l o c a t i o n 9  
a n d  of minor i n j u r y  t o  t h e  neck ( i e ,  w h i p l a s h )  when i n j u r p d  a n d  
n o t  e J e c t e d  i n  c r s s h a s  i n  b u i l t - u p  a r e a s .  

There are  s u n q a a t i o n s  t h a t  t h e  i n c r e a s e d  l i k e l i h o o d s  of t h e  minor 
i n j u r i e s  are n o t  a r t e f a c t s  of t h e  i n j u r y  c r i t e r i o n  f o r  i n c l u s i o n ,  nor 
of  t h e  r e d u c e d  l i k e l i h o o d  of s a v e r e  i n j u r y  t o  t h e  trunk when s e a t  b e l t s  
a r e  worn, b u t  a r e  due t o  t h e  w e a r i n g  of t h e  s e n t  b e l t .  

p r e v o n t n d  a d e f i n i t i v e  e v a l u a t i o n  of the  e f fect  of s e a t  b p l t  w e a r i n o  
a l o n a  on t h R  i n j u r i e s  of c a r  o c c u p a n t  c a s u a l t i e s .  

Reference N.H.  Cameron and P . C .  Nelson. 8 ' In jury  p a t t e r n s  w i t h  e n d  

The a b s e n c e  of c r a s h  s e v e r i t y  i n f o r m a t i o n  i n  t h e  s u r v e y  d a t a  

w i t h o u t  s e a t  b e l t s " ,  P r o c a e d i n q s ,  S i x t h  I n t e r n a t i o n a l  
C o n f e r e n c e  of t h e  I n t e r n a t i o n a l  A s s o c i a t i o n  for  A c c i d e n t  
and T r a f f i c  m e d i c i n e ,  N e l b o u r n e ,  1977. 
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s e a t  b e l t  wearing on both minor and severe i n j u r i e s  measured on 
t h e  Abbreviated In jury  Scale (AIS). The addi t ion  o f  a f u r t h e r  
yea r ' s  data has extended the  f i l e  t o  cover 8537 in jured  occupants 
of cars  and c a r  der iva t ives .  Each in ju ry ,  including sof t /surface 
t i s s u e  i n j u r i e s ,  has been assigned an AIS score (Table I )  and 
groilpzd i n t o  s i x  body regions defined by Huelke e t  a1 (1977). 
The h ighes t  AIS score was ca lcu la ted  f o r  each region, and the  
maximum AIS score (MAIS) over a l l  regions found f o r  each in jured  
occupant. 
i n  g r e a t e r  d e t a i l  l a t e r .  

The AIS scoring and the  body regions used a r e  described 

INTROWCTION 

I 

e 

To assess  the  e f f e c t  o f  seat b e l t  wearing on the  i n j u r y  
pa t te rn  of in jured  ca r  occupants, Cameron and Nelson (1977) 
analysed a matched f i l e  o f  6526 trauma and crash repor t s  ,zollected 
dx-ing the first t w ~  years  of the  Royal Australasian College of 
Surgeons' Pa t t e rn  of In jury  Survey. From June 1971, the  survey 
co l lec ted  d e t a i l s  of i n j u r i e s  of Victor ian road users  t r ea t ed  a t  
hosp i t a l  o r  k i l l e d .  These details ,  recorded on a Road Trauma 
Report (RTR) form, were matched w i t h  information on the  crash 
circumstances of c a r  occupants provided by ambulance o f f i ce r s .  
Unfortunately,  the  ambulance o f f i c e r  r e tu rn  was incomplete and 
biased toward rural crashes (Nelson 1974). 

e 

i )  

Cameron and Nelson found that the  number o f  i n j u r i e s  recorded 
on the  RTR form w a s  too  g rea t  f o r  ind iv idua l  study. 
concentrated on a p a r t i c u l a r  subset of the  in j - i r i e s  recorded, 
chosen as being those i n j u r i e s  commonly occurring among f a t a l l y -  
inj-Jred vehic le  occupants. This se lec t ion  method had t h e  
disadvantags of missing uncommon severe i n j u r i e s .  A m x e  objec t ive  
method of se lec t ing  severe i n j z r i e s ,  say based on the  Abbreviated 
In jury  Scale  ( Jo in t  Comi t t ee  on In jury  Scal ing,  19761, was no t  
ava i lab le  i n  the  matched f i l e  a t  the  time. Nor was it possible  
t o  s e l e c t  minor i n j u r i e s  i n  the absence of an m3bjective in ju ry  
sca le .  This meant that  the  e f f e c t  of s e a t  b e l t  wearinp on minor 
i n j u r i e s  could not  be f u l l y  considered. 

They 
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TABLE I : Abbreviated Injury Scale 

AIS 
CODE - 
0 No in jury  

1 Minw 

2 Moderate 

3 Severe (not l i fe - threa ten ing)  

4 Serious 

5 C r i t i c a l  (survival  uncertain)  

6 Maximum (cur ren t ly  untreatable)  

( l i fe - threa ten ing ,  survival  prabable) 
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DATA - 
INTRODUCTION 

The data co l lec ted  during the first two years  of the Royal 
Australasian College of Surgeons' (RACS) Pa t te rn  of Injury 
Survey have been described elsewhere (Nelson 1974; Cameron and 
Nelson 1977). 
way and incorporated i n  t h e  matched f i l e  analysed here  
(Cameron 1977). 
scores  t o  i n j u r i e s  recorded on t h e  RTR form, t h e  grouping of 
i n j u r i e s  i n t o  body regions,  considerat ions of t h e  completeness 
of  recording of minor i n j u r i e s ,  and t h e  descr ip t ion  of crash 
locat ion.  

A t h i r d  y e a r ' s  da ta  were co l lec ted  i n  t h e  same 

It remains t o  descr ibe the  assignment of A I S  

ASSIGNMENT OF AIS SCORES 

The AIS score assigned t o  each in ju ry  on the  RTR form i s  
shown i n  Appendix A. 
Appendix F)  who i n  turn based h i s  assignment on the  o r i g i n a l  
nine-point AIS system (Sta tes  1969). Nelson d i d  not  make use 
of scores  6 t o  9 of t h e  o r ig ina l  A I S  scale, which r e l a t e  t o  
var ious degrees of fa ta l  consequences of the  injury.  
vers ion of A I S  ( Jo in t  Committee on In jury  Scal ing,  1976) used 
a six-point scale where a score of 6 was  reserved f o r  cur ren t ly  
unt rea tab le  (necessar i ly  f a t a l )  i n j u r i e s  (Table I). Only one 
in jury  on the RTR form w a s  considered t o  be an A I S = ~  in jury ,  
namely t h e  j o i n t  occurrence of primary severe bra in  damage and 
secondary intracranial compression. Further d e t a i l s  a r e  given 
i n  Cameron (1 977). 

These scores  were based on Nelson (1974, 

The 1976 

BODY REGIONS 

I n j u r i e s  recorded on the  RTR form were grouped i n t o  six 
body regions based on those used by Huelke e t  a1 (1977), shown 
i n  Table 11. 
as "headt1 only. A l l  s o f t  t i s s u e  i n j u r i e s  recorded i n  the  Head 
and Neck sec t ion  of t h e  RTR form were assigned t o  the head-face 
region,  i n  order t o  leave whiplash i n j u r i e s  ( a l so  AIS=I) 
uncontaminated i n  t h e  neck region. 

Huelke e t  a1  re fer red  t o  t h e  lthead-facelt region - 
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TABLE Ix:  Structures  of the  Body Regions ( a f t e r  Huelke 1977) 

Head-Fac e : 

Neck: 

Lower Torso:  

Upper 
Fxtremiti  e s  : 

Lower 
Eitremi ti e s  : 

Includes brain,  calvarium and ora l - fac ia l  s t ruc tures .  

Includes the  cerv ica l  spine and musculature, anter ior  
t h roa t  s t ruc tures  and cerv ica l  blood vesse ls  and 
nerves. 

Includes a l l  of  t h e  s t ruc tures  of the  i n t e r n a l  
thoracic  a rea  from the  base of  t h e  neck t o  the  
resp i ra tory  diaphragm, t h e  r i b s ,  ver tebrae,  
sternum and overlying musculature and skin. 

Includes t h e  abdominal wail musculature, t h e  lumbar 
spine and associated masculature, t h e  abdominal 
organs, t h e  resp i ra tory  diaphragn, t h e  bony pe lv i s ,  
the pe lv ic  organs as w e l l  a s  the .skin over t h e  
i l i a c  a reas ,  the  buttocks and s ide  port ions of t h e  
pe lv is  overlying t h e  h ip  a r t i cu la t ion .  

Includes the  shoulder g i r d l e  and j o i n t s ,  and a l l  
s t ruc tures  of the  ann, elbow, forearm, wr i s t ,  
hands and f ingers .  

Includes a l l  s t ruc tures  of the thigh,  knee, l e g ,  
ankle,  f o o t  and toes .  
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a 

# 

l r i  e a c h  bvdy region t h e  AIS score corresponding t o  t he  most 
severe in ju ry  was found. 
regions w a s  a l so  calculated f o r  each in jured  occupant. MAIS 
i s  not  t h e  same as the  more commonly used overa l l  A I S  ( O A I S )  
which i s  a c l i n i c a l  judgement of t h e  A I S  of a s ingle  in ju ry  
which by i tself  would be equivalent i n  terms of overa l l  sever i ty  
t o  t h e  cumulative effect of mult iple  injuries (Jo in t  Committee on 
In jury  Scal ing,  1976). 
RECORDING OF MINOR I N J U R I E S  

The maximum AIS score (MAIS) over a l l  

Nelson (1974) compared a sample of RTR forms with corresponding 
hosp i t a l  h i s t o r i e s  and found a subs t an t i a l  omission of i n j u r i e s ,  
possibly mainly minor in ju r i e s .  To e s t ab l i sh  whether minor 
i n j u r i e s  were ser ious ly  under-recorded i n  comparison with 
s imi la r  crash injury data  f i l e s ,  a comparison of RACS da ta  
with data co l lec ted  by North American in-depth accident  
inves t iga t ion  teams w a s  made (Appendix E) .  

Except f o r  t h e  head-face region, t he re  w a s  some evidence 
o f  under-recording o f  minor i n j u r i e s  (AIS=I) i n  t h e  RACS data. 
However, it w a s  concluded that  s u f f i c i e n t  minor i n j u r i e s  were 
recorded i n  t h e  RACS da ta  t o  make worthwhile an evaluat ion of 
t h e  e f f e c t  of s e a t  b e l t  wearing on these  in ju r i e s .  

CRASH LOCATION 

Cameron and Nelson (1977) attempted t o  cont ro l  f o r  crash 
sever i ty  d i f fe rences  by t h e  use  of crash loca t ion  (metropolitan 
Melbourne versus  non-metropolitan). To some extent  t h i s  choice 
of t h e  crash loca t ion  was h i s t o r i c a l  (Nelson 1974) and a l s o  because 
t h e  var iab le  described crash loca t ion  w i t h  very l i t t l e  missing 
da ta  (Table 111). Another descr ip tor  of crash loca t ion  was a l so  
provided by ambulance o f f i c e r s ,  namely open road versus  built-up 
area. Although t h i s  var iab le  has a higher l e v e l  of  missing da ta  
i n  t h e  matched f i l e ,  it w a s  considered t o  represent  a b e t t e r  
ind ica tor  of vehic le  speed and hence crash sever i ty .  Accordingly, 
it w a s  chosen as the  cont ro l  f o r  crash sever i ty  i n  t h e  ana lys i s  
reported here. 



I. 

D 

Occupant casua l t ies  i n  crashes i n  built-up a reas  were spreac 
over both metropolitan and non-metropolitan a reas  (Table 111). 
The s t rong assoc ia t ion  between the  two crash loca t ion  var iab les  
may explain some of  t h e  apparent contradict ions between the 
de ta i led  r e s u l t s  presented here  and those given by Cameron and 
Nelson (1977) when cont ro l l ing  f o r  crash loca t ion .  
important of these  apparent contradict ions r e l a t e s  t o  t h e  
assoc ia t ion  between neck in jury  and s e a t  b e l t  wearing. 
discussed fu r the r  w i t h  t h e  re levant  r e s d l t s  froffi t h i s  study. 

The most 

This i s  

t 



TABLE 111 : Number of occupant casua l t i e s  i n  the 
RACS matched f i l e ,  described by two 
descr ip tors  o f  crash loca t ion  

Q 

Metropolitan 
Melbourne 

* 

a 

Non-metropolitan 
( r e s t  o f  Victor ia )  

unknown 

TOTAL 

TOTAL. Open Built-up 
Road Area 

152 1 3483 1 108 1 3743 

2783 1 1956 I 38 I 4774 

2935 5449 153 8537 

8 
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ANALYSIS 

ANALYSIS OF R4CS FILE 

F o r  comparison o f  the  r e s u l t s  with Cameron and Nelson (19771, 

Since the  period i n  
the  ana lys i s  w a s  r e s t r i c t e d  t o  non-ejected f r o n t  outboard s e a t  
occupant casua l t i e s  i n  the  R4CS matched f i l e .  
which the crashes occurred (June 1971 t o  May 1974) w a s  before the  
e f fec t ive  date of  Australian Design Rule 4B requi r ing  i n e r t i a  r e e l  
seat belts t o  be f i t t e d  t o  the f r o n t  outboard s e a t s  of new vehicles ,  
the res t ra ined  occupant casua l t i e s  considered were almost exclusively 
wearing s t a t i c  three-point lap/sash b e l t s .  

The ana lys i s  w a s  f u r t h e r  r e s t r i c t e d  t o  occupant casua l t i e s  
c,f known age 16 years o r  older  s o  that  the r e s u l t s  collld be 
compared with those of Huelke e t  a1 (1977). 
represent  about 93 per  cent  of the non-ejected f ron t  outboard s e a t  
occupant casua l t i e s  i n  the  matched f i l e  (Cameron and Nelson 1977). 

Such occupants 

c 

0 

When conparing in jured  seat b e l t  wearers and non-wearars, 
Cameron and Nelson found important d i f fe rences  o f  sea t ing  p%sltion, 
crash loca t ion  (metropolitan Melbourne versus nm-metropalitan) , 
impact d i r ec t ion ,  vehicle  s i z e ,  e jec t ion  from vehicle,  and occupsnt 
age and sex. Since each of these  var iab les  was p o t e n t i a l l y  re la ted  
t o  crash seve r i ty  ( a s  experienced by t h e  occupant) or  in jury  
s u s c e p t i b i l i t y ,  they attempted t o  cont ro l  f o r  these d i f fe rences  
by i n i t i a l l y  r e s t r i c t i n g  the  ana lys i s  t o  non-ejected f ron t  outboard 
occupants and then sub-setting the  data by each of t h e  remaining 
var iab les  i n  turn. In general ,  t h e  cont ro l led  analyses confirmed 
t h e  d i f fe rences  i n  injury pa t t e rns  found f o r  a l l  wearers compared 
w i t h  a l l  non-wearers, as far as the  severe i n j u r i e s  were concerned. 
The abssnce of crash sever i ty  information i n  the  Survey da ta  
prevented a de f in i t i ve  evaluat ion of the  e f f e c t  of s e a t  b e l t  
wearing on severe i n j u r i e s  of occupant casua l t i e s ,  but  the  
cons is ten t  resul ts  fram cont ro l led  analyses caused the  aut'nors t o  
suggest that the  observed in jury  d i f fe rences  were substaritially 
due t o  seat b e l t  wearing alone. 

I .  

The cons is ten t  r e s u l t s  a l s o  suggest t h a t  cont ro l led  analyses 
nay not  be necessary during any subsequent comparison of the 
i n j u r i e s  of s e a t  b e l t  w9aring and non-wearing occupant casua l t i e s  
i n  the  same da ta  f i l e .  This was taken as being the  case during t h i s  
study o f  t h e  e f f e c t  of s e a t  b e l t  wearing on minor and severe 
i n j u r i e s ,  except that  crash loca t ion  (open road versus  bui l t -up  

~ 
~ ~~ 

~~ _. 
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a r e a )  was retained a s  a controll ing varieble both because of  i t s  
L ike ly  a s s o c i a t i o n  with crash severie] and t h e  known ru ra l  S ia s  
o f  the data f i l e  (Nelson 197L). 

RESULTS FROM NORTH AMERICAN STUDIES 

Huelke - e t  al (197'7) analysed the in ju r i e s  of 5103 occupants 
i n  f ron ta l  co l l i s ions  and 994 occupants i n  roll-overs investigated 
by North American in-depth accident investigation teams ( see  
Appendix B ) .  They separately considered the  765 non-ejected 
occupants i n  roll-overs. 
l a p  only b e l t s ,  but 215 of the  occupants i n  f ron ta l  co l l i s ions  
and 57 of  the non-ejected occupants i n  roll-overs wore lap/ 
shoulder be l t s .  
pa t  ';ern of unrestrained and lap/shoulder bel ted occupants were 
sil..ilable f o r  conparison with t h e  results based on the RACS 
ma+ii:-.d f i l e .  
c r a s -  I ':-*s, about 4296 of which involved frontal  impacts o r  t he  
vehici; D -?r%urning. 

Most of the restrained occupants wore 

Thus measures of the difierence i n  ia jury  

However the RACS results include occupants i n  a l l  
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Tne following sec t ions  describe d i f fe rences  i n  AIS 
d i s t r ibu t ions  when unrestrained f r o n t  outboard s e a t  occupant 
casua l t i e s  aged 16 years  o r  older  a r e  compared w i t h  res t ra ined  
occupant casua l t i e s  of t h e  same s e a t s  and age-group. RACS r e s u l t s  
f o r  non-ejected occupants i n  crashes on the  open road and i n  
built-up a reas  separa te ly  a r e  a l so  comparad w i t h  Huelke's results 
for occupants i n  f r o n t a l  crashes and non-ejected occupants i n  
ro l lovers .  
considered, using Maximum A I S  (MAIS) f o r  t h e  RACS r e s u l t s  and 
Overall  A I S  (OAIS)  f o r  Huelke's r e s u l t s ,  and then t h e  ind iv idua l  
body regions.  

AIS d i s t r ibu t ions  f o r  t h e  whole body a r e  f irst  

WHOLE BODY 

There was a s t a t i s t i c a l l y  s ign i f i can t  (p< 0.001) d i f fe rence  
i n  the  frequency d i s t r ibu t ions  of  MAIS when unrestrained occupants 
i n  the  UCS f i l e  who were involved i n  crashes i n  built-up a reas  
were conpared w i t h  r e s t r a ined  occupants i n  l i k e  crashes (Table C l  
i n  Appendix C ) .  
s i s t a ined  i n j u r i e s  w i t h  maximum AIS grea ter  than one and were more 
l i k e l y  t o  have no in ju ry  (MAIS=O) .  There was no s i g n i f i c a n t  
d i f fe rence  in  the d i s t r i b u t i o n  of MAIS between be l t ed  and lmbelted 
occupants involved i n  open road crashes (Appendix Table C l )  . 

Restrained occupants were less l i k e l y  t o  have 

About 11 p2r cent  of t h e  occupants included i n  Table Cf had 
8 a m a x i m u m  AIS of zero. 

were uninjured,  only that they failed t o  score a t i c k  i n  one of 
the A I S  boxes on the RTR form shown in  Appendix A .  
sustained mwe minor i n j u r i e s  recorded i n  t h e  Ceneral sec t ion  of 
t h e  RTR. I n  cont ras t ,  Huelke's data r e l a t e  t o  severe in ju ry  
accidents  bu t  may include uninjured occupants involved i n  crashes 
r e su l t i ng  i n  injury.  

T h i s  does not  necessar i ly  imply that  they 

They may have 

I 

Table I V  summarizes the  d i f fe rences  i n  MAIS d i s t r i b u t i o n  of 
unrzstrained compared w i t h  res t ra ined  occupants i n  t e r n s  o f  a 
measure of ' be l t  e f fec t iveness ' ,  defined i n  t h e  footnote  t o  t h e  
t ab le .  B e l t  e f fec t lveness  i s  t h e  percentage change in  the 
frequency o f  each A I S  l e v e l  ( o r  group of l e v e l s )  when s e a t  b e l t  
wearers a?e compared w i t h  non-wearers. A negat ive sign implies 
t h a t  s e a t  b e l t  wearing was assoc ia ted  w i t h  a reduction i n  the 
proportion of occupant casua l t i e s  sus ta in ing  i n j u r i e s  of the given 
l e v e l  o f  severitv.  
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McS (non-e jectees)  : 

Open Road Built-up Area 
Crashes Crashes 

M a x i m u m  A I S  

1 

I A I S  - 
0 +26.8 +36.9 

1 j +10.2 + 8.5 

2 i -23.7 -16.1 

3+ - 7.7 -32.4 

97 2 1973 Po. not 
be l ted  

1 7 3 .  be l ted 

b e l t )  
(lap(sash 91 9 1831 

Huelke (CPIR data): 
Overall A I S  

Frontal Roilovers 
Crashes (non-ejectees 

+48.4 +20.6 

+ 6.2 +43.9 

- 3.1 -38.2 

-55.0 -70.4 

3950 566 - 
21 5 57 

E 
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The b e l t  e f fec t iveness  measures were not  t e s t ed  separa te ly  f o r  
s t a t i s t i c a l  s ign i f icance ;  overa l l  t e s t s  were made by t h e  
Chi-square values i n  Table C1 .  A l so  shown i n  Table I V  i s  the  
b e l t  effect iveness  o f  lap/shoulder b e l t s  i n  the r e s u l t s  given 
by Huelke - e t  a 1  (1977); however here  in jury  sever i ty  i s  measured 
by OAIS  described e a r l i e r .  

3 

8 

BODY REGIONS 

Appendix Tables C 2  t o  C 7  compare t h e  AIS frequency 
d i s t r ibu t ions  of unrestrained and restrained occupants i n  t h e  
RACS f i l e  f o r  each of the six body regions i n  turn. I n  t h e  
following cases the re  were s t a t i s t i c a l l y  s ign i f i can t  d i f fe rences  

s ign i f icance  l e v e l  p=O. 1 ) : 

head-face in ju ry  i n  open road crashes and i n  
built-up area crashes (p<O.OOl i n  both cases) ,  

neck in jury  i n  built-up a rea  crashes ( p ~ O . l ) ,  

thorax in jury  i n  open road crashes (p(  0.1) and 
i n  built-up a rea  crashes (pLO.OI), 

lower torso  in ju ry  i n  built-up area crashes (pCO.OOl), 
and 

lower extremity in jury  i n  built-up a rea  crashes 
(p<O.OI) 

The de ta i l ed  r e s u l t s  a r e  summarized i n  terms of b e l t  
e f fec t iveness  (defined e a r l i e r )  i n  Tables V t o  X. In  a l l  o f  t h e  
s ign i f i can t  cases  above, except neck in jury  i n  built-up a rea  
crashes,  res t ra ined  casua l t i e s  were less l i k e l y  t o  have sustained 
severe-to-fatal  in jury  (AIS), 3 )  i n  t h e  p a r t i c u l a r  body region 
compared w i t h  unrestrained occupant casua l t i e s ,  confirming the 
r e s u l t s  of Cameron and Nelson (1977). 
i n  built-up a rea  crashes,  res t ra ined  casua l t i e s  were more l i k e l y  
t o  have sustained minor-to-severe in ju ry  compared w i t h  unrestrained 
occupant casua l t i e s ,  p a r t i a l l y  confirming the  f indings of Cameron 
and Nelson f o r  t h i s  body region. 
frequency of whiplash in jury  (AIS=l)  among be l ted  occupants 
involved i n  crashes i n  both metropolitan Melbourne and the r e s t  of 
Vic tor ia ,  as  wel l  a s  increases  i n  the frequency o f  more severe 
neck i n j u r i e s  i n  non-metropolitan a reas .  The d i spa r i ty  i n  t h e  
r e s u l t s  may be due t o  the  d i f f e r e n t  crash loca t ion  var iab les  used 
i n  the  two s tudies .  

I n  t h e  case of neck in jury  

They found increases  i n  the  

. . ./ 
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Turning now t o  minor . in jur ies  ( A T S = I ) ,  .+,he frequency 
ul'  ILlicii, occurrence ap:)cared unchmlfecl C J r  2 1  iLyhLly reduced in  ihe 

heed-lace and' ex t r en i t i e s  r ez ions ,  ?hen s e a t  b e l t  w e c e r s  were 
compared w i t h  non-wearers. However, the  wearing o f  s e a t  b e l t s  
w a s  associated with substantial increases  i n  the  frequency of :  

( a )  AIS 1 injuries i n  t h e  thorax region, f o r  both 
open road and built-up area crashes,  

(b) AIS 1 injuries i n  the lower t o r s o  region,  f o r  
both open road and built-up a rea  crashes,  and 

( c )  AIS 1 (whiplash) i n j u r i e s  i n  the  neck region, f o r  
built-up area crashes only ( e s  discussed e p r l i e r ) .  
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AIS - 
0 

1 

2 

3+ 

Open Road 
Crashes 

+35.2 

- 6.4 

-39.4 

- 9.5 

'TABLE ?I : Bel t  e f fec t iveness  i n  the  head-race region of f r o n t  
outb3ard sea t  occupant casua l t ies  aged 16 years o r  
older  i n  (a)  RACS matchsd f i l e  (non-ejectees o n l y )  
and (b)  r e s u l t s  given by Huelke e t  a1 (1977) 

No. n3t  
be l ted  

No. be l t ed  
(lap/sash 

b e l t )  

HEAD-FACE Region 

81 2 1970 

91 9 1831 

I RACS (non-ejectees) 

Built-up Area 
Crashes 

+45.5 

-13.2 

-41.5 

-51 .I  

Huelke (CPIR da ta)  

F r m t a l  
Crashes 

+71.3 

-29.5 

-35.4 

-74.7 

3950 

21 5 

Rollovers 
(nm-ejectee 

+I  2.9 

+15.7 

-25.7 

-91.4 

569 

57 

8 
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NECK Reaion 

MCS (non-e jec tees)  Huelke (CPIR data)  

Built-up Area Frontal  Roliovers ! Open Road 
I Crashes Crashes Crashes (con-e j ec t e s s )  -- - 

AIS - 
0 -1 .o -1.4 -1k.9 -5.5 

1 -18.4 +51.6 +113.1 +90.1 

2+ +83.3 +25.5 +27.6 -100.0 

/ 

I 81 2 197C 3950 570 N o .  not  
bel5ed 

Mo. be l ted  

b e l t  
91 9 1831 21 5 57 

... ~ - . -- 
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TABLK V I 1  : T+lt effect'Lv<.n6*r.r, 'LII t he  thorax  r e / r i o n  of fror11 

outboard s e a t  occupant casua l t ies  aged 16 years o r  
o lder  i n  (a )  RACS matched f i l e  (non-ejeotees only) 
and (b) r e s u l t s  given by Huelke e t  a1 (1977) 

Open Road 
Crashes 

Built-up Area 
Crashes 

THORAX Region 

91 9 

AIS - 
0 

1 

2 

1831 

.F- No. not  
I bel ted 

No. be l ted  

b e l t  

-4 .2  

+34.8 

-13.2 

-3 .0 

+23.8 

+28.8 

-35.6 

1970 

. i 

Huelke (CPIR data)  

? ronta l  
:rashes 

-2.5 

+36.8 

-55.3 

-36.3 

3950 

Rol lovers  
(non-ejectees) 

+18.3 

-39.1 

-12.5 

-54.7 

21 5 57 
I 
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AIS - 
0 

1 

2 

3+ 
Yo. no t  
be l ted  

'TABLE V I 1 1  : B e l t  e f fec t iveness  i n  the l o w e r  t o r s o  r eg io r l  ' ~ f  
f r o n t  mtbsard  sea t  occuTant r a s i a i t  i e s  zigsd 
16 yaars o r  older  i n  (a )  RACS matched f i i e  
(non-ejectees only) and (b) r e s u l t s  given by 
Wielke e t  a1 (1977) 

Open Road Built-up Area Frontal  Rollo-rers 
Crashes Crashes Crashes (non-ejectees) 

- 2.3 - 1.7 -10.1 - 1.4 

+49.5 +73.4 +113.5 + 43.0 

-29.3 -13.9 + 16.7 -1 00.0 

- kO.4 - 9.0 -36.4 - 55 .8  ._ .- 

81 2 1970 3950 570 

LOWER TORSO Region 

No. bel ted  

b e l t  
91 9 

1 ucs  (non-ejectees) I Huelke (CPIR data) 

~- - i ;I5 r 57 'la31 
I 
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RACS (non-e jec tees)  
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Huelke (CPIR data)  

-- TABLE I X  : B e l t  e f fec t iveness  i n  the upper ex t rami t ies  9f 
f ront  outbsard s e a t  occupant c a s i a l t i e s  a.eed 
16 years  or older  i n  (a )  RkCS matched f i l e  (non- 
e jec tees  ,mly)  and (b) r e s u l t s  given by Huelke 
e t  a1 (1977) - 

Open Road 
Crashes 

UPPER EXTREMITIES 

Built-up Area F r m t a l  Rollo-Jers 
Crashes Crashes (non-ejectees) 

AIS - 
0 

1 

2 

3+ 

+ 0.1 

- 1.9 

-20.9 

+16.1 

N.3. no t  
be l ted  

+ 1.2 

+ 2.7 

-10.0 

-33.9 

No. be l ted  

b e l t  (lapfsash i 

-11 .5  

+32.1 

+18.6 

-79.2 

+ 0.6 

+14.1 

-36.9 

-53.8 

81 2 
-. 

91 9 

1970 3950 570 

1831 21 5 57 
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-- BLE X : Belt  effect iveness  i n  the lower extremities ?f f m r  

oxtboard seat occupant casualt ies  aged 16 years ~r 
older  i n  (a)  RACS natcheri f i l e  (ion-ejectees only)  
and ( 5 )  resu l t s  giver. by 'icelke ( 1 9 7 )  

RACS (non-ejectees) 

, Open Road Built-up Area 
j Crashes Crashes 
1 

.LIS - 
0 + 2.3 + 6.6 

1 - 5.5 - 7.1 

2 +62.0 - 3.7 
-34.7 

81 2 1970 
6 3+ - 

No. not 
belted 

No. belted 

b e l t  

- 
31 9 1831 

Huelke (CPIR dad 

Frontal Rol lo i  
Crashes p n - t  

+23.4 + 21. 

-13.0 - 15. 

-21.7 -103. - 66, -31.3 - -- 
3950 570 

21 5 57 

LOWER EXTREMITIES 

I tal 
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J X S C U S S I U N  

T:iere i s  evidence t h a t  seat  b e l t  wearicg by frmt outboard 
sen t  occupants was associated with reduced li'rr.elih!Jod -?f ?.;sia:nin;. 
severe-to-fatal i n ju ry  t o  the head-faze, thorax,  lower torso  and 
lower ex t remi t ies  when in jured  and not  e jec ted  i n  crashes i n  
built-up a reas  and, f o r  some body regions,  i n  open road crashes.  
However, c a r  occupants must have been inJured (and t r e a t e d  a t  h q i t a l ,  
a t  l e a s t )  t o  appear i n  t h e  RACS matched f i l e  on which t h i s  evidence 
was based and it must be emphasised t h a t  nothing can be said about 
the  l ike l ihood o f  severe in jury  ab i n i t i o  f o r  c a r  occupants i n  crashes.  

8 

8 

# 

There i s  a l s o  evidence t h a t  s e a t  b e l t  wearing by f r o n t  ouSboard 
s e a t  occupants w a s  assoc ia ted  w i t h  increased l ike l ihood o f  sus ta in ing  
minor in ju ry  t o  t h e  thorax and lower to r so  when in jured  and not 
e jec ted  in c r a s h e s b  a l l  loca t ions  and minor in ju ry  t o  t h e  neck 
( i . e . ,  whiplash) when in jured  and not  e jec ted  i n  crashes i n  buil t-up 
a reas .  It i s  no t  known whether the  increase i n  minor in jury  t o  the  
t r u n k  was an a r t e f a c t  of the reduct ion i n  severe in jury  i n  t h e  same 
body region when s e a t  b e l t s  were worn, s ince s e a t  b e l t  wearers aust 
have been in jured  somewhere t o  u l t imate ly  appear i n  t h e  RACS mztched 
f i l e .  However, i n  con t r a s t ,  the  reduct ions i n  severe i r ? ju ry  t o  t h e  
head-face region and i n  t h e  lower ex t remi t ies  were not  accompanied 
by increases  i n  minor i n j u r i e s  when b e l t s  were worn. These f ind inzs  
suggested t h a t  t h e  increased l ike l ihood of minor in ju ry  t o  t h e  t runk,  
t h e  body region contacted by a lap/sash b e l t ,  among in jured  b e l t  
wearers w a s  i n  f a c t  due t o  t h e  presence o f  t h e  s e a t  b e l t .  

The increase  i n  l ike l ihood of minor in ju ry  t o  t h e  neck may also 
have been an a r t e f a c t  of t h e  need f o r  s e a t  b e l t  wearers t o  have 
been in jured  t o  appear i n  the  RACS matchea f i l e .  
i n ju ry  p e r  se  i s  not  an in ju ry  requi r ing  Immediate treatment a t  
hosp i t a l  and it i s  l i k e l y  t h a t  such i n j u r i e s  vere  accompanied by more 
severe in jury .  This suggests t h a t  the  increased l ike l ihood o f  minor  
in jury  t o  t h e  neck among in jured  b e l t  wearers was i n  f a c t  due t o  
the  wearing of t h e  s e a t  b e l t .  

However, whiplash 

I n  general ,  the  r e s u l t s  of Huelke - e t  a1 (1977) f o r  lap/shoulder 
b e l t  e f fec t iveness  were i n  agreement with the  RACS r e s u l t s  when allowmc 
was made f o r  t h e  r e l a t i v e l y  small number of lap/shoulder be l ted  
occupants in  Huelke's data. Huelke e t  a1 a l s o  found evidence of  
increases  i n  the  l ike l ihood o f  minor in ju ry  t o  t h e  neck and lower 
t o r s o  i n  both f r o n t a l  crashes and rol l -overs ,  and t o  t h e  thorax i n  



f r o n t a l  crashes ( t h e  type of crash i n  which lap/shoulder bel ted 
occxpants would be e-qected t o  heve had s i ,g i f iczn t  ccntacC w i t h  
z?Ae upper t o r s o  p s r t  o f  t k s i r  b e i t s j .  
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I .  The .wearing of s t a t i c  three-point lap/sash b e l t s  by f r s n t  
outboard seat occupants of ca r s  and ca r  der iva t ives  i s  
assoc ia ted  w i t h :  

(a )  reduced l ike l ihood of severe-to-fatal  i n ju ry  t o  t h e  
head-face, thorax, lower t o r s o  and lower ex t remi t ies  
when in jured  and not  e jec ted  i n  crashes i n  built-up 
a reas  and, f o r  some body regions,  i n  open road crashes,  

increased l ike l ihood of  minor in ju ry  t o  the thorax 
and lower torso  when in jured  and not  e jec ted  i n  
crashes i n  a l l  loca t ions  and of minor ln ju ry  t o  
the  neck ( i . e .  whiplash) when in jured  and no t  e jec ted  
i n  crashes i n  built-up areas .  

(b) 

2 .  There are suggestions that  t h e  increased l ike l ihoods  of the  
minor i n j u r i e s  a r e  not  a r t e f a c t s  of the in ju ry  c r i t e r i o n  f o r  
inc lus ion ,  nor o f  t h e  reduced l ike l ihood o f  severe in ju ry  
t o  t h e  trunk when seat b e l t s  a r e  worn, but a r e  due t o  the  
wearing of t h e  s e a t  b e l t .  

The absence of crash seve r i ty  information i n  t h e  RACS data prevented 
a d e f i n i t i v e  evaluat ion of the  e f f e c t  o f  seat b e l t  wearing on the  
injuries of c a r  occupant casua l t ies .  However, t h i s  and an 
e a r l i e r  study (Cameron and Nelson 1977) suggest that  t h e  observed 
d i f fe rences  i n  in ju ry ,  when s e a t  be l t  wearers a r e  compared w i t h  
non-wearers, a r e  subs t an t i a l ly  due t o  s e a t  b e l t  wearing alone. 
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APPENDIX A 

ASS1G"TT OF AIS SCORES 



NAME ................................................................................................. SSX ................................... A. ............................. 
Vehicle Reginration No. 71 Seat Belt Worn O Y a  =No 

D a e  of Accident ................. I ................. I .................... ...................... a.m. ............... p.m. T i m  cf Accidenr 

....... ........................... ....................... Hospital ............................................................................... Clrualn/ No. UR No. 

Tima of Hosoital Examination .................. am ....................... pm.  C A R  OCCUPANT 0 
SOURCE OF INFORMATION 0 1 .  CASUALTY 0 2  WARD 0 3 .  CORONER E CYCLIST C [WNW place ti* in m ~ m t  box J ) I  

FACIAL BONE FRACTURE Y E S O  N O E  
AIS = 7 0  A GENERAL 

LOSS OF CONSCIOUSNESS 2 Middle % 3 0  
1. Transient 0 3. Mandible 3 0  

1. Malar 

2 Conscious on Arrival 0 4. Nasal 2 0  
Uncomdws on Arrival 

1. From Time of Accident 
2. Lucid Interval 

4. Delayed 

1. < 5 0 0 M I .  
2 >5W MI. 

VOMIT 
1. Inhaled 
2 Not Inhaled 

1. Moderate 
2. Seiere 

1. Head and Neck 

3. lntraabdominal 
4. Intrathoracic 

3 0  

3. Recoverv Rapid 3. RcersoryProccP 3 0  
NON SPECIFIC (WHIPLASH) 1 D N O C  

BLOOD LOSS 

2 Paraplegia - Arms 

EYE DAMAGE YE- N O C  
- 

3 0  
2 0  SHOCK 

2 TNnk 

SOFT TISSUE 
1. Laceretion 
2 Abrasion 
3. Bruising 
4 Penetrating 
6. Loss of Tissue 

AIS = 1 0 

SKULL FRACTURE 
1. Vault - closed 
2 V a u l t - d e p r d  
3. Vault - compound 
4. Base 

4 
SEE BACK PAGE FOR INSTRUCTIONS 



DAMAGED 
!PITERNAL ORGANS l b n t l  

1 1 .  :<idnay - Latl 

CHEST (Cant) 

1. Right-Open AIS = 
PNEUhmTHORAX 

2. Riaht -Closed 
3. Richt - Tznrtw 
4. L m  - Ocen 
5. Left - Closed 
6. Left - Tension 

. . ~  ... i 
1. Right 
2 Left J -  

LUNG DAMAGE YESO NOO~ TREATMENT * E S D  N O 0  
1. Right 1 1. Operative - Maim n 

AORTA DAMAGE V E S U  N O U  Y 

1. Major 5 0  

TRACHEA DAMAGE V E S ~  NOR' 1 .  Major 0 
1. Maior 2 Minor m 
2 Minor FRACTURE SPINE v e s 0 ~ 0 O  

OESOPHAGUS D A M A S  VESC]NOC] 
1. Major n 
2 Minor 

2L.tt 

2 Minor 4 0  E. SPlNE AND PELVIC BONES YESONOD 

I 

E n 

3. Saml U I HEART DAMAGE 
1 .  Mdjor 
2 Minor 

V U 0  N O 0  

5 0  

5 0  

4 0  

4 0  

V C S O  N O 0  

Shbb 
1. Thoracic 
- I V E S ~ N O ~  

AIS = 3 0  
3 0  
3 0  

2 Lumbar 
3. Sacral 

Unsobla 
1. Thoracic 
2 Lumbar 
3. Sacral 

- 
MAJOR VEIN DAhlAGE 

1. Maior 
2 Minor V E S O N O ~  

4 0  
' 0  
4 0  

3 0  
3 0  
3 0  

V S S O N O O  

TREAThlENT 
1. Opsntiva - Major 
2 O w t i v e  - Minor 
3. Conmrvativa 0 

ACCESSORY PROCESS 
1. Thoracic 

1 2 Lumbar 

I Maior FRACTURE PELVlS 

1. Pubic Rami - ' chid Rami 

Y E S ~ N ~  

L. R 

3 on 
3 on 
3 00 
3 00 
2 on AIS; il -1 :L 

I .  Laceration 
L Abrasion 

4. A L Bruising (+I  AIS if 
1. Penetrating (continuinu 9 n 
i Loss of Time (haemrrt  

M Iliac Joint 
cmbulum fWmnl Dlrloacionl 

i 5. Ocher 
SPINAL CORD DAMAQE 

DAMAGED INTERNAL 
2. Paraplegia 
3. Cauda €quina 

. SFlSm 

! Liver 4m ~ . Bladdw - I n m p w i t o ~ l  '0 
.. &adder - Exrrapritonaal 3 0  
L Ursfhn  Membranous 3 0  
t Urethra Extramembranout :a 
. Uratar- Right 3 0  
. Ureter - Letl 3 0  
. Pancrsu 5 0  

4 a  i . Kddnay - Right 

2 Operative - Mine 
3. Conservative 
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:. EXTREMITIES 
UPPER LIMBS YESONO= 

n 
. Major u 
!. Minor 0 

SURFACE TISSUE 

AIS = lbo . Laceration _-- 
!. Abrasion 1uu 
L Bruising .(+I AIS i f  2 100 

continuing 1uu 
haemorrhage j 1 0 0  

FRACTURES 

I .  Arm 
L Forearm 
3. Wrist 
1. Fingers 

DISLOCATION 

1. Acmrnicclavicular 2 1 3 0  
2. Shoulder 3 0 0  
3 Elbow 3 0 0  
4. Wrist 3 0 0  
5. Fingers 1 0 0  

NERVE INJURY YESONOC - 
L. R. 

3UO 
MAJOR VESSEL INJURY YESONOC 

3 s j b  

bh 
TREATMENT YESONDE 

00 
00 

4. Conservative - Traction 00 
5 Conservative - Manipulation on 
6. Other 00 

1. Major 0 

I .  Operative - Major 
2 Operative - Minor 
1 Conservative - Plaster 

LOWER LIMBS Y E S O N O C  

2. Minor 
SURFACE TISSUE Y E S O  N O C  

L R. 

1 .  Laceration AIS = 1 [ I O  

3. Bruising 

5. LOU of Titwe( haemorrhage ) 

2. Abrasion 1 c 1 0  

4. penetrating [+I continuing if 1 
1 00 

FRACTURES Y E S O N O [  
I "  

1. Thigh 
2 Knw/Patella 
1 LW 
4. Ankle 
h Foot 

- ... 
3 0 0  
3 0 0  
3 0 0  
3 0 0  
2 0 0  

davant box ( 4  11 

DISLOCATION Y E S O  N O C  
L R. 

I .  Hip 
2. Knee 
I Ankle 
5 Toes 

NERVE INJURY V E S ~ N O C  
L. R. 

3 00 
YESONOC MAJOR VESSEL INJURY 

1. Operative - Major 
2 Operative- Minor 00 
3. Conranrative - Plaster 00 
4. Conwrvative - Traction UO 
5. Conservative - Manipulation on 
6. Other .no 

G. DISPOSAL 
Y E S O  N C  - TREATED IN CASUALTY 

1. Observation U 
2. Minor treatment 0 

1. Operative treatment in Theatre 0 
2 Conmntiva 0 

WARD ADMISSION Y E S O  NK 

TIME IN HOSPITAL IN* ot ow.1 .......... D A Y S  

DIED FROM INJURIES Y E S O  NC[ 

1. In Horpital 0 
2 Not Admittad to Hospital 0 

MAJOR CAUSE OF DEATH IspsCifV) 

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

SECONDARY OR CONTRIBUTING CAUSE h a c  

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

DIED FROM U N R E L A S D  CAUSE Y E S O  NO[ 
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APPEWDIX !3 

RECORDING OF MINOR INJURIES 

I N  THE RACS DATA 
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- RECORDING OF MINOR INJURIES I N  THE RACS DATA 

3ecsuse Nelson (1974)  reported a subs t an t i a l  number of omissions 
of i n j u r i e s ,  possibly mainly minor i n j u r i e s ,  a comparison was nade 
w i t h  another source of similar in ju ry  data t o  e s t ab l i sh  whether the  
R4CS ?ata were de f i c i en t  w i t h  respect  t o  minor i n j u r i e s .  

Huelke - e t  a1 (1977) reported an ana lys i s  of i n j u r i e s  recorded 
on the Col l i s ion  Performance and In jury  Report (CPIR) form by 39 
in-depth mul t id i sc ip l inary  accident inves t iga t ion  teams t h r o a h o u t  
North Aaerica. 
recorded minor i n j u r i e s  than t h e  coroners and hosp i t a l  personnel wh,rr 
completed RT2 forms i n  the RA’X survey. 
towards the more severe c o l l i s i o n s  and the  more ser ious  casua l t i e s ,  
something l i k e  t h e  RACS matched f i l e  which covered only co l l i s ions  
attended by ambulance and, of course, i n j u r i e s  t r e a t e d  a t  hospi ta l s  
o r  r e sg l t l ng  i n  death. 
the  Res t ra in t  System Effect iveness  Study f i l e .  
n a t  considered f o r  comparison because they a r e  based on tow-sway 
crashea and t h e  da ta  include many more cases  o f  no in ju ry  than the 
CPIR f i l e .  

These teams are more l i k e l y  t o  ?mve found and 

The CPIR da ta  s r e  b iase3  

Huelke e t  a1 a l so  r e p w t e d  an ana lys i s  of  
These data  were 

Rielke e t  a1 r e s t r i c t e d  t h e i r  a t t e n t i o n  t o  f r o n t  outboard sea t  
occupants aged 16 years  o r  o lder ,  and from the  CPIR f i l e  analysed 
the i n j u r i e s  of: 

(a )  5103 occupants i n  f r o n t a l  c o l l i s i o n s  (3950 not  
wearing s e a t  b e l t s ) ,  and 

994 occupants i n  roll-overs (approximately 760 
not  wearing seat b e l t s ) .  

(b)  

In j - J r ies  were grouped i n t o  s ix  body regions and assigned an 
AIS score i n  a l i k e  manner t o  t h e  RACS data, except t h a t  where a 
(not  necessar i ly  f a t a l )  in jury  was sustained by a person whs 
u l t imate ly  died,  a score o f  6 ( i . e .  died) was assigned i r respec t ive  
of t h i  sever i ty  of t h e  injury.  I n  t h e  RACS data, an AIS score o f  
6 was reserved f o r  necessar i ly  f a t a l  i n j u r i e s  only. 

Since ‘17% 3f Huelke’s data r e l a t ed  t o  unrestrained occupants, 
t h e  comparison w i t h  t h e  RACS da ta  was r e s t r i c t e d  t o  ti?e inj .Jr ies  :>f 

occupants without b e l t s  (Table BI).  The RACS da ta  i n  Table B1 r e l a t e  
t o  unrestrained f ron t  outboard s e a t  occupants aged 16 years  o r  o lder ,  
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Nut were not r e s t r i c t e d  t o  pa r t i cu la r  crash types l i k e  the  C P I R  data 
km2t $ 2 6  3 f  t h z  RACS 3ccupnnts w r e  involved i n  f r o n t a l  i i pac t s  
r i z  :reshes i n  which the  -Jehi:le zwerh?r4e5. 

b 
A 
.. I 

d 
d 
H 
5 
I 
P 
Y 

51 

Wl 

i l  

I n  general  there  was good agreement Setween the  injury sever i ty  
i s t r ibu t ions  o f  the  t w o  f i l e s  when allowance was made f o r  the 
i f f e r e n t  methods of t r e a t i n g  i n j u r i e s  associated with f a t a l i t i e s .  
3wevm, except f o r  the  head-face region, t he re  appeared t o  have 
een same under-recording of  minor i n j u r i e s  (AIS-1) i n  the  FtACS data 
n the case of t h e  neck region, t h i s  may have Seen due t o  a 3el ibera  
o l i cy  t o  ass ign a l l  s o f t  t i s s u e  inj . ir ies recorded i n  the  Head and 
eck sec t ion  of t h e  RTR form t o  the  head-face region only.  

Notwithstanding the  above f ind ings ,  it was concluded that 
u f f i c i en t  minor i n ju r i ea  were recorded in the  %ITS data t o  nake 
3rthw:iile an evaluation of  the  e f f e c t  of s e a t  b e l t  wearing on these 
n jur ies .  
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TASLE B1 : Comparison of in jury  sever i ty  d i s t r ibu t ions  3n unrestrained 
occupants i n  the  CPIR f i l e  (Huelke e t  a1  1977) and i n  the  RACS 
matched f i l e .  Front outboard s e a t  occupants aged 15 years  o r  s l d e r  
only. 

BODY REGION 

1. HEAD-FACE 
CPIR f i l e  

Fronta l  
Rollover 

3ACS f i l e  

NECK 
CPIR f i l e  

Fronta l  
Rollover 

RATS f i l e  

2. - 

3. THORAX 
CPIR f i l e  

Fronta l  
Rollover 

RACS f i l e  

4 .  LOWER TORSO 
CPIR f i l e  

Fronta l  
Rcdlover 

K4CS f i l e  

5. UPPER EXTREMITIES 
CPIR f i l e  

Fronta l  
Rollover 

FLACS f i l e  

6. LOWER E X l ” I T I E S  
CPIR f i l e  

Frontal  
Rollover 

RACS f i l e  

AIS Szore 

a 1 2 3-5 Died(6) 
% % % 16 % 

33.4 
36.6 
30.8 

86.4 
82.0 
95.8 

71.1 
61.7 
72.0 

84.9 
70.3 
85.8 

66.2 
47.9 
68.3 

50.6 
52.9 
62.1 

44.8 
31.7 
43.2 

10.7 
10.5 
2.4 

17.7 
17.2 
13.8 

9.6 
13.4 
5.5 

27.1 
35.1 
22.5 

38.5 
35.1 
28.2 

14.4 
12.8 
14.4 

0.9 
2.2 
0.1 

3.2 
4.6 
4.5 

1.2 
2.7 
0 . 3  

4.3 
11.3 
3.9 

6.0 
5.5 
c .9  

4.8 
3.6 

10.7 

1 .I 
2.0 
1.7 

5.0 
11.4 

9.6 

3.6 
10.3 
9.3 

2.4 
5.8 
5.3 

4.8 
6.5 
3.7 

2.7 
10.4 
1 .o  

0.9 
3.3 - 

3.0 
5.1 - 

0.7 
3:3 - 

- 
- - 

- 
- 
- 
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T E ! E  E l  (Cont 'd) 

AIS Score 
0 1 2 3-5 Died ( 6 )  
% % % % % 

7. WHOLE BODY 
CPIR f i l e  ( O A I S )  

Frontal 15.7 50.4 16 .3  1 1 . 4  6 .2  
Rollover 7.7 40.6 15.9 17.2 18.8 

9.1 48.5 15 .5  25.8 1 . 0  RACS f i l e  (MAIS) 
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APPENDIX C 

DETAILED RESULTS OF 

INJURY FReQUENCIES 
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TABLE C 1  : In jury  frequencies o f  non-ejected f r o n t  o u t b  -Bard s e a t  

occupant casua l t i e s  aged 16 years .3r a lder  i n  the  

RACS matched f i l e ,  by b e l t  use and crash locat ion.  

WHOLE BODY (Maximum AIS 1 

0 

I 0 

Tota l  
I , .  

-- 
Open Road Crashes 

-. -- 
Lap/sash Bel t  U s e  

lot wor 
"38 12) 
--I 

% 

8.5 

43.4 

15.4 

17.1 

6.0 

11.0 

1.6 

. .  

100.0 

Chi-square I x26 = 10.2 
Test ; (P> 0.1) 

worn 
(N=919) 

% 
10.8 

44.5 

11 .a 
15.6 

5.3 
10.0 

2.1 

- 

- - - - . 
100.0 

Bel t  * 
.Ef fec t  

(%I 

+26.8 

+10.2 

-23.7 

- 9.1 

-11.6 

- 8.7 

+29.1 

-. ... . . .. . - 

Built-up Area Crashes 

Lap/sash B e l t  Use 

Not Wor. 
(N=l970 

-. 

% 

10.1 

55.8 

15.9 

11.7 

2.9 

3.3 

0.3 

. . . .. . ... .. 

100.0 
.. . 

-. - 
Worn 

( N = l 8 3 l )  

% 

13.9 

60.6 

13.4 

a.4 

1.5 

2.3 

13.1 

Be l t  
Ef fec t  

(%I  
----- 

+36.9 

+ 13.5 

-16.1 

-23.4 

-47 .-I 

-28. t3 

-82.1 

. . .. ! . 

100.0 ~ 

0 Proportion of  be l ted  with AIS = i -1)  133 * Effect ' (hopor t ion  of unbelted with AIS = i 

Calculated from r a w  frequency data and any d i f fe rences  from 
ca lcu la t ions  based on t h e  percentages shown a r e  due t o  rounding. 

0 
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TWLE ?:! : Injury frequencies i n  t h e  head-face region o f  ncn-e.jec 

f ront  cu”soard sect  xcupaz t  casual t ies  aged 76 yezrs 
older i n  the RACS matched f i l e ,  by b e l t  use and crash 
location. 

HEAD-FACE Region 

open Road Crashes 

Lap/sash Belt  Use 

Not Worn worn 
(N-812) N1919) 

AIS - 
0 

1 

2 

3 

4 

5 

6 

I 

I Total 

I chi-square 
Test 

I 
L 

i 

96 

28.3 

41.4 

14.9 

5.8 

0.5 

7.5 

1.6 

100.0 

- 
% 

38.3 

38.7 

9.0 

4.5 

0.4 

7.0 

2.1 

- 
1 100.0 
I 

x26 = 28.3 
( p <  0.001) 

Belt  ! 
Effect 

(%I 

+35 - 2 

- 6.4 

-39.4 

-22.9 

-11.6 

- 7.3 

+29.1 

Built-up Area Crashes 
1 

p/sash 

t worn 
=I9701 

- 
% 

53.7 

r5.2 

14.4 

3.4 

0.5 

2.5 

0.3 

- 
100.0 

-- 

t i t  Use 1 Belt 

(%I 
Effec 

46 

49.0 

39.3 

8.4 

1.9 

0.1 

1.3 

0.1 

xz6 =.116.6 
( p  4 0.001) 

- 
t45.5 

-13.; 

-41. f 

-43. f 

-83.1 

-50. 

-a2. 

- 



D 

0 

0 

0 

0 

0 

I, 

Q 
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TABLE C 3  : In jury  frequencies i n  the  neck region o f  non-ejected 

o r  older  i n  t h e  RAGS matched f i l e ,  by b e l t  use and 
crash locat ion.  

f r o n t  outboard s e a t  occupant casua l t i e s  aged 16 years 

NECK Region 

AIS - 
0 

I 

2 

3 

4 

5 

Total  

Chi-square 
Test 

Open Road Crashes 

.ap/sash 

Jot Worr 
:N=812) 

% 

95.1 

3.2 

0 

0.4 

0 

1 .4  

100.0 - 

3elt Use 

worn 
(N=919) 

% 

94.1 

2.6 

0.4 

1 .I 

0. I 

1 .6  

100.0 

Bel t  
Ef fec t  

(%I 

- 1.0 

-18.4 

n.c. 

+194.5 

n.c. 

+20.5 

Built-up Area Crashes 

Lap/sash 

o t  worn 
(N=l970) 

% 

96.9 

2.2 

0.2 

0.2 

0 

0.6 

100.0 
- 

e l t  Use 

worn 
(N=1831) 

96 

95.5 

3.4 

0.4 

0.4 

0 

0.4 

100.0 

X Z 4  = 8.3 

P < 0.1) 

n.c. Not ca lcu lab le  (zero i n  denominator) 

Bel t  
Effect  

(%)  

- 1.4 

+51.6 

+I51 .O 

+R8.3  

n.c. 

-31 - 5  

-_ 
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Y U L E  134 : Ir,jury frequeczies I n  the  Ybrax  regicn sf r:on-e:s-. 
frcri t  outboard sea t  occupant casua l t i e s  aped : 5  yea' 
o r  older  i n  the  RACS matched f i l e ,  by b e l t  use and 
crash locat ion.  

THORAX Region 

T o t a l  

Chi-square 

Open Road Crashes 
~ ~~ 

Lap/sash Bel t  Use 

Not Worr 
(N=812) 

% 

65.8 

14.3 

5.8 

6.5 

3.7 

3.9 

100.0 

worn  
N= 919) 

Xz5 = 9.6 

( P <  0.1) 

96 

63.0 

19-3  

5.4 

5.1 

4.1 

3.0 

100.0 

B e l t  
Ef fec t  
(%I  

- 4.2 

+34.8 

- 6.0 

-21 -6  

+11.9 

-22.7 

Built-up Area Crashes 

Lap/sash 

o t  worn 
N=1970) 

% 

78.5 

12.8 

3.9 

2.3 

1.6 

1 .o 

100.0 

c 
X L 5  = 19.5 

( P  4 0.01) 

le l t  Use 

Worn 
(N=1831) 

% 

76.1 

15.8 

5.0 

1 .o 

1 . 2  

0.8 

100.0 

- 

- 
Bel 

E f f  e 
(%I  
- 

- 3.1 
+23. 

+25. 

-54.  

-23. 

-15. 

- 

rs e 

1. 

i 
i 

8 

e 

0 , (I 
9 
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TAnI.l*: C5 : I n j u r y  frcqucricics i n  the lower  torso reg ion  o f  nori- 

ejected f ront  outboard sea t  occupant casua l t ies  aged 
16 years o r  older i n  the RACS matched f i l e ,  by b e l t  
use and crash location. 

LOWER TORSO Region 

AIS - 
0 

I 

2 

3 

4 

5 

Total 

: hi-square 
Test 

Open Road Crashes 

Lap/sash B e l t  Use 

Not Won 
(N=812:  

% 

80.7 

6.4 

0.6 

3.1 

8.9 

0.4 

100.0 

YL5 = 7. 

worn  
(N=919) 

% 

78.8 

9.6 

0.4 

2.3  

8.3 

0.7 

103.0 

Bel t  
Effect  

(%I 

- 2.3  

+49.5 

-29 * 3 

-25.8 

- 6.7 

+76.7 

Built-up Area Crashes 

Lap/sash 

Not worn 
(N=l970) 

% 

91 .o 

4.3 

0 . 3  

1.8 

2.6 

0.1 

100.0 

le l t  U s e  --- 
worn 

(N=1831) 

% 

89.5 

7.5 

0.2 

1.3 

1 .3  

0.3 

100.0 

XL5 = 28.1 

(P c. 0.001) 

Belt  
Effect  

(%I 

- 1.7 

+73.4 

-13.9 

-26.2 

-51 - 5  

+169.0 



. 

3 1 - -  - LLLL C 6  : Inzury freGuencies i n  the upper ex t r ea i t i e s  z f  noa-e; 
f ron t  outboard sea t  occupant casual t ies  aged 16 years _ _  - 
older i n  the RACS matched f i l e ,  by b e l t  use and crash 
location. 

UPPER EXTREMITIES 

I Open Road Crashes 

Not Worn 
(N=812) 

worn 
(N-919 

% 

64.9 

21.9 

3.7 

9.6 

100.0 

Bel t  
Effect 

(%I 

+ 0.1 

- 1.9 

-20.9 

+16.1 

Built-up Area Crashes 

.ap/sash 

rot worn 
:N=1970) 

% 

72.6 

21.3 

2.5 

3.6 

100.0 

n 

xc3 f 5.1 
(P > 0.1) 

e l t  Use .- 
Worn 

(Ntl831) 

% 

73.5 

21.9 

2.2 

2 .3  

100.0 

Belt 
3ffect 
(%I  

-- 

+ 1 . 2  

+ 2.7 

-10.0 

-33.9 

L 



0 

e 

0 

e 

e 

0 

i 

0 
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TABLE C 7  : In jury  frequencies i n  the  lower ex t remi t ies  of non-ejecte. 
f r o n t  outboard sea t  occupant casua l t i e s  aged 16 years o r  
o lder  i n  the  RACS matched f i l e ,  by b e l t  use and crash 
loca t ion .  

LOWER EXTREMITIES 

AIS _. 

0 

1 

2 

3 

T o t a l  

Chi-square 
Test 
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