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S E R I OU S  TRAUMA TO CAR OCC UPANTS WEAR I NG S EAT B E LTS 

G . M .  MACKAY , P . F .  GLOYNS , H . R . M .  HAYES , D . K .  G R I FF I TH S , 
S . J .  RATTENBU RY , Acc i de n t  Res ea rch Un i t ,  Departmen t of 
Transportat i on ,  Un i ve :s i ty .of B i rm i ngham , U . K .  

The a i m  of th i s  pape r i s  not to demons t rate the e f fec t i vene s s  of seat 
be l ts , but to d i s cuss  i n  de ta i  1 some of the factors wh i ch comp rom i se the i r 
op t i ma l  pe r fo rmance and  to des c r i be the n a t u re and f requenc i es of s e r i ous 
i nj u r i es  s u s t a i ned by be l t  users . Many authors ( 1 - 6 )  have s hown that the seat 
be l t  p rov i des cons i de rab l e  protect i on fo r the user  i n  the acc i de n t  s i tuat i on ,  
b u t  i t s eff i c i ency i s  neve r the less  h i gh l y  dependent  on the ma i n tenance of  the 
i n teg r i ty of the pas s enger comp a r tmen t ,  on the co r rect use of the res t r a i n t  
sys tem and on the cha racte r i s t i cs o f  the s y s tem.  By ana l ys i ng those f i  l e s  
comp i l e d  b y  the Acc i de n t  Resea rch U n i t  a t  B i rmi ngham Un i ve rs i t y i n  wh i ch a 
res t ra i ned occupan t of a car  was s e r i ous l y  i nj u red , s ome of the fea t u res 
res u l t i ng i n  l i m i ted  p rotect i on have been i den t i f i ed . 

THE S TRUCTU RE OF  THE SAMP LE 

S i n ce 1 969 , pe rson ne l  f rom the Acc i de nt Research U n i t have rout i ne l y  
co l l ected data  on cars  i nvo l ved i n  acc i dents i n  B i rm i n gham and i t s env i rons . 
No t i f i cat i on of acc i de n t s  of i n te res t to the resea rch team has a l ways been 
p rov i ded by l oca l po l i ce forces . I n  the e a r l y  days of  the s tudy , one 
c r i te r i on fo r the i n c l us i on of an acc i de n t  was that at l ea s t  one occupant of a 
ca r shou l d  be what was off i c i a l l y  te rmed 1 1 se r i ous l y  i nj u red 1 1 •  I n  gene ra l 
te rms , th i s  means that  the pe rson wou l d  be adm i t ted  to hosp i ta l  as  an i n 
pat i e n t ,  hav i ng rece i ved  i n j u r i es of at  l eas t a seve r i ty 2 on the Abb re v i a ted 
l nj u ry Sca l e  ( 7 ) .  The res u l t  of  th i s  c r i te r i on was that there was an i n
e v i tab l e  b i as towa rds c ras hes i n vo l v i ng the more s eve re i nj u r i es .  

I n  orde r to exam i ne the pe r forman ce of  seat be l t s ,  i t  i s  nece s s a ry to 
s tudy a w i de s pect rum of i mpact seve r i t i e s  w i thout regard  fo r the as soc i a ted 
i nj u r i es at the t i me o f  s e l ect i on .  To th i s  end , the acc i dent  report i n g  
c r i te r i on was mod i f i e d  i n  1 974 s o  that a l  1 acc i den ts reported to the po l i ce i n  
wh i ch seat be l ts were worn we re not i f i e(i"""to the team. The res u l t  of  th i s  
change w i l l  i n  t i me make the s amp l e  of cases on f i l e  more c l os e l y  rep res entat
i ve of the ove ra l l p i ctu re ,  but  th i s  s tage has not yet bee n reached . 

l t  i s  thus h i gh l y  p robab l e  that the cases i nc l uded i n  th i s  s tudy do 
not represent  a c ros s - sect i on of s e r i ous i nj u ry acc i de n t s  i n  wh i ch a res t r a i n t  
sys tem i s  used . Howeve r ,  s i n ce th i s  pape r i s  a i med a t  i dent i fy i ng some o f  the 
facto rs wh i ch have an adve rse i n f l uence on seat be l t  pe r fo rmance by gene rat i ng 
i n j u ry ,  the use of  a b i ased samp l e  i s  accep tab l e ,  p rov i d i ng that the con
c l us i on s  wh i ch may be reached a re not i n te r p re ted as i nd i cat i ve of ove ra l l  
seat be l t  pe rformance . 
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The s amp l e  of  acc i dents used i n  t h i s  s t u dy i s  comp r i sed of 82 ca rs i n  
wh i ch t h e re we re 1 08 f ront seat occupan ts wea r i ng seat be l t s .  A l l the be l ts 
were t h ree po i n t sys tems except for two s i ng l e  d i a gona l be l ts .  The d i s t r i b
u t i on of  types of  be l t  i n  the samp l e  i s  s hown i n  Tab l e  1 .  

Tab l e  1 .  Types of seat be l t  i n  sampl e 

Type of  Be 1 t D r i ve r  F ron t Passenge r 

T h ree- po i n t  s tat i c  52 2 6  

Th ree - po i n t  au toma t i c  20 8 

D i agona l s t a t i c  

Tota l  73  35  

Tot a l  

78 

28 

2 

1 08 

The types  of  i mpacts wh i ch the ca rs s u s t a i ned  a re s hown i n  Tab l e  2 .  
As fa r as poss i b l e ,  the damage to e ach ca r was assessed i n  te rms of the mos t 
s i m i l a r  c ra s h  tes t con f i gu ra t i on .  l t  was howeve r found nece s s a ry to i nc l ude 
the category 1 1unde r- run 1 1 ,  fo r wh i ch there i s  no equ i va l en t  tes t ,  as th i s  con
f i gu rat i on of damage has part i cu l a r  i mpo r t ance fo r res t ra i ned  occupants . 

Tab l e  2 .  Egu i va l ent  tes t con f igurat i on for s ampl e  cars 

I mpact Type No . of  Veh i c les  

F ront 

S i  de 

Rea r 

Ro l l ove r 

Compl ex  

d i s t r i buted 
0 - � offset  
� - � offset 
� - i offset 
ang l e d  b a r r i e r  
concent rated 

d i s t r i b uted 
s i desw i pe 

Unde r- run f ron t a l  
s i de 

Tot a l  

1 4  
1 0  
1 0  
9 
2 
2 

1 0  
4 

7 

4 

8 
1 

82 
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THE I NJ U R I ES AND THE I R  CAU S E S  

l nj u ry p a t te rns of the occupants i n  th i s  s amp l e  demons t rate t h e  same 
mu l t i p l i c i ty of i nj u ry as i s  cha racte r i s t i c  of u n re s t ra i ned  ca r occupan t s .  
Tab l e  3 shows the f requen c i es o f  a l l i nj u r i es and o f  i nj u r i es o f  d i fferent 
l e ve l s  of seve r i ty .  On average , each occupant  rece i ved i n j u r i es to 2 . 8  body 

Tab l e  3 .  Re l a t i ve f requenc i es of occ u r rence of i n ' u r i es of  d i fferent 
seve r i t i es by body a rea , for each res t ra i ned occupant Pe rcentages )  

Abbre v i a t ed l nju ry S ca l e  Rat i ng 

A l l 
Body A rea 2 l 4 2. 6 Seve r i t i es 

head 1 9  30 8 0 5 9 7 1  

neck 8 2 2 0 0 2 1 4  

ches t 2 1  25  6 1 0  64 

a rms 1 6  1 4  4 0 0 0 34 

ab dornen 2 2 7 9 22 

sp i ne (exc l u d i ng 0 0 2 2 0 0 4 
neck)  

pe l v i s  1 0  4 7 0 0 0 2 1  

legs 3 1  1 7  1 7  0 0 66 

a reas . l f  m i nor  i nj u r i es (A I S 1 )  a re exc l uded , then th i s  f i g u re d rops to 2 . 0 
i nj u r ed body a reas per  person . Becau se , as was men t i oned above , th i s  s amp l e  
o f  acc i de n ts cannot be rega rded as represen tat i ve ,  i t  i s  not pos s i b l e  t o  make 
a comp a r i son w i th eq u i va l e n t  sta t i s t i cs for un res t ra i ned  ca r occupan t s . 

The se r i ous neck i nj u r i es i n  th i s  samp l e  we re a l l as soc i a ted  w i th 
he·a d  con t acts  and i t  i s  of note that even i n  th i s  samp l e , b i ased as i t  i s  
towa rds se r i ou s  i nj u ry , no se r i ous head i nj u ry was assoc i at ed w i th non-contact 
be l t  i n duced head dece l e rat i on .  The re l e vance of  cur rent i nj u ry c r i te r i a  fo r 
the head (H . I  . C . ) wh i ch a re ap p l i e d  to those  non contact head dece l e rat i ons 
mus t be ques t i oned i n  the 1 i gh t  of  th i s  e v i dence . 

Ana l ys i s  of the types of acc i den t s  i n  wh i ch occupan ts  rece i ved l i fe
t h reaten i ng or fa t a l  i nj u r i es (A.  l . S .  5 and 6 )  gave an i n s i gh t  i nto t he 
facto rs a f fect i ng de t r i ment a l l y res t ra i n t sys tem performan ce . The re we re 29  
peop l e  i n  2 7  veh i c l e s  i n  t h i s  ana l ys i s .  I n  each cas e ,  an assessment was made 
of what s i ng l e  facto r ,  i f  any , res u l ted i n  the i nj u r i es rece i ved . The factors 
a re l i s ted  i n  Tab l e  4 w i th the numb e r  of  t i mes wh i ch they occu r red . Each of 
these comprom i s i n g factors i s  exam i ned b e l ow i n  more deta i l .  
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Tab l e  4 .  Facto r a f fect i ng seat be l t  pe rformance i n  fata l  and severe acc i den ts 

Compromi s i ng facto rs 

I n t rus i on - unde r- run 
- s i de 
- f ron t a l  
- roof 
- exte r na l obj ect 

Ro l l ove r i n  soft- top ca r 

Excess i ve l oad on be l t  due to rea r l oad i ng 

F i re 

l nco r rect l y  pos i t i oned be l t  

I NTRUS I ON 

Numbe r of  cases 

6 
3 
1 
1 
1 

2 

4 

4 

7 

Fundament a l  to the i dea of veh i c l e  occupant res t ra i n t  as a means of 
m i n i m i s i ng 1 nJ u ry i s  t he ma i n tenance of the i n tegr i ty of  the passenger comp
a rtmen t .  As can be s een f rom Tab l e  4 ,  the p r i nc i pa l  cause of maj o r  i nj u ry ,  
res u l ted  f rom the ca r ' s  own s t ructu re de fo rm i ng i nto the pas senge r s pace . 
Assoc i a ted w i th th i s  p rob l em i s  the fa i l u re to p rov i de adequate p rotect i on 
du r i ng r o l  l ove r acc i dents i n  soft-top cars . 

The unde r- run acc i dent i s  a p a r t i cu l a r l y  d i f f i cu l t  p rob lem for the 
ca r des i gne r to so l ve a l on e .  Of the 1 1  occupants i n  th i s  samp l e  who 
expe r i enced acc i den t s  of th i s  type , 6 rece i ved f a t a l or l i fe- t h re a ten i ng head 
or ne ck i nj u r i es and 4 s u s ta i ned a l esse r deg ree of head i nj u ry . I n  the samp l e  
of acc i de n t s  a s  a who l e ,  on l y  5 1  pe rcent of  the occupants s u f fe red  head 
i nj u ry of  A . I . S .  2 or  above . I n  acc i dent  con f i g u ra t i ons other  than unde r- runs , 
on l y  1 0  pe rcent  of  the occu pan ts s u s ta i ne d  head o r  neck i nj u ry of  A . I . S .  5 and 
above . Heavy goods veh i c l es we re i n vo l ved i n  al 1 b u t  one of the acc i dents to 
the 1 1  occupan ts  des c r i bed above . Th i s  samp l e  ref l ects  the ext reme haza rd to 
car occupants  offe red by h i gh  l eve l l oad i ng f rom H . G . V . s .  Many s uch acc i den ts  
may i nvo l ve q u i te mode rate co l l  i s i ons ene rg i es wh i ch cou l d  be s a fe l y  d i ss i pa ted 
i f  on l y  the heavy goods veh i c l e s  i n vo l ved had  some means of l oad i ng the 
s t i f fes t p a r t s  of  passenger cars , t h us avoi d i ng the mass i ve roof l evel  
i n t rus i ons seen a t  p resen t .  Th i s  p rob l em of  veh i c l e  unde r- run i s  not ,  of 
cou rse , con f i ned on l y  to be l ted  occupan ts . 

Apa r t  f rom the ve ry se r i ous con sequences of i nt rus i on as a resu l t  of  
unde r- run , i t  i s  not uncommon for  t h e re to be i nt rus i on as  a res u l t  of s i de 
and f ron t a l  i mpacts of  the ca r to car  type .  Tab l e  4 s hows that  the re were 3 
fata l i t i es i n  s i de i mpacts ou t o f  1 5  s uch acc i dents i n  t he samp l e . The p re 
dom i nant i nj u ry i n  these 3 fat a l  i t i es was mas s i ve ehes t i nj u ry due t o  con t act 
w i th the i nt rud i ng doo r ,  accompan i ed i n  2 cases by f a t a l  head i nj u r i e s  caused 
by contact  w i t h the othe r veh i c l e .  
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I n  28 cases i n  add i t i on to the unde r- runs and s i de i mpacts , 
i n t rus i on was cons i de red to have p l ayed a part  i n  the gene rat i on of i nj u ry for 
the res t ra i ned  occupan ts , part i cu l a r l y  to the l owe r l i mbs , whe re footwe l l  
d i s rupt i on and fac i a  d i s p l acemen t s t i l l  rep resen t se r i ous th reats of i nj u ry to 
be l ted occupan t s .  

EXCE S S I V E FORWARD MOVEMENT 

Th i s  s tudy i s  based on det a i  l ed exam i na t i ons of  the cars i nvo l ved , 
whe re con tacts w i th the i n ter i o rs a re co r re l a ted w i th the i nj u r i es susta i ned  
by  the  occupan t s .  E i gh teen cases we re i dent i f i ed whe re exces s i ve forwa rd 
movemen t res u l ted i n  i nj u r i es c l as s i f i ed as A .  1 . S .  2 or g rea te r i n  sever i ty .  
The type of  be l t  and i ts f unct i on i n  each co l l i s i on i s  1 i s ted  i n  Tab l e  5 ,  

Tab l e  5 .  Be l t  funct i on assoc i ated w i th exces s i ve fo rward movement  

Be l t  Fa i l u re 

Cen t re s ta l k b roke 

Be l t  b roke 

Moun t i ng fa i l ed 

Exces s i ve s l ack i n  wea r i ng 

Ree l  b roke up 

Be l t  ree l e d  out comp l e te l y  

Exces s i ve ree l ou t 

Tota l 

Type of Be l t  

Stat i c  l ne r t i a  Ree l  

3 

4 

n/a 

n/a 

n/a 

9 

0 

0 

n/a 

3 

4 

9 

l t  w i l l  be reca l l ed that  the tota l  samp l e  cons i s ted of 80 s ta t i c  
be l ts used , and 2 8  i ne r t i a  ree l be l ts used . Tab l e  5 t he refore s ugges ts that  
exces s i ve forwa rd movement  i s  very dom i nan t l y  a cha racte r i s t i c  of  i ne rt i a  ree l 
be l ts .  

I n  the pas t ,  two gene ra l a rguments have bee n put fo rwa rd i n  favou r of 
i ne r t i a  ree l be l t s .  F i rs t l y ,  s ta t i c  be l t s are  s u pposed l y  worn w i th exces s i ve 
amounts  of s l ac k (9 ) . O u r  data  s ugges t that  a l t hough th i s  may we i l  be t he case , 
i t  has on l y  actua l l y  l e d  to i nj u r i es g reater  than A .  1 . S .  2 i n  fou r i ns tances . 
Aga i n  i t  has gene ra l l y been s upposed that  i ne r t i a ree l be l t s e l i m i nate th i s  
d i sadvant age of the s ta t i c  be l t .  The data  i n  Tab l e  5 s ugges t that i n  rea l i ty ,  
i ne rt i a  ree l s  a re i n  fact i n t roduc i ng mo re p rob l ems than they so l ve .  I n  
part i cu l a r t he cases , i f  exam i ned i n  de ta i l ,  s how that  the unb raced  passenge r 
i s  part i cu l a r l y  vu l ne rab l e  i f  p re- i mpact b rak i ng takes p l ace at  a dece l e ra t i on 
l e ve l be l ow the veh i c l e  sens i t i v i ty of  the ree l . A l so a numbe r of  comp lete 
ree l out cases a re s hown i n  Tab l e  5 whe re no l oad  has been taken by the be l t  
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at a l l unt i l  a l l of  the webb i ng was off the ree l . 

l f  i t  i s  accepted that the maj o r  advantage of  an i ne rt i a  ree l sys tem 
i n  a co l 1 i s i on i s  to e l i m i nate s l ac k ,  then the data  s ugges t that p resent day 
sys tems a re not do i ng that  sat i s facto r i l y .  Ana l ys i s of th i s  samp l e  i nd i cates 
that  even w i th stat i c  b e l ts as wo rn , i ne r t i a  ree l be l t s a re a l l ow i ng at  l east 
as much , i f  not more fo rwa rd movement as  i s  obse rved w i th s tat i c  sys tems . As 
f o r  those cases whe re the i ne r t i a  ree l s  have e i ther  l o cked u p  l ate o r  f a i  l ed 
to l ock at  a l l i t  wou l d  s eem that u rgent cons i de ra t i on shou l d  be g i ven to the 
adequacy of  cu r rent s tanda rds and des i gns . l t  wou l d  be usefu l to know i f  the 
res u l ts of l abora tory tes ts a l s o  demon s t rate th i s  type of fa i l u re of i ne r t i a  
ree l sys tems . These f i nd i ngs  wou l d  seem p a r t i cu l a r l y  wor ry i ng w i th the 
p resen t t rend  for manu fa c t u re rs to offer  such be l ts as the � opt i on and 
some coun t r i es leg i s l a t i ng for the compu l so ry f i tt i ng  of  such be l t s .  No 
mechan i sm fo r s u ch fa i J u re can be ce r ta i n l y  i dent i f i ed at the moment and i t  i s  
be l i eved that th i s  i s  the f i rs t  t i me s u ch p rob l ems have been c i ted i n  the 
1 i terat u re . 

l t  shou l d ,  howeve r ,  be s t res sed that  a l though the f i e l d  e v i dence 
appears to ra i se some s e r i ous ques t i ons conce rn i ng the deg ree of  p rotect i on 
offered  by i ne rt i a  ree l sys tems , t he i r use i s  s t i l l  c l e a r l y  i nd i ca ted  to be 
bene f i c i a l . The d i scuss i on i s  s i mp l y  whethe r i ne rt i a  reel be l t s ,  as cu r ren t l y  
des i gne d ,  offer  a s  much res t ra i nt a s  s ta t i c  i ns ta l l a t i ons , and a l so how the 
performance of be l ts ,  as a who l e ,  can be i mp roved . 

The second gene r a l  a rg umen t i n  favour  of  i ne rt i a  ree l be l t s i s  that  
t hey a re wo rn much mo re f requen t l y .  Ce rta i n l y  data  co l l ected i n  Br i ta i n  up 
un t i  1 1 972 s ug ges ted h i gh e r  us age rates fo r i ne rt i a  ree l s  ( 1 0 ) . However 
u n t i  1 recen t l y  i ne r t i a  ree l s  were an op t i on a l  ext ra for wh i ch the f i rs t  t i me 
buyer  made a cho i ce to s pend extra o r  not . Now mos t U . K .  manu fact u re rs f i t  
i ne r t i a  ree l s  as s tandard  eq u i pment and , as i l l u s t rated by Tab l e  6 ,  usage 
rates between s ta t i c  and i ne rt i a  sys tems s how no s i gn i f i can t d i f fe rence s .  

Tab l e  6 .  U s age rates for be l ts 

c i t:t Cen t re 

(N  = 689) 

S t a t i c  2 1  . 8% 

l ne rt i a  Ree 1 2 3 . 3% 

Ove ra  1 1  2 2 . 2% 

i n  Spr i ng 1 975 

R u r a l  

( N  = 6 7 3 )  

44 . 0% 

44 . 0% 

44 . 0% 

M-wa:t 

( N  = 636)  

5 1 .  5%  

57 . 5% 

53 . 0% 

l t  wou l d  appe a r  therefore i n  re t rospect that the h i gh usage rates 
obt a i ned i n  the pas t w i th  i nert i a  ree l s  we re due to the f i rs t  t i me buye r be i ng 
atyp i ca l . Now that  a l l buyers mu s t  have i ne rt i a  ree l s  (b road l y  s pea k i n g )  the 
appa rent s u pe r i o r i ty of ree l s  has d i sappea red . 
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I n  s umma ry therefore the eo l l i s i on perfo rmanee of present day i nert i a  
ree l s  appe a rs to be unsat i s facto ry ,  and i t  the refore seems v i ta l  that  t he i r  
s pe c i f i eat i on shou l d  be made more rea l i s t i c ,  and the ava i l a b i  l i ty of  s ta t i c  
b e l t s  s hou l d  be eneou raged i n  the i n te r i m . 

BE LT I NDUCED I NJURY 

Be fore the i n t roduet i on of the l eg i s l at i on requ i r i ng a seat  b e l t to 
be so des i gned that  i t  eou l d  be engaged us i ng one hand , i t  was ve ry easy for 
the unw i tt i ng user to wea r  a be l t  i n  a manne r l i ke l y  to generate i nj u ry i n  
the event of a f ron t a l  i mpaet . The a rea mos t  vu l ne ra b l e  to i neor reet be l t  
pos i t i on i ng i s  the abdomen and any be l t  l oad i ng over th i s  reg i on appea rs to 
offe r the  r i sk of s e r i ous i nj u ry . Very 1 i t t l e  i n forma t i on has bee n pub l i s hed  
on eo r reet be l t  pos i t ion i ng and  i t  wou l d  seem i mportant that  future pub l i e i ty 
s hou l d  s t ress  th i s  poi n t .  

be l ts fo r 

Tab l e  7 .  

Body A re a  

ehes t 

ab dornen 

pe l v i s  

The l oeat i ons of  t he i nj u r i es of  A .  1 . S .  2 and over 
30 oeeupan ts  i n  the samp l e  a re s hown i n  Tab l e  7 .  

Numbe rs of  body a reas susta i n i ng seat be l t  i ndueed 

Abb re v i a ted 1 nJ u ry S i: a l e  

2 l 4 .2. 6 

1 6  5 4 

4 5 2 

2 0 0 0 

p roduee d  by the 
Fo r ha l f  of these 

i nj u ry by seve r i ty 

A l l Seve r i t i es 

27  

1 3  

3 

oeeupan t s ,  i t  was pos s i b l e  to g i ve the eauses fo r the p resenee of  a be l t  
i ndueed i nj u ry , as s hown i n  Tab l e  8 .  The i mportanee of the eo r reet pos i t
i on i ng of the seat be l t  over the pe l v i e  reg i on rather  than the abdomen i s  

Tab l e  8 .  Causes , where known , of be l t - i nduced i nju r i e s  

· cause o f  i nJu ry No . of  oceupants 

Be l t  worn s l aek 4 

Be l t  pos i t i oned i n eo r rect l y  7 

Rea r l oad i ng by other oeeupan ts  5 

e l e a r l y i l l us t rated by e l ose  exami nat i on of  the 7 cases of  i nj u ry seve r i t i es 
A .  l . S .  5 and 6 .  I n  none o f  these eas es d i d  t h e  u s e r  s u ffe r rear l oad i ng and 
i n  on l y  one ease was the re severe aeeompany i ng ehes t i nj u ry wh i ch m i ght  have 
suggested h i gh l oad . (Even th i s  l a t t e r  case was on l y  assessed as be i ng 
equ i va l ent  to a f ron t a l  d i s t r i buted ba r r i e r  co l l  i s i on at  20 - 25 m . p . h .  and 
the i nj u r i es to the ehes t we re a t t r i b u ted  to the be l t  be i ng worn s l ack) . 
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REAR LOAD I NG 

The a d v e r s e  e f fects on res t ra i ne d  f ront s e a t  occupan ts of rea r 
l oa d i n g by l a rg e  ma s s e s  i n  t he rear of the ca r - not neces s a r i l y  pas sengers 
but poss i b l y  heavy l u ggage or an i ma l s  - fo l l ows n a t u ra l l y  f rom the above 
cons i de r a t i on of be l t - i nd uced i nj u r i es .  C u r rent des i g ns o f  f ron t seat a re 
seen to fa i l  w i thou t l oa d i ng f rom beh i n d i n  many cases a n d  even t h e  cu r re n t  
Fede r a l  S t a nd a rd requ i r i n g t h a t  a s ea t  s hou l d  w i ths tand twe n t y  t i mes i t s own 
we i gh t  o f f e r s  no p ro t e ct i on i n  a c r a s h  a ga i n s t  an u n res t ra i ned rea r pas s enge r .  

I n  4 o f  the 5 i n s t a n ces of l i f e- t h reaten i ng a n d  f a t a l be l t  i nd uced 
chest i nj u ry i n  Tab l e  8 ,  t h e re wa s rea r l oad i n g and s e a t  fa i l u r e .  I n  t o t a l , 27  
f ron t s e a t  occu p a n t s  i n  t h e  s a mp l e  expe r i enced l oa d i ng e i t h e r  f rom t he i r  s e a t  
a l one o r  tog e t h e r  w i t h a rea r occupan t .  

A s o l u t i on to t h i s  p r ob l em i s  to l eg i s l at e  fo r rea r seat res t ra i n t s  t o  
b e  f i t t e d  a n d  compu l so r i l y  u s e d  as now e x i s ts i n  Aus t ra l  i a  a n d  othe r cou n t r i es .  
To i n s i s t  on l y  on compu l so ry f ron t s e a t  be l t  u s e  does not p rov i de as much 
p ro t e c t i on as i s  poten t i a l l y  a v a i  l a b l e  for those us i ng s u ch be l t s .  

F I R E S  

Seven be l t ed occu pants i n  th i s  s a mp l e  we re i nvo l ved i n  co l l  i s i on s  i n  
wh i ch th e i r veh i c l es caugh t f i re pos t i mpact . The w ho l e  p rob l em of pos t 
co l l i s i on f i re s  h a s  been cons i de red i n  mo re d e ta i l recen t l y  ( 1 1 )  a n d  d e t a i l e d  
exam i na t i on of these cases w i l 1 n o t  b e  u n d e r taken he re . Howeve r ,  con s i de r
a t i on o f  a l l f i re cases on f i  J e  a t  the Acc i d en t Res e a r ch Un i t ,  does i n d i ca te 
t h a t  t h e  be l ted occupan t ,  gene ra l l y ,  i s  mo re l i ke l y  to be con s c i ous a n d  un
i nj u re d  pos t i mpact than h i s  unbe l ted coun t e r pa r t ,  and t h u s  i s  more l i ke l y  to 
be ab l e  t o  e s c a pe f rom h i s  veh i c l e  i n  t h e  u s u a l l y  s ho r t  t i me f rom i mp a c t  to 
a l l e n ve l op i n g f i re .  

CONCLU S I ONS 

1 .  No s e r i ous head o r  neck i n j u ry h a s  been seen w i thout d i rect con t a c t  a n d  
t h u s  p re s e n t  i n j u ry c r i te r i a  a p p l  i e d  t o  b e l ted dumm i es wh i ch cons i de rs 
t h e  w ho l e  d u rat i on o f  the dece l e ra t i on pu l se s hou l d  be rev i ewed . For t h e  
res t r a i ned d r i ve r ,  f a ce con t a c t  w i th the w h e e l  i s  t h e  ru l e ,  a n d  t h e re i s  
a need fo r i nj u ry c r i te r i a to be devel oped t o  cope w i t h th i s  s i t u a t i on .  

2 .  I n t rus i on i n to t h e  p a s s enge r comp a r tmen t i s  the mos t  f requen t l y  occu r i ng 
comprom i s i ng factor t o  be l t  pe r formance i n  t h e  p resent s amp l e .  

3 .  l nco r re c t l y  pos i t i one d be l t s represent a p a r t i cu l a r th reat to t h e  abdom
i na l  a re a .  

4 .  l ne rt i a  ree l be l t s a re seen t o  a l l ow more occu pant movement t h an occu rs 
w i th s ta t i c  be l t s ,  as wo rn . 

5 .  We a r  ra t es o f  s ta t i c  a n d  i ne r t i a  reel be l t s do not appea r to be s i gn i f i c
a n t l y  d i f fe re n t  , i f  such be l t s  a re p r ov i ded as s tanda rd . 
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6 .  S tanda rds con t ro l l i ng the pe r formance o f  i ne r t i a  reel s ys tems shou l d  be 
u rgen t l y  cons i de red  i n  v i ew of the presence of severa l cases of l a te l ock 
up o r  no l ock u p  w i th i n  th i s  s amp l e .  

7 .  The u n res t ra i ned  rea r occupant can g rea t l y  i nc rease the seve r i ty o f  a 
be l ted f ront seat occupan t ' s  i nj u r i es .  The p rov i s i on and use of  rea r 
seat be l ts a re essen t i a l i f  max i mum p rotect i on i s  to be ava i l ab l e  to the 
f ron t seat occupa n t .  
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