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MI S US E  OF 'l'HRi:<.:E -P OINT OC CUPANT R�S TRZ\INTS 
IN REAL -WORT_,D COT_,L IS I ONS 
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Al an G e rm a n  

Zygm un t  M .  G or s  ki 
E dwi n S. N owa k 

Uni ve r s i t y  o f  W es te r n  O nt a r i o  

and 

D .  M ur r ay D ance 
T r ans po r t  C an a d a  

The use of  t h r  e e - po i  n t  oc c upan t  res t r a  i nt s  has bee n  s hown to be 
a ver y e ff e c t i v e  me ans of r e d uc i n g  t h e  seve r i t y  of o cc u pant 
i ni ur i es ove r all cr a s h mode s . In a sma l l  num be r of cas es , not 
i n vol vi n g  i nt r us i o n  i nto the occ u pant s pace , s e ve r e  to f at al 
i nj ur i es have occ ur r ed to f ul l y- r es t r a i ned oc c upa n t s , an d 
r es t r a i nt s y st em m i s use h as been f o u n d  to be a m ai or caus al · 

f act or . Thr e e  pr i rna r y mod e s  of se at be l t  mi s use ar e i de n t i f i ed 
i n  t he pr es ent pa per , t h es e  bei n g  e xc e ss i v e sl ac k  i n  t h e s y st em ,  
irn pr ope r pl acement of the s e at be l t  we bb i ng , and un s ui t a b l e 
pr e- im pa ct post u r e  of t h e  occu pant . The co nse qu en c e s  of s uch 
s e at be l t  mi s us e  ar e exami ned t h r ough cas e  s t ud i es of real - wor l o  
col l i s i o ns whi ch ha ve be en t h e  s u bi e cts of m ul t i- d i s ci p l i nar y 
i nve s t i  gat i ons by the aut ho r  s .  Such ins tances un de r s co r  e the 
nec e s s i t y  of irn pr ov i ng t he d es i gn and pe rf orm an c e  of c ur r ent 
r es t r a i nt s y s tems , and of pr ov i di ng s u i t abl e pub l i c  eouc at i o n as 
to t he cor r e ct m ann e r  i n  whi ch s e at bel t  s y st ems s ho ul d  be 

· ut i l  i zed . 

INT RODUCTI ON 

I t  i s  ge n er a l l  y accepted that thr e e - poi. nt se at be 1_  t svs tem s ar e 
an e f f e ct i ve rne ans of pr ot e ct i n g mot or ve hi cl e occ u pan t s  i n  t he 
e ve n t  of a cr as h .  Thi s  i s  es pec i al l y  t rue for f r ont a l  irnoa ct s 
whi ch f orm t h e  mos t  f re qu ent col l i s io n  t y pe , and a l s o  g i ve r i s e  
to som e of the h i ghes t cr as h seve r i t i es . 

A pro pe r l y-worn , t hr ee- poi nt r es t r ai nt c a n  rn i t i g at e t h e e ff e cts 
of qu i t e  seve r e  f r ont a l  cr as hes an d r educ e  i ni ur v l eve l s  to 
wi t h i n t ol e r a bl e  l i mi ts .  The m i s use of s e at bel t s  c an or od uc e  
s eve r e , a n d  eve n f at a l , i ni ur i. es to oc c upa n t s  i nvo l ve d  i n  
col l i s i ons o f  o nl y  mode r at e  se ve r ity . 

Thr oughout the wor l d , gove r nm en t s  ar e man dat i ng bot h the 
i ns t a ll a t i o n  of s e at bel t  s y st ern s  i n  mot or v e h i cl es , and t h e i r 
us age bf ve h i cl e  oc cupa n t s . Ty p i ca l l y ,  motor ve h i cl e  s a f et v  

1 03 



s tanda r d s  add r es s  the mech a n i ca l  st r e n g t h  o f  se at be l t  
as s em bl i es ,  but  f a i l  to a dd r e s s  t h e i r  comf ort , conv eni en ce , and 
even co l l i s i on pe r f orm ance . W i de s pr e ad med i a  cam pa i gn s  s t r es s  
t he im port anc e  of we a r i n g  a s e at bel t  and t he ben e f i ts w h i ch a r e  
t o  be de r i ve d i n  the eve n t  of a cr as h . Sel dom i s  much 
cons i de r at ion g i ven to t he nec e s s it y f or cor r e ct usage i f  
opt i ma l  pe r f or m ance o f  the r es t r a i nt s y s tem i s  to be r e al i ze d . 

I f  r e gul a t i o ns gove r ni n g  t he i nst a l l a t i o n  and us e of s e at bel t 
sy s tems ar e to be t r u l y  e ff ect i ve , c l os e  att en t i on m us t  be pa i d  
to t h es e  qu e s t io ns by bot h  gove r nm en t s  and i nd us try � 

CAS E ST UD I E S  

C as e  S tudy No . 1 

The dr i ve r of a 198 0 Che v r o l et C heve t t e  cr oss e d  t h e  r oadw ay 
c ent r e  l i ne w h i l st att em pt i ng to n e got i at e  a s har p c ur v e  to t he 
r i ght . 'l'he f r ont end of  the cas e  ve h i cl e  s t r uc k  t h e  r e a r - du a l  
w h ee l s  o f  t h e  l e a d  t r a i l e r  i n  a t r a ct or-dou bl e t r ai l e r  
com bi n at i on .  The ca r pe r f or m e d  one com pl et e coun t e r c l oc kw i s e  
r ot at i o n  a n d  s t r uc k  t he r e a r  w h e e l  of t h e  s e co n d  t r a i l er . T h e  
ba r r i er e qu i va l en t ve l oc i t y  f or the i n i t i al impact was es t i mat e d  
as 8 km/h , whe r e as t ha t  f or t h e  s e co nd col l i s io n  w as 
app r o xi mat e l y  3 0  km/ h . 

The cas e ve h i cl e  was oc c up i ed bcy two el de r l y pe r s o ns , bot h o f  
w h an , a ft e r  t he cr ash , we r e  f o u n d  wi t h  t h e t o r so por t io n  of 
t he i r  thr ee- po i nt res t r a i nt s y s tem unde r the axi l l a , bot h 
f at a l l y  i nj ur ed . 

W itnes s mar ks pr es en t  on bot h the l ef t - f r ont an d r i ght - f r ont 
r est r ai nt s y st ems we r e  i ndi c at i ve of occ u pan t l oa d i n g  of t he 
s e at be l ts . Tongue impr es s i ons s howe d  l ap- be l t  l en g t h s  of 90  cm 
f or t he d r i ve r  and 81 cm f or t he r i g ht- f r ont pas s eng e r . L i g ht 
abr as i o n  mar ks we r e  found on the D - r i ng s  of bo t h  s ys tem s � 
h owe ver , no t r an sf e r s  we r e  m a d e  to t h e  we bbi n g  m at e r i al .  

T he dr i ve r , a 64 -ye ar - ol d f em al e ,  was 1 5 5  cm ta l l  an d we i gh e d  50 
kg . T h i s  occ u pant s us t a i ned br a i n  cont u s i o ns at t he b as e and 
a n t e r i or as pect s of the f r ont a l  and tem por a l  l obes , w i. t h  
b i l  at e r  a l  s u  bd u r  al , pe r i  or b i t al , and s u  ba r a ch noi d h a emor r ha g es . 
The r e  we r e  f ract ur es  to the l eft an t e r i. or r i bs num be r ed 2 
t hr ough 8 ,  w i t h  a pa r ti al col l aps e of t he l ef t  l ung . The r e  w as 
a dee p  l ace r at i on to the l eft  l owe r  f or ehe ad wi. t h  a mas s i ve  
haemor r ha ge of t he ant e r i or s u pe r i or as pe ct of t h e  s c alp . The 
dr i ve r  al so rece i ve d  m ul t i pl e  co nt u s i ons , a b r as i ons an d 
l ac e r a t i o ns to t he ehest and t he e xt r emi t i es .  D e at h  w as d u e  to 
br a i n  dam age (MAI S  5 ) . 

The r i  ght - f r ont pa s s  enge r was an 87 -ye ar - ol <1 f em al e ,  160  cm i n  
h ei g ht , and wei g hed 5 4  kg . S h e  s ust a i ned m ul t i pl e  c e r e br al 
co nt u s i o ns ove r the s ca l p ,  and r::a r t i al <1 i sl ocat i on of the 
c e r vi cal s pi ne f r om t he b as e  of t h e  s k ul l w i t h  e xt en s i v e s oft 
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t i s s ue haemor r hage . The r e  was bl ood s ta i n i ng o f  the po s t e r i or 
f os s al s t r u ct ur es ,  and s o f t  t i ss ue h a emor r ha g e  i n  t he pe r i o s t e um 
of the l ef t  f r ont a l  s ku l l . She al so r ec e i ve d  f r act ur es  of the 
r i bs ant e r i o r ly , n um be r s  2 t hr ough 9 o n  t he l eft , and 1 t hr ou g h  
9 o n  t h e  r i ght . The r e  was pe r f or at i on of the pe r i ca rd i al sac i n  
t he ant e r i or w a l l , a s u pe rf i c i al l ac e r at i o n  of t he l ef t  
ven t r i ca l , e xt en s i ve  i nt e r s t i t i al hae mor r hage o f  the po s te r i or 
m e d i as t i n um f r om t he c e r v i cal s pi n e  t o  t h e  r et ro pe r i tone um , 
r i ght haemot hor a x ,  an d a s upe r f i ci al l ace r at i on to the l i ve r . 
T he r e  w as a h o r i zont al a br as i o n  a c r o s s  t he ant e r i or a bd om en 
touc h i ng bot h  i l i ac cr e s ts , a f ul l  th i ck n es s  l ace r at i on t o  the 
l ef t  f or e he ad , and m ul t i pl e  cont us i o ns and a br as i o n s  t o  t he 
ehe s t an d e xt r em i t i es .  D eat h  was due to br a i n  dam age an d 
e xs an g u i n a t i o n  i nt o  t he eh e s t  c a v i t y  (MA I S  5) • 

C as e  S tudy N o . 2 

The cas e ve h i cl e ,  a 197 4 Bu i ck C en t ur y two- doo r s e da n , was 
t r a ve l l i ng s o ut h bound on a t wo-l ane count y r oad . A 1 9 7 7  
I nt e r nat i on a l  pi ck- up t r uc k  was no r t hboun d al ong the same 
r oadway . T r a ve l l i ng d own g r a de , t h e  t r uc k  d r ove o n t o  t h e  
i ce - co ve r ed de c k  o f  a br i dge cr o s s i ng ove r a r i ve r . 'T'he t ruc k 
d r i ve r  l ost d i r e ct io nal cont r ol and h i s  v e h i cl e s ki dd e d  i n  a 
c l oc kw i s e  yaw acr oss the r oadw ay cen t r e l i n e . �he f r ont of the 
pas s en ger c a r  s t r uc k  t he l ef t- f r ont d oor a r e a  of t he pi c k-up 
r es ul t i ng i n  co ns i de r ab l e cr u s h  t o  the s t r uc t ur e o f  both 
ve hi  cl es . 

D es pi t e  the de g r e e  o f  s i de i nt r u s i o n  i nt o  h i s  oc c upant s -pa ce , 
t he l ap- bel t  r es t r a i n e d  t r uc k  d r i ve r  s ur vi ve d  t he i m pa ct w i th 
mul t i pl e  major  f r act ur es  and se r i ou s  i nt e r nal in1 ur i es .  'l'he 
f ul l y- r es t r a i n e d  d r i ve r  of t he c as e  v e h i cl e l oa de d  t he u pper 
po r t i o n  of  the s t e e r i ng whee l r i m  wi t h  he r he ad , ben d i ng t he r i m  
f o rw a r d  and ca us i n g a 3 cm im pr e s s i o n  i n  t he u ppe r i ns t r um en t  
pan e l . Thi s  f or ce f ul he ad co ntact res ul ted i n  a s pec t a c u l ar 
s ku l l  f r a ct ure , b i l at e r al bas al and b i-occi p i t al ( F i g ur es 1 ana 
2) , w i t h t ra n s ect i on of  the ba s i l ar ar t e r y  an d avu l s i on o f  the 
br a i n st em .  D e at h  w as i ns t ant an eous ( MA I S  6 ) . 

Thi s  f em a l e dr i ve r  was 1 5 8  cm ta l l , an d we i gh e d  57 kg . 'T'he 
f r ont s e at w as a dj ust e d  to t he f ul l y- f orw a r d  po s i t i on . 'l' he 
dam age to the f r ont of the cas e  veh i cl e  was i nd i cat i ve o f  a 50 
to 6 0  km/h ba r ri e r e qu i val ent vel o c i t y f or t he c ol l i s ion . I f  
t he dr i ve r  was we ar i ng the ava i l ab l e thr e e- po i nt l ap and t or so 
bel t  cor r e ctly , s he wo uld be e xpe ct e d  to e xpe r i en c e  a f o rw a r d 
e he s t  exc ur s i o n  o f  3 0  t o  3 6  cm , an d a f or w a r d  he ad e xc ur s i o n  of 
5 6  to 6 0  cm .  C o ns i de ri ng t h e  s i z e  of t he d r i ver , t he dim en s i o ns 
of  the occ upan t  s p:tce , t he pos i t i on o f  the dr i ve r '  s se at i n  the 
f ul l y- f orward pos i t i on , i t  is n e c es s a r y  to pr e d i ct s om e  f orwa r a  
or duc k i ng mot i on o f  the he ad pr i or to co ll i s i on i n  or de r to 
a cco u n t  f or t he f or c e  w i t h  whi ch s h e  m a ae head cont a c t  wi t h  t h e  
s t e e r i ng whee l r i m  and i ns t r umen t  pan e l . 
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Fi gure  l Radi ograph  s h owi n g  l at e r a l  v i ew of t h e  b i l ater a l  
b a s a l  a n d  b i - o c c i p i t a l  s k u l l fract ure to  t h e  dr i 
ver  i n  C a s e  Study No . 2 
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F i gure 2 Rad i ograph  s h owi n g  fron t a l  v i ew of  t h e  bi l ate r a l  b a s a l  
a n d  b i - occ i p i t a l  sk u l l fracture  t o  t h e  dr i ver i n  C a s e  
Study No . 2 

1 07 



D is c u s s i o n  

T he s e  two cas es ar e t yp i ca l  o f  a num be r  o f  cas es  i nve s t i qat e d  bv 
t he a ut hor s . T h e y  d emons t r at e  t he pot en t i a l  f or s e v e r e  o r  f at al 
i nj ur y when the s hou l de r  por t i on of the thr e e- po i nt be l t  i s  
d ef e at ed by adve rt ent o r  i na d ve rt en t m i s pl ac em ent . C as e  S t uny 
N o .  1 r ep r e s ent s a no t uncommo n dec i s i o n  0., a f r ont se at 
occu pant to pl a c e  t h e  s ho ul der  por t i o n  of t he bel t i n  t h e  
ax i l l a . The un i n f or m e d  ve h i cl e  occ upa n t  us ua l l y  i us t i f i es th i s  
pr a ct i c e  as pr omo t i ng pe r so n al comf ort and conv eni ence . W i t h  
t he s e at be l t  i n  th i s  impr ope r co n f i gu r at i on , t he oc c upa n t  i s  
f r ee t o  fle x f orwa r d  at t he w a i st and ma ke f or c ef ul he a d  ann/ or 
ehe s t co nt act wi t h  t h e  f r ont i nt e r i or of the ve h i cl e .  'T'he 
m al po s i t io n  of t h e  s houl de r s t r ap w i l l  pr omot e  u pwa r d  t en s io n  on 
the l ap be l t  at the t i me of be l t  l oad i ng , l ead i ng to seve r e  
a bd omi n a l  i nj u r i es ( 1) .  T h i s  m i s pl ac em ent of t h e  s ho ul de r  
po r t i on of the thr e e - po i nt sys tem i s  cor r ect abl e t h r ough 
e d uc a t i on pro gr amm es a imed a t  i nf or mi ng t h e mot or i ng pu bl i c of 
t he da nge r s  of suc h  a mano euvr e .  

C as e  St ud y No . 2 r e pr es en ts a n  i na d ve rt ent pani c d uc ki ng 
mano euvr e t hat pl ace s  the he ad for w a r d  an d dow nwa r d  pr i. or to any 
s u dd en vehi cl e mot i o n  s uch as bra k i ng whi ch wo ul d ha ve enga ged 
t he res t r a i nt sys tem ' s eme r ge ncy l oc k i ng r et r act or . �e l vi c  
cont u s i o n s  i n  t he r e g ion of t he ant e r i or , s u pe r i or i l i ac s pi n es 
w er e  ev i dence of the pr ope r pos i t i on i ng of  the l aP be l t  or i or to 
col l i s i on . I f  t he d r i ver  ha d m a i nt a i n e d  an u pr i g ht oo st u r e  
pr i or to co l l i s i o n  s he wou l d  have e xpe r i en c e d  eno ugh f or w a r d  
e xc ur s i o n  t o  rna ke head cont act wi t h  t h e  st ee r i n g  wheel . F r om 
our r eco ns t r uc t i on , and the known pe r f or m ance of th i s  r es t r a i. nt 
s y st em i n  cr as h es of t h i s  seve r ity , t he he a d  i nj u r i es wo ul d ha v e  
bee n  rn uc h  l es s  seve r e  t h a n  act ua l l y  oc c ur r e d . D r i ve r  educ at i o n  
i s  nec es s ar y t o  a voi d s uch pa ni c m a noe u vr es a s  head d uc k i ng . 

C as e  S t udy N o .  3 

The cas e ve h i cl e ,  a 198 4 Honda J\ cco r d  two- doo r sedan , was 
t r a v e l l i n g  e ast bound al o n g  a t wo-l ane , u n d i vi ded h i g hway . � h e  
ve h i  c l  e r an o f f  the pave d r oa dway s ur f ace and en t e r ed t h e  
s o ut he r n  d i t ch whe r e  t h e  f r ont e n d  s t r uc k  a c ul ve rt . F ol l owi n g  
t h i s  i n i t i al impact the ve h i cl e  roll ed ove r and came t o  r es t  on 
i ts r oof . The ba r r i e r e qui val ent vel o c it y f or t h e i ni t i al 
f r ont a l  impact was es t i mat e d  at 3 0  km/ h . 

The r i g ht- f r ont pas s en ge r  i n  t he c ase ve hi cl e w a s  f ul lv 
r es t r a i ned and ha d the bac k  res t of he r buc k et se at i n  the 
f u l l y- r e c l i n ed pos i  t i on .  As a r es ul t  of the f r ont al im pa ct t he 
occ upa nt sl i d  for w a r d  an d the tor so por t i on of the r es t r a i nt 
s y st em caug ht h e r  u n d e r  t he chin . S h e  s ust a i n e d  a f r a ct ur e  of 
t he l at e r a l  pe d i cl es of C 2  and f r act ur e of the s upe r i or an d 
i nf e r i or a r t i c ul a r  f ac e ts o f  C 2 -C 3 o n  t he r i g ht s i de ( F i g u r e  3) . 
T he r e  was a rni no r s pr a i n  to the r i ght an kl e .  S he was 
uncons c i o us b r i e fl y  and s u bse qu en tly c om pl a i n e d  of pai n to t h e  
ne c k  and s ho u l de r s . S he l os t  f unct i o n  i n  both l eg s  (11'1A. I Ci  3 ) . 
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Thi s i nd i vi du a l  was irnmo bi l i zed and r ecove r y  too k pl ace ove r a 
pe r i od of s e ve r al mont hs . 

F i gure 3 

D is c u ss io n  

Radi ograph  o f  t h e  cerv i c a l  s p i ne  o f  the  
front  p a s s en ger from C a s e  Study No . 3 
s h ow i n g  t h e  h an gman ' s  f r acture  

T h i s f em a l e pa s s en ge r , b e l te d  in  the s up i n e  po s i t i on , s l i d  unde r 
h e r  r es t r ai nt s y st em at t h e  t ime of f r ont al c ol l i s ion . T h e  
s h o u l de r  ha r nes s engage d he r uppe r nec k and ch i n  r es ul t i ng i n  a 
hangm an ' s f r a ct ur e  wi t h  mode r at e  s pi n al c or d dama ge a t  l e ve l  C 2 . 
D i s t ract i on of the uppe r ce r v i ca l  spi ne wi t h  the he ad i n  
e xt en s i on i s  t h e  me cha n i sm em pl o y e d  i n  j u di ci al h an g i ng , 
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ca l cul at e d to t r aumat i ze or seve r the cor d  and cau se i ns tant 
de ath . The me c h a n i sms of s uch i nj u r i es r es ul t i n g  f r om 
aut omobi l e  co ll i s i ons ar e d i s cu s s e d  i n  de t a i l  i n  a com pan i on 
pa per ( 2) .  I f  ve hi cl e m an uf a ct ur e r s  a r e  to con t i n u e  to pro vi de 
f ul l y  r ec l i n i ng buc k et se at s  f or f r ont se at pa s s en ge r s , t hey 
m ust c a u t i on u s e r s  of t h e  i nh e r ent dan ge r s  w h e n  t he v e h i cl e i s  
i n  mot i on . Pos s i bl y  a cr ot ch ha r nes s com ponen t  co u l d be 
i nt r od uced i nt o  t h e  s e at bel t  s y st em a s  i s  don e  i n  F orm ul a 1 
r ac i ng ca r s .  

C as e  S t udy No . 4 

T he cas e ve h i cl e ,  a 198 1  C hevr o l et M al i bu C l as s i c  f ou r  door 
s e dan , w as t r a ve l l i n g  e ast bound al o n g  a two�l ane , ur ban 
ar t e r i al .  The ve h i cl e  s udde n ly vee r ed to the l ef t , t r ave l l ed 
a cr o s s  t he bo ul eva r d  and an i nt e r se ct i n g  r oadway , and i m pa ct ed a 
l ar ge t r ee . Pen et r at i o n  i n t o  the f r ont a l  st r uc t ur e of  the 
ve hi cl e w as m e as ur ed as 7 4  cm; t he ba r r i e r e qui val ent vel o ci.t y 
w as es t i mat e d  at 3 5  km/ h .  

The un r es t r a i ned dr i ve r m ade he ad an d eh es t co nt act wi t h  t he 
l ami n at e d  wi n ds hi el d  and en er q y - a bs or b i ng s t ee r i n g  as s em bl y  
r es pe ct i ve l y . H e  s us t a i ned mode r at e  i ni ur i es t o  the he ad an d 
f ace and mo de r at e  i nj u r i es  to t he ehest ( M:z\ I S  3) . 

T he r i ght f r ont pa s s en ge r was a 30 -ye ar - ol d  f emal e who was 17 4 
cm t a l l  and wei g he d  a ppro ximat ely 6 7  kg . S h e  w a s  we a r i n q  t he 
ava i l abl e l ap and s ho u l de r  be l t ; howeve r ,  a de t a i l ed e xami nat i o n  
of t he wi t n e s s  mar ks o n  t h e  r es t r a i n t  s y st em r e ve al e d  t hat t he r e  
was a co ns i de r abl e amoun t of sl ac k pr e s en t . The pa s s en ge r 
s us t a i ned f r a ct ur es t o  t he l e ft , ant e r i or , l at e r al r i bs n um be r e d  
8 t h r  ough 10 ; a r upt u r  e d  s pl een ; a r upt u r  e d  1 eft l obe of  the 
l i ver  w i t h  a l ac e r a t i o n  of t h e  m ai or br an ch e s  i nto t he v ena 
cava , and haemope r i toneum res ul t i ng in exs angu i nat i on (MA I S  5 ) . 
A l l  of t h es e  i nj u r i es  we r e  at t r i b ut e d t o  l oa d i ng by t he 
res t r a i nt sys tem we bb i ng . 

D i s c u ss ion 

Exc es s i ve  s l ac kn es s  in the res t r a i nt s y s tem i s  a mai or f act or 
cont r i b ut i ng to t he occ ur r en c e  of s e r io u s  i nj ur y to r es t r a i n e d  
occ upa n t s . Loo s en es s o f  the be l t  res u l t s  i n  m agn i f i cat i o n  o f  
t he f or ce a ppl i e d  t o  occ u pant t i ss u es be c a u s e  of t he i n c r e as e d  
t i me of  oc c upan t  f or w a r d  e xc ur s i o n  be f or e t he r es t r a i nt s y s tem 
enga g es t he f orwa r d  mov i n g  h um an body . 

I n  a 50 km/ hou r  f r ont a l  ba r r i er cr as h , t he ave r age pa s s en ge r ca r 
un der go es cr us h i n g  of t he f r ont al s t r uct ur es over a pe r i od of 
about 1 2 0  m i l l i s eco nds wh i l e  the occ upan t  com pa r t ment i s  com i ng 
to a s top ( 3 ) . C r as h t es ts ha ve e s t a bl i s h e d  t hat a pro pe r l y  
wor n r es t r a i nt s y s tem of the t ype ava i l abl e i n  mode r n  ve h i cl es 
w i l l  not be f ul l y  enga ged un t i l ha l f  of t ha t  t ime h as e xpi r ed . 
T h i s  i s  bec a u s e  of  ti me t a ken for the eme r ge n cy l oc k i ng 
r e t r a ct or to f un c t i o n  and l oc k  t he i n e r t i  a r eel , t he f i l m- s pool 
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e f f ect as the we bb i ng t i ght ens on the r e e l , e l onga t i on of the 
we bbi n g  m at e ri al , an d we bbi ng pene t r a t i o n  i nt o  s u rf ac e  l a y e r s  of 
human s o f t  ti s s ue s . 'T'he oc c upa nt t h u s  becom es a f ul l v  
r es t r a i ned pa rt of t he ve h i cl e o nl y  d u r i ng t he l ast  h al f  of t he 
ve h i cl e  cr u s h i ng pha s e ,  and then " ri. de s  down "  the acce l er at i. o n  
f or c es . 

I f  the res t r a i nt sys tem co nt a i ns a s i gn i f i cant amoun t of sl_ ack , 
i t  i s  po s s i bl e  f or t h e  im pro pe r l y  r es t r a i n e d  occ u pant to 
co nt i nue h i s  f or w a r d  e xc ur s i o n  for an exc es s i ve  pe r i od of ti me . 
W h en t he l a x  be l t  we b b i n g  f ul l y  enga g e s  h um an t i s s u es , t he 
pe r i od of  " ri de down "  is  rom pl et ed , or  alme s t  rom ol et e d . 'T'hi s  
r es ul t s i n  an i n cr e as e d  r el at i ve vel o c i t y  bet we en t he v e hi cl e 
and t he occ upa n t , and h i gh e r  ro l l i s io n  for ces be i ng appl i ed 
a cr os s  a na r r ow  band of vul ne r a bl e  h um an an at omy . 

T he un f or t un at e , f em a l e ,  r i. ght - f r ont pa s s en ge r i n  the cas e 
ve hi cl e i nc ur r e d  l if e- t h r e at e ni n g  i nj ur y to h e r  l i ver and dee p 
ve i ns wh i dl  r es ul ted i n  de at h . The po s i t i o n of the be l t , and :

t he f or c e  a ppl i e d  to t he uppe r r i g ht a bd omi n al quad r an t  we r e  
r es po ns i bl e  for th i s  d i s pr opor t i o nat e l y  seve r e  i ni ur y .  I t  was 
chall eng i ng to e xpl ai n  t h i s  t r a g i c de at h to her h us band , t h e  
un be l te d  dr i ve r ,  who rec e i ve d o n l y  mode r at e  i ni ur y .  

CON CL US I ONS 

The r e  i s  ove rwhe lmi ng ev i dence that res t r a i nt svs tem use 
provi des e xc e ll ent pr ot e ct i o n  to vehi cl e occ u pan t s  i n  t he v as t  
maj or i t y o f  co ll i s i o ns ; howeve r ,  ve r y  i n f r e quen t l y  l oad i ng 
impr e s s e d  o n  t h e  occ u pant by t h e  s e at bel t  s y st em i t s e l f  i s  
found to g i ve r i s e t o  se r i. ou s  i ni ur y .  I n  the pr es ent pa pe r , a 
n um be r  of s uch c as es ha ve be en d i s c us s ed . I n  a l l  of t he 
r epor t e d  cas e s , s om e  form of mi s us e  of the r es t r a i nt s ys tem has 
been i den t i f i ed as bei n g  a rn ai or cont r i b ut i n g  f a ct or to t he 
i nj ur i es s us t a i n ed . 

A wor l dw i de pr og r amm e  of res e ar ch i nt o  pr ornot i ng i de al be l. t  
geometry , im prove d s e at d es i gn , and rn et ho ds of e l i mi na t i ng bel t 
s l ac k  h a s  y i el de d  som e i nno vat i ve  dev i ces an d de s i gn s . C an out e r  
s im ul at io n  mod e l s  ha ve be en devel o ped a s  an i ne xpens i v e m e t ho d  
of st udy i ng t h e  dy n am i cs of f ul l y- res t r a i n ed oc c upan t s  i n  
cr as h e s  f or va r i o us com bi nat i o ns of an chor a g e  l o c a t i ons , we bbi. n g  
e l ongat i o n , an d s e at cus h i on s t i f f nes s ( 4 ) . C ons i de r at i on has 
been pai d to va r i o us as pe cts of s e at d es i g n i n cl u d i ng s e a t  
co nt our and s t i f f nes s ( 5 ) . P r ope r pl acem en t o f  anch or po i. nt s , 
and t he ut i li z a t i o n  of we bbi ng cl am ps and py r ot e ch ni c  
pr e t en s i oner s  an d  r et r actor dev i ces have been s t ud i. ed ( 6 , 7) . 
Such de vel o pm en t s  a r e  bei ng pl ann e d  f or o r  i � cl udea i n  s on e  l at e  
mode l motor ve h i  c l  es ( 8) • 

Suc h impr ove d de s i gn s  ar e ve r y  t i me l y  i n  the l i ght of the 
chan g es bei ng broug ht a bo ut wi t h  r es pe ct to r es t r a i n t s y st em 
ava i l ab i l i t y  i n  aut orn o b i  l es , an d the man da t or y  us age 
re qu i r em en 't s  i n  an i n cr e as i n g n um be r  of j u r i s di ct i. ons . 'T'wo of 
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the m a j o r  no r t h- A mer i can man u f act ur e r s  have s tat e d  t he i r  
i nt en t i o n s  to provi de t hr ee- poi nt occ u pant r es t r ai nt s y st em s  i n  
the r e ar - ou t bo a r d  s e at s  of new pas s en ge r ca r s  as s tanda r d  
e qu i pm en t  i n  t he n e a r f ut ure . Vol vo h as r ec en tl y  or od uc ed a 
des i gn for a t hr ee- po i nt be l t  f or the cen t r e- re ar po s i t i on wh i ch 
wi l l  be made a v a i l a bl e  as an a ft e rm ar ke t i t  em ( 9) . S u ch 
de ve l opm en t s  wi l l  br i ng l ap an d s ho u l de r  be l t  or ot ec t i o n  t o  an 
i n cr e as e d  n um be r  of mot or ve hi cl e occ u pants . 

A CKNOWLE CGE MENTS 

The cas e s  repor t e d  i n  th i s  pa pe r have been i nve s t i ga t e d  as pa r t  
of a n um be r  of vehi cl e s af et y  r es e a r ch st u d i es  cond uct ed by t he 
aut hor s • Fun d i ng f or thes e pr og r ammes has bee n  pr ov i de d bt{ t he  
Road S af et y  and Mot or Ve hi cl e R e g ul a t i o n  D i r e ct or at e , T r ans oo rt 
C an ada ( Su r f ac e ) who s e  s uppor t i s  gr at e f ul l y  ack no w l edge d .  The 
coo pe r at ion of a n um be r  of pol i c e  f or c es , corone r s , and 
phy s i ci an s  in pr ov i di ng de t a i l ed i n f orm at i o n  wi. t h  r es pe c t  to the 
c ase col l i s io n s  is a lso gr e a tl y  a ppr e c i at ed . 
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