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In a num be r of mot or ve h i cl e  co l l i s i ons , oc cur r en c e s  of seve r e  
a bd omi n a l  i nj u r i es to r e a r  s e at occ u pan t s  have be en i <l ent i f i ed 
a s  r e s u l t i ng f rom h i gh l oads im oo s e d  by l ao be 1. t res t r a i nt s . 
M i s us e  of t he a va i l a bl e  l a p- be l t  r es t r a i nt s v s t em i n  t e rms of 
exc e s s i ve s l ac k  be i ng pr e s e n t , or imorope r  ol ac e!nent of the l aT;> 
be lt  ove r t he a bd om en p r i or to t he col l i s i on , has be en s h own to 
be a pr i m a r y  cau s a l f actor  for the oc c u r r ence o f  s uc h  i ni ur i. es .  
T h e s e  i nc i d en t s  unde r l i n e  t h e  n eed f o r  impr ove'l\ en t s  i n  t he 
des i gn and co l l i s i on pe r f or'Ti ance of r e a r  seat be 1. t s v s te'Tis , an<l 
t he se a t s  i n  whi ch t h es e  devi c es a r e  i ns t a l l ed . Pu bl i c  
ed uc a t i on i s  a l so r e qu i r ed to h i gh l i ght the co r r ect man n e r  i. n 
whi ch c ur r ent r es t r a i n t s y s t em s  m us t  be used i f  opt i m a l  
co l l i s i on pe r f or m ance i s  to be ach i ev e d . 

INTRODUCTI ON 

I n  ge n e r a l , t he use o f  occupan t  res t r a i nt s  ha s bee n  s hown to 
pr ov i de s ub s t a n t i a l  cr ash pr ot e c t i o n  to ve h i c l e  occ upan t s . By 
co nt r as t , i n  som e co l l i s i ons , s eve r �  abdom i na l  i ni ur i es to r e a r  
s e at occ u pan ts ha ve b e e n  i d en t i f i e d  as r es u l t i n g f r om h i g h  l oads 
to th i s  vu l ne r a b l e ar e a  impo s e d  by l ap be l t  res t r a i nt s . 

T h e s e  i ns t anc es a r e  g ene r a l l y  as soc i at e d  w i t h  s ome f o r'TI of 
m i s us e  of the res t r a i nt sy stem by the i nvo l ved oc cuoa n t . Such 
m i s use c an t a ke t he f o rm of  e xc e s s i v e sl ac k  i. n t h e  s y s t em ,  
and/or imprope r  pl acement of the l ap be l t  or i. or to the co l l i s i on 
e v ent . 

The r e  ar e seve r a l  f act or s wh i ch co nt r i bute to oc cuoa n t s  we ar i nq 
s e at be l t  r es t r a i n t s y s t ems i ncor r e c tlv , i n c l u d i nq unawa r e� es s  
and ca r e l es s nes s . �1 any oc cuoa n t s  ha ve no 1<:now l er'lg e o f  the 
impo rt anc e  of pr o pe r  po s i t io n i ng nf t h e  l a o  be lt , an� s ome 
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oc cupan t s  who ar e awa r e  of the s i gn i f i cance o f  l ap be l_ t 
pl ac em ent negl e ct to ens u r e  t hat t h e  s e at b e l t  we bb i n g  i s  
pr ope r l y pos i t i oned . I nd i vi du a l s  who show som e deg r e e  of 
o be s i t y  m u s t  ma ke a s pe c i al e f f o r t  to ens ur e  t hat t h e  l ap b e l t  
i s  co r r ect l y  pl aced . 

S eat i ng pos i t i on i s  impor t an t : the oc cu r r e n c e  of  sl ouch i ng tends 
to pos i t i on t he l ap be l t  ove r t he a bd om en r at h e r  t han l ow o n  t he 
pe l v i c  g i rd l e .  Occupan t  st at ur e  can be a f ac t o r  i n  th i s  reg a r d . 
T a l l  occ upan t s  may ha ve t h e i r  head ta uch t he r oof or r e a r  
wi ndow , t he i r  knee s  cont act the front s e a t  bac k , an d t h u s  a 
sl o uched pos i t i o n  m us t  be as s umed . � i n a l lv , t h e  we a r i n g of 
bu l ky or he av i l y  pa dde d c l ot h i ng r;>rov i r1e s a lllechan i sm whe r e bv 
t he l ap bel t  c an e as i ly be m i s- pos i t ioned , or a s i g n i f i c ant 
amoun t of sl ac k i nt rod uc e d  i nto the s v s tem . 

Not a l l  of t he pro bl ems as soc i at e d  wi t h  r e a r- s e at l ap be l t  use  
can be at t r i bu t e d  to the act i on , or i nact i on , o f  the oc cupa n t s . 
O ft en , t he geomet r y  of l ap be l t  r es t r a i n t s  i ns t a l l ed i n  t h e  r e a r  
s e at , and the de s i gn o f  the r e a r  s e  at as s em b l  y i t s e  1_ f ,  t en d s  to 
or omot e t h e  m i s u s e  of t h e  r es t r a i n t  s v s t em s  r at h e r  t han 
or ov i d i ng com f or t a b l e and co nven i ent ope r at i on , and opt i m a l  
l e ve l s  of pr ot e c t ion . 

I n  C an ada , a co ns i de r a b l e e f f or t  i s  llloun t e d  to i nc r e a s e  the 
l e ve l s  of s e at be l t  u s a ge by vehi cl e occu pan t s :  howe ve r , s el d om 
i s  muc h  at t en t i on pa i d  to promot i ng the cor r ec t  man n e r  of u s e  of  
s e at be l ts . On an i nd i v i du a l  bas i s , s e at be l t  m i s use c an have 
di s as t r ou s  co ns e quenc e s . Such i ns tances , occur r i ng i n  
col l i s i o ns r ec e i v i ng wi d es p r e ad me d i a at t en t ion , c an a l so ha ve a 
s u b s t an t i al neg a t i ve impact on oromot i on a l  prog r alllm es . I t  i s  
im pe r at i ve ,  t he r e f ore , t hat the cor r e ct u s a g e  of occupant 
res t ra i nt s  be v i go r ou s l y  promot e d . 

S ame of t he pro bl ems as soc i at e d  wi t h  t he us e of  l ap be l ts bv 
r e a r  s e at oc c upa n t s  ar e h i gh l i gh t e d  by s t ud i es of r e a l_- wor l d  
col l i s i o ns whi ch have been i n ves t i g at ed by t h e  a ut h or s . 

CAS E ST UD I E S  

C as e  S tudy No . 1 

The cas e  ve h i cl e ,  a 198 1 'l'oy o t a  C or ona , wa s t r ave l l i ng 
nor t hbound on a two-l ane , undi vi ded h i g hway . A 1 9 5 2  F or r1  
p i ck - up t r uc k  wa s trave l l i ng i n  the oppos i t e  d i r ect i on on the 
s ame r oa dway and was appr oach i n g a s har o c ur v e  to t he r i g ht . 
The t r uc k ' s  dr i ve r  l os t  co nt r o l  wh i l_ e  at t e m pt i ng to negot i at e  
t he c ur ve on t h e  wet r oadway s u rf ace . 'l' h e  t r uc k  cr o s s e d  t he 
roadway cen t r e l i ne and the two veh i cl es co l l i de d  i n  an o f f s e t , 
he a d- o n  im pa ct . 

T he r  e was di  r ect co ntact acr o s s  81 cm of the 1 eft - f  ront end of  
t he pas s en ger  c a r , t h e  ma xim um cr ush be i n g  llle as u r ed as  99  cm a t  
t h e  ve h i cl e '  s l ef t - f r ont co r ner . 'T'he ba r r i er e qu i va l ent 
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ve l oc i t y  for th i s  ve h i cl e  i n  the co l l i s i o n  was es t i mat e d  to be 
i n  t he r an ge 3 2  to 4 8  km/h . 

T he dr i ve r  of the �oyot a and the r i ght - f r ont oa s s enge r we r e  bot h  
f u l l y- r es t r a i ned , 6 3 - ye a r- o l d  m al es . The d r i ve r  s us t a i n e d  
mu l t i pl e  f ract ur e s  of the e xt r em i t i es (MAI !=;  3 )  � the r i ght - f r ont 
pas s enger r e c e i ve d  o nl y  mi nor b r u i s i ng ( MA I S  1) . 

A 6 3 -ye ar - ol d  f em a l e i n  the l ef t - rear  se at i ng oo s i t i on was 1 5 2  
cm t al l , wi t h  a m as s  of 4 0  kg . S h e  w a s  we a r i ng t he a v a i l a bl e  
l ap be l t  and s us t a i ned a s pr a i ned an k l e an d mi no r  b r u i s i ng 
( MA I S  1)  . 

The r i ght - re a r  pa s s enge r was a 6 8 -ye a r - ol d  f em a l e .  �he was 18 3 
cm i n  h e i g ht , and had a m a s s  of 7 2  kg . T h i s  pas s en g e r  was a l so 
w e a r i ng the ava i l ab l e  l ap- be l t  res t r a i nt . q he r ec e i ve d  f at a l , 
a bd omi n a l  i nj u r i es ( MA I S  6 )  as a r es ul t  o f  l oa d i n g  impr e s s ed bv 
t h e  res t r a i nt s y s tem . 

At autops y , t he abdom en s howe d  a t r an s ve r se ar e a  o f  bru i s i ng 
e xt end i ng f r orn  t he r i g ht to t he l e f t  i l i ac c r est , and a r e as of 
a b r a s i on , m e as ur i ng 8 cm x 5 cm , ove r the i l i ac cr es t . 'T'he r e  
w as a f r a ct ur e- d i sl o c a t ion at L3 - L 4 , a t ar n  a bd omi n al a o r t a , 
mas s i ve r e t rope r i t one a l  and pe r i - ren a l  haemo r r hage , and 
e xt ens i ve m es ent e r i c  h a emor r ha ges . The occ upant a l so r ec e i ved a 
l ac e r at i on i n  the i n f er i or s ur f ac e  o f  the l i ve r , a l ace r at e d  
s pl e en , m ul t i pl e  cont us i o n s  t o  t he l un g s  w i t h  b i l at e r al 
haemot hor a x ,  an ext en s i ve s uba r achno i d haemor r ha g e , and m ul t i pl e  
a b r as i o ns to t he f or ehead and e xt r emi t i es .  The r e  we r e  no 
i nd i ca t i ons of br u i s i ng ove r  the pe l vi c g i rd l e .  

Bot h l ap be l t  r es t r a i n t  s y st ems we r e  r emoved f r om t h e  o ut bo a r a  
r e a r  se at i ng pos i t i ons of the cas e  ve h i cl e  for exam i nat i o n  and 
t es t i ng .  T he ve hi cl e s ens i t i ve , eme r g ency l oc k i n g  r e t r act or s on 
bo t h  res t r a i nt s  we r e  found to be f unc t i on i ng cor r ec t l y . 'T'he 
s e at be lt an cho r a ge l oc a t io n s  f or t h i s  v e h i cl e we r e  a l so 
det e rm i ned to com pl y wi t h  the pr ov i s i ons of C an ad i an Mot or 
V e h i cl e S af ety S t a n d a r d  210  - S e a t  Be l t  A s s em bly Anch o r a g es . 

A de t a i l ed e xami nat i on of the r i ght - re a r  se at be l t  we bb i ng c H d  
not r e ve al any l oa d i ng mar ks  r es u l t i n g  f r om r el at i ve mo t i on 
be tween the oc cup a n t  and the we bb i ng . Th i s  f i nd i ng , coup l ed 
w i t h  t he f a ct t hat t he pat hol og i st di d no t i d ent i f y  any b r u i s i ng 
be l ow  the i l i ac cr es ts , s t rong l y  s ugge s ts that the l ap be l t  was 
imprope r ly pos i  t io n e d  on the a bd om en p r i or to impact . 

C as e  S tudy No . 2 

The cas e  ve h i cl e ,  a 19 8 1  Honda Acco r d  fou r  door sedan , was 
t r a ve l l i ng s o ut hbo und on a two-l ane , undi v i ded r oa dway . A 1 9 7 5  
J ohn D ee r e  t ractor  e qu i ppe d wi t h  a ba c k - hoe was oa r ked ag a i ns t 
t he west c ur b . The r i g ht- f r o nt corn e r  of t he c as e  vehi cl e 
im pact e d  the l eft - r e a r  whee l of the t r actor . 'T'he cr u s h  to the 
c ase ve hi cl e was .  5 8  cm , me as u r ed at the r i g ht- f r o nt bum per . The 
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e qu i va l ent ba r r i er s pe e d  f or the veh i cl e  wa s es t i mat e d  at 2 4  t o  
3 2  km/h . 

The dr i ve r  and r i. ght - f r ont oas s enge r of the ca s e  ve h i cl e  we r e  
bot h  el de r l y  m al es of 6 9  and 6 8  y e a r s r es pe ct i ve l y ; bot h we r e  
f ul l y  r es t r a i ned . The dr i ve r  rec e i ve d  a co nt u s i on and s t r a i n  to 
the r i g ht hip ( MA I S  1)  . The r i g ht- f r o nt pas s en g e r s us t a i n ed 
br u i s i ng as a r e s u l t  of se at be l t  l oa d i ng (MA. I S  1 ) . 

The l e ft- r e a r  pas s enge r i n  t he c as e  v e h i cl e w as a 5 8 - y e a r-old 
fem al e .  S he was 15 2 cm ta l l  and we i gh e d  82 kg . S he r ec e i ve d  
s e v e r e  cont u s i o ns t o  t he a bd omi n a l  wa l l  f r om l oa d i ng by t he 
l ap- be l t  we bb i ng (MA I S  3 ) . 

The r i ght - re ar pas s en g e r was a 64 -ye a r - ol <'!  f em a l e ,  1 5 5 cm ta l l , 
and wei g h i ng 8 6  kg . S h e  was a dmi t t e d  to hos p i t a l  w i t h  he a d  and 
abd om i n a l  i nj ur i es wi t h  mas s i ve  i nt r ape r i. t o n e a l  haemo r r ha g e  and 
e xp i r e d  s ome 1 7  ho ur s l at er . 

D ur i ng an i ns pect i on o f  the cas e  ve h i cl e  it  was not e d  t h a t  t he 
upper an cho r a ge of t h e  r i g ht- f r ont r es t r a i n t  s y s t em had be en 
move d ve r t i ca ll y  down the B-pi l l ar i n  or d e r  to mod i f y  the 
se at- be l t ' s geometry . A head cont a ct by the r i g ht- r e a r  o cc u pant 
was ev i de n t  on the uppe r ancho r ag e  o f  the r i ght - f r ont res t r a i nt 
s y st em .  Th i s  co nt act r es u l t ed i n  a l ac e r a t io n  to t he r i g ht 
t em pl e ,  an ext en s i ve  s uba r ach no i d haemor r hage , and m ul t i pl e ,  
mi cr os co pi c , c e re b r al co nt us i o ns . 

I nt e r act i on wi t h  t he l ap be l t  we bb i ng pr oduc ed e xt e n s i ve 
m es en t e r i c t e a r s , m as s i ve i nt r a pe r i to n e a l  and r e t ro pe r i tone al 
haemor r hage s , and e xt en s i ve te ar s i n  the an t e r i or and pes te r i. o r  
a bd omi n a l  wa l l  ( MA I S 5 )  . 

T he i nve s t i gat i ng po l i ce o f f i ce r  found the r i ght - re a r  pa s s enge r 
wi t h  t h e  l ap be l t  l o c at ed acr o s s  t h e  s of t  a bd omi n al a r e a . 
S ub s e qu en t l y , a ca r e f ul e xami nat i on o f  the oc cupan t ' s  l ap be l t  
d i d not pr ovi de any i nd i c a t io ns of r el a t i ve mo t io n  bet we en t he 
occ upan t  and t he we bb i ng . 'J:'he pa t ho l og i s t co n f  i rm e d  that the r e  
w as no e v i d ence of b r u i s i ng bel ow t h e  i l i ac c r es ts . I t  was 
co nc l ude d ,  t he r e for e , t ha t  the l ap be l t  was impr ope r ly 
pos i t i oned p r i or to im pa ct . 

C as e  S t udy N o . 3 

The cas e  ve h i cl e ,  a 19 8 4  Vol kswagen J et t a , was t r ave l l i ng 
e ast bo und al ong a two-l ane , undi vi ded h i g hway . The d r i ve r  of a 
1 9 7 7  Mer cur y M ar qu i s , i ntend i ng to tur n l ef t  and t r ave l 
west bo und o n  the h i g hway , l ost d i r e ct ional co nt r ol wh i l s t  ma k i n g  
the t ur n .  The M ar qu i s  sl i <'!  i nto the eas t bound l an e  an d was 
s t r uc k  i n  t he c ent r e- r i g ht s i de by the f r o nt of t h e  J e t t a . 

The cas e  ve h i cl e  rec e i ve d  a br oad f r ont a l  ct' u s h  mP.as ur e d  as 52 
cm at t he l e f t- f r ont cor n e r  and 2 6  cm at the r i g h t - f r ont c o r n e r . 
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The ba r r i. er e qu i va l en t  ve l oc i t y  f or th i s  ve h i cl e  was es t i mat e d  
as 3 9 to 4 8 km/h . 

T he 76 -ye ar - ol d  mal e dr i ve r  of the cas e  ve h i cl e  was f ul l. y  
r es t r a i n ed .  The r e  w a s  l oa d i ng of t he d r i ve r ' s  s e at bac k a s  a 
r es u l t of co ntact by the l ef t - r e a r  pas s en ge r . The dr i. ve r  st ruc k 
t h e  st ee r i n g as s em bl y  and i ns t r um ent pan el and s us t a i n e d  a 
com pr e s s i on f r act ur e of  L l , and l ac e r at i ons to the l ef t  arm an d 
both kn e es ( MA I S 2) • 

The r i ght - f r ont pas s en ge r was a 57 -ye a r - ol d  f em a l e 1  she was al so 
f u l ly r es t r a i n ed .  T he r e  was he avy f o rw a r d  l oa d i ng of t he 
r i  ght - f r ont se at bac k  as a res u l  t of co ntact by the r i.  ght - r e a r  
pas s enger . T h e  r i g ht- f r ont occupant r ec ei ved m ul t i pl e  f r act ur es  
t o  the r i bs on the l eft  s i de , a punc t ur ed r i ght l ung , pu lmo na r y  
cont u s i o ns , a f r a ct ur e d  l e f t  w r i st and br u i s i n g  a cr o s s  t he 
pe l vi c  g i rd l e  (MA I S  4 ) . Bot h  r e ar - se at f?aS S enge r s  we r e  el. de r ly 
f em al es .  Bot h we r e  r es t r a i n ed by t h e  a v a i l a bl e  l ap bel ts , and 
bo t h  we r e  f at a l l y  i nj ur e d . 

The l ef t - r e a r  pa s s en ge r was 65 ye a r s  ol d ,  16 8 cm i n  he i. ght , and 
wei g h ed 6 4  kg . S h e  s us t a i n e d  s c at t e r e d  a b r as i o n s  acr o s s  t he 
f ac e  wi t h  as soc i at ed l ac e r at i ons of the m uc o s a l  sur f ace s  of bot h  
l i ps . The r e  we r e  b i l at e r al co nt us i o n s  t o  t he c e re br al 
hem i s ph e r es . A so ft ti s s ue i nj ur y to the l & e r  abd om i n a l  wa l l 
w as not e d  as b e i ng c an pa t i bl e  wi t h  a se at be l t  i nj ury . '1'.' h i s  w a s  
as s oc i at e d  w i t h  r up t ur e of the abdom i na l  aor t a , m ul t i pl e  
i nj u r i  es to t h e  sm a l l  b owel and m es ent e r y  of t h e  sm a l l  bowel , 
and e xt en s i ve  i nt rape r i t o n e a l  and r e t r ope r i t o n e a l  haemor r hage s 
( MA I S  5 )  . 

The r i ght - re ar pa s s en ge r was 6 8  y e a r s  ol d ,  1 5 3  cm ta l l , w i t h  a 
m as s  of 6 1  kg . The r e  w as no a uto ps y  pe r f o rm e d  on t h i s  
ind i vi dua l � howeve r , the at t en d  i ng phy s i c i  an i nd i cat e d  that 
t he r e  w as b r u i s i ng ove r t h e  i li ac cr e s t s  w i t h  a com pr e s s i on 
f r ac t ur e  at C 5 -C 6 . A rupt ur e of the abd om i na l  aor t a  was 
s us pe ct ed . The pel v i s  w a s  f r a ct u r e d  on bot h  s i des ( MA I S  5 ) . 

No ev i de n c e  of subm ar i n i ng o f  the r e a r  se at oc c upan t s  unde r 
t he i r  l ap be l t  r es t r a i n t s  w a s  i d en t i f i ed . I t  was  con cl u de d  t hat 
the l ap be l ts we r e  imprope r l y pos i t i oned pr i or to the co l l i s i o n �  
h owe ver , i n  t he c as e  of t he r i g ht- re a r  occ u pant , t he b i l at e r a l 
f r act ur e s  to the pe l vi s  may have a l 1. &ed the be l t to impi nge 
onto t he a bd om en . 

C as e  S tudy No . 4 

The cas e  ve h i cl e ,  a 197 6  O l dsmo bi l e  C ut l. as s  four  doo r sedan , was  
t r a ve l l i ng west bound al o n g  a two l ane , undi v i ded h i g hwav . T h e  
dr i ve r  o f  an oncom i ng ve h i cl e ,  a 19 7 1  C he v r o l et I moa l a  two doo r 
ha r dtop , l ost  d i r e c t i o n a l  con t r ol and t h e  two vehi cl e s col l i ded 
he ad on . The cas e  ve h i cl e  rec e i ve d  a br oad f r ont a l  cr u s h  
me as u r ed as 8 9  cm at t h e  l e f t  f r ont end and 1 0 2 cm at t he r i g ht 
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f r ont end . The ba r r i er equ i va l en t  ve l oc i t v  f or the cas e  ve h i cl e  
i n  t h i s  col l i s io n  was e s t imat ed at 6 0  km/h . 

A ll si x oc c upa n t s  of the cas e ve h i cl e  we r e  f at a l l y  i n"i ur ed . 'T'he 
occu pan ts of i nt e r e s t  to o ur c ur r ent d i sc u s s ion we r e  t h e  t h r ee 
r e ar se at pa s s en ge r s  who we r e  a l l  l ap be l t  res t r a i ned . Each o f  
t h es e  occ u pan t s  s us t a i n ed head and/ or eh e s t  i ni u r i e s ;  h owe ver , 
t he cau s e  of de at h i n  each cas e  was seve r e  abdom i na l  t r aum a 
r es ul t i ng f r orn l oa d i ng by t he r es t r ai nt s y st em .  I n  a l l  t h r ee 
cas es mi s us e  of the ava i l abl e l ap be l t  res t r a i nt was att r i. bu t e d  
to t h e  se ve r e i nj u r i es s us t a i n e� . I n  two c as es , a co n s i de r a bl e  
amount of sl ack was p r e s en t , a l l owi ng at l eas t one o f  the 
occ u pan ts to s u bm a r i ne unde r t he bel t . I n  t h e  t h i r d  c as e  t he 
l ap be l t  was found to be pos i t i oned too h i qh , be i ng l ocat e d  
a c r o s s  t h e  a bd om en , a bove t h e  i l i ac cr e s t s . 

A de t a  i l  ed e xarni n at i on of  the r e a r - se at 1 ap be 1 t s  was co nduc t e d  
i n  or de r t o  i d en t i f y  t h e  mann e r  i n  whi ch t h e  r es t r ai nt s y st erns 
wer e  used . Loa d i ng rn ar ks on the se at - be l t  we bb i ng f r orn the 
l oc k i ng ba r i n  t h e  tongue i ndi c at e d  t h e  a dj ust e d  l en gt hs of t he 
cen t r e - r e a r  and r i ght - rear l ap be l t s . Reco ns t r uc t i on of  the 
s e at bel t  geornet r y  us i ng an e xem pl ar vehi cl e r e ve al e d t hat a 
co ns i de r abl e amount of sl ac k was or e s en t  i n  the s y s terns . 
Abr as i o n  mar k s  l o c at e d  o n  t h e  we bbi n g  of t he c en t r e- r e a r  l ap 
be l t  we r e  i nd i cat i ve of s ubrn ar i n i ng by th i s  oc c upan t . No 
l oadi ng m ar k s  we r e  i d ent i f i ed o n  t h e  l e f t- r e a r  l a p  bel t ;  
howeve r ,  s i gn i f i cant bru i s i ng was i;> r e s ent acr o s s  the abdorn en an d 
a bove t he i l i ac cr e s t s  of t h e  occupant . I t  w a s  con c l u d e d  t hat 
t h i s  occ upa n t ' s l ap be l t  was impr ope r l y oo s i t i o ned pr i. or to 
im pa ct . 

T he l ef t - r e a r  pas s en ge r was a 43 -ye ar - ol d  f em al e .  c;he was 
appro xim at e ly 1 6 8  cm i n  h ei g ht and wei g hed 6 6  kg . 'T' h i s  o cc u pant 
s u s t a i. ned co nt u s i o ns to the l ar ge i nt e s t i ne , l i ve r , s i;>l een , and 
r i g ht a bd omi n a l  wa l l ;  t r anse c t i o n  of t h e  ; ej un um;  a l ac e r at e d 
mes en t e r y ; and a f ract ur e wi t h  pa r t i al sepa r at i on of  l um ba r  
ve rte b r ae L 2  and L 3  ( MA I S  4)  • 

The cen t r e- r e a r  pa s s enge r was a 20 -ye a r - ol d  f em a l e .  S he was 
a ppro ximat e ly 1 6 3 cm t al l  and wei g hed 6 4  kg . T h i s  occ u oant 
r ece i ve d co nt us i ons to the s tom ach an d to the srn a l l  an d

-
l ar ge 

i nt es t i n e s ;  l ac e r at i o n s  to t he l e ft and r i g h t lo bes of t he 
l i ve r , r i ght k i dn ey , an t e r i or abd om i na l  mus cl es , osoas m us cl es , 
and wa l l  of t he aort a ;  a r u pt ur e d  s pl e e n ;  and a f r act u r e  of t he 
l urn ba r s pi ne at T_,3 w i t h  as s oc i at e d  co r d  damage (MAI S  5 ) . 

The r i g ht- r e a r  pas s en ge r  was a 4 7 - y e a r- ol d  f em al e , wei g h i ng 
app r o x i mat e l y  52 kg and 16 5 cm ta l l . c; he s us ta i ned l ace r at i o ns 
to t h e  t r ans ve r se col on , sm a l l  i nt es t i n e  and s pl e e n ;  a r u pt u r e d  
mes en t e r y ; com pl et e t rans ect i o n  o f  the ao r t a  i n  the l urn ba r ar e a ;  
and compl et e  t r ans e ct ion of t he l urn ba r  s pi n e  be twe en L 2  and L3 
(MA I S  5 )  . 
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DI S aJSS ION 

The s e  fou r  cas es ar e arno ng som e ot the mos t  seve r e  f r ont a l  
co l l i s i o n s  i nv es t i g at ed by t he a ut h or s i n  whi ch l a p- be l t e d r e a r  
occupa n t s  have s us t a i ned l_ i f e- thr e at en i ng i ni ur i. es d i r ect l y  
r el at e d  t o  occ u pa n t  i nt e r a c t i o n  wi t h  t h e  two- poi n t  l a p  bel. t .  

We have f oun d that the seve r i t y o f  the i ni ur y i s  rough l y  r e l at e d  
t o  t he o ve r a l l  cr as h s e ve r ity . Whe r e  seve r e  o r  l if e- t h r e at eni n g  
i nj ur y ha s bee n  i den t i f  i ed i n  l o.ve r  S ?ee d  cr as hes , t he s e  
i nj u r i es a r e  a lmest a l wa y s  r el at e d  to mar kedl y e xc e ss i ve bel t  
sl ac k i n  corn bi nat i on wi t h  poo r be l t  ?Os i t i on and / or oc c upan t  
s u brn a r i ni ng unde r t he ver y  sl ac k belt . M a cK ay ( 1 ) h a s  s ug g e s t e d  
t h a t  s ubrn ar i n i ng unde r t h e  l ap be l t  co u l d be a ve r y  i mpor t an t  
i nj ur y  m e c h a n i srn f or r e a r- se at occ u pan t s  whe r e  t he bac ks o f  t h e  
f r ont se at s us ua l l y  pr ov i de neg l i gi bl e  r e s i s tance t o  f or w a r d  
t r a ve l  of t he kn e es . New r ese a r ch t e chni qu es a ppl i e d  t o  cr as h  
t es ts may as s i s t  i n  co n f i rm i ng th i s  suppos i t i on ( 2 ) . 

A n um be r  of i nv e s t i g a t or s have i d en t i f i ed e xc e ss i v e sl ac kn e s s  i n  
the r es t r a i nt s ys t em as a maj or f actor co nt r i. but i ng to impr ope r 
pos i t i o ni ng of t h e  l ap bel t . S uch l oos en es s  a l so cont r i b ut es to 
i nj ur y seve r i t y . The be l t  f a i l s  to en gage the forw a r d - rrov i ng 
h um an bod y  e a r l y i n  t he col l i s i o n  e v ent , and w h en , e v ent u al l_y , 
t h i s  do es oc c ur , t he pe r i od o f  ve h i cl e  cr u s h  i s  mo s t l y  com ol et e . 
T he occu pant t h u s  f a i l s  t o  " ri d e- d own" t he col l i s io n  as a 
r es t r a i ne d  pa r t  of the ve h i cl e .  Th i s  res u l t s  i n  an i nc r e as e d  
r el at i ve vel o c it y  bet we en t h e  occu pant and t he v e h i cle , and 
hi ghe r  co ll i s i on for ces ar e app l i ed acr oss a nar r ow ban d  of 
vul ne r a bl e  h um an a n a t any , w i t h  d i s as t r o us r es ul. ts  to 
i n t r a - abd om i na l  or gans . 

W hen the l ap be l t  i s  prope r l y oo s i t i o ned be l oo  the an t e r i or 
s u pe r i or i l i ac s pi n es , wi t ho ut any s i g n i f i c ant sl ac k i. n  t he 
sy s tem , t he occ upan t  i s  f r e e  to fl ex f or w a r d  at the wa i s t . 
W h il e t h i s  a r r a n g em ent pe rmi t s  co nt act of t he he ad , a rms , and 
uppe r tor so wi t h  the f r ont se at bac k ,  t h i s  co nt act i. s  al.mos t  
al way s m uch mor e f or gi vi ng t han t he uppe r body cont act t hat 
wou l d  be e xpe r i enced by the un be l. te d  r e ar se at occ upa n t . r.v hen 
t he l ap bel t i s  pro pe r l y  pos i t ioned at t h e  t im e  of a hi g h­
ener gy , f r ont a l  co ll i s i o n , t he be l ted occ upa nt wi l l  mar kedl y 
fl e x  or " j ac k- k n if e" h i s  bod y a r ound t he r e s t r a i n i n g  two- poi nt 
be l t . Thi s  ext reme l ooe r  t r un k f l exi on mano e u vr e dem ands f ai r l y 
s u ppl e anat any or d i s r upt i o n  to t he l um ba r  s pi. n e  w i l l  occ ur ( 3 ) . 
When the l ap be l t  i s  i n  pr ope r pos i t i o n on the pe l vi s , s uch 
l owe r t r un k  fl e x i o n  wi l l  i n cl ude pel vi c r ot a t i o n  on t h e  f emor al 
he ads , and fl exi on of al l f i ve l um oo r  ve r t e b r ae , o n  each ot h e r , 
as we l l  as o n  Tl 2 and S l . W h en t h e  l a p bel t i s  r i d i n g  hi g h  on 
t he abd om en , t h is mar ked for w a r d  fl exi on wi. l l be res t r i.  ct e d  to 
t he uppe r one or two l um ba r  ve rt e br ae , whi ch wi l l  r es ul_ t  i n  
di s r upt i on of the l um ba r  s i;:>i n e , and co r d  i ni ur y , at th i s  l eve l . 
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C arn pbe l l  ( 4 )  r ecent l y  r ev i ewed the l i t e r at ur e  on t he 
e f f e c t i v en ess of r e a r  se at l ap be l t s  i n  cr as h i nj ur y  r e d u c t ion . 
H e  po i nt e d  out tha t  all  of the m ai or st ud i es rev i ew e d  ag r e e tha t  
l ap be l ts a r e  of s u bst an t i al  ove r al l  ben ef i t  i n  r e d uc i ng cr as h  
inj ur y among r e ar seat we a r e r s .  I t  was cl ear f rom th i s  rev i. ew 
t h at r e a r  s e at l ap be l t s  r e d uc e  s e r io u s  i n"j ury by a bo ut 4 0 % as 
com pa r ed w i t h  un be l te d  rear occupan t s . 

He h as e ff e ct i vely chall e n ge d  a pos s i bl e  m i s i nt e r pr et a t io n  of 
the recent N at i ona l "!' ran s por t at i on S af et v  Bo a r d  s t udy ( 5) i n  
whi ch t h e  e f f e ct i ven e s s  of r e a r  se at l ap be l t s  w as ques t ioned . 
T he dat a  an a ly z ed has l ed C arn pbe l l  to conc l ude tha t  at h i gh 
l e ve l s  of cr as h s e ve r i t y t h e  l ap be l t  may be mor e l i k e l y  t han 
the l ap/ sho u l de r  be l t  to be at i t s  l im i t  of pr otect i on .  'T'h i s  
l e a ds h im to concl u d e  t hat l ap/ s ho ul der  be l t s  i n  t h e  r e a r  se at 
wou l d  prov i de i nc r eas ed prot ect i on beyond t ha t  now a f f or d e d  bv 
l ap bel t s  alone . 

I t  i s  encour ag i ng t ha t  som e N or t h-Amer i can aut om o bi l e 
m an uf a ct ur e r s  ha ve f ol l owe d t h e  E ur o pe an i ni t i a t i ve and , i n  t he 
ne a r  f ut ur e , w i l l  be i ns t a l l i ng t hr e e - po i nt be l ts i n  t he 
r e a r- o ut boa r d  se a t i ng pos i t io ns of al l n ew pr od u c t ion pas s en ge r  
ca r s .  Thi s  progr amm e wi l l  l eave a s i gn i f i ca n t  p r o por t i on of 
c a r s  o n  t he r oa d  o ve r  the ne xt decade wi t h  two- poi nt bel t s  i n  
t he r e a r  s e at . C arn pbe l l  not es  tha t anchor po i  nts ar e ava i l abl e 
i n  mos t pr od u c t ion c a r s f or t h e  i ns t al l a t i o n  of  l a p/ s ho ul de r  
be l ts i n  t he r e a r  seat at t he own e r s '  i n i t i at i ve .  Vol vo has 
r e c en tly r e po r t e d  on a d es i gn of a t hr ee- poi nt r es t r a i nt 
s u i t abl e f or i ns ta l l at i on i n  the cent r e - r e a r  s e at i ng po s i t i on o f  
t h e i r  ve hi cl es ( 6 ) . 

T hr ee- po i nt , l ap and s hou l de r  be l ts i n  the r e a r  se at wi l l  
p r e vent e xc es s i ve f o rw a r d  e xc ur s ion of t he he a d  and uppe r t or so , 
s o  mod if y i ng t he i ni ur y mechan i sm s  de s cr i be d  above . Recogn i. zi ng 
t he dan ge r s  as so c i at e d  wi th be l t  sl ac k , bel t m al po s i t ion , and 
t he absence of a knee bo l s t e r  ( 1 ) , i t i s  i nc um be nt on 
m a n uf a ct ur e r s  to co n t i n ue i m pr ov i ng t he g e om e t r y  of t h e  l ap belt  
to pr event de s i gn - i nd uc e d  oc c upa n t  er r or s in  the l ap be l t  
pl ac em e nt . A r ec ent s t udy , and d es i gn e xe r c i se , along t h es e  
l i nes has rec en t l y  bee n  co nduc t e d  by BW.'7 ( 7) . As an a i d  t o  
qu an t i f y i ng se at be l t  f i tm ent , C ana d i an r es e ar che r s  h a ve 
p r od uc e d  a be l t  de pl oym ent tes t de v i ce ( 8) .  · 

O ur s t ud i es wo ul d co nc ur wi t h  t he an al y s i s and co n cl u s i o ns by 
C am pbe ll , att es t i ng to the adv i s ab i l i t y o f  we ar i. ng t he l ap be l t  
i n  t he r e a r  se at of c a r s , i f  t h at i s  t h e  o nly b e l t  s y s t em 
ava i l abl e .  The i nj ur y k i nem at i cs out l i ned above l ead us to 
s t r on g l y  s u ppo r t  C amp be l l ' s a dvi c e  to we a r  t h e  l ap belt as l ow 
as po s s i bl e ,  and as snug l y  as oos s i bl e .  
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