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I ntroducti on 

The data bank of the Acc i dent Uni t at B i rmi ngham Uni vers i ty has been accumu l ated 
over a pe ri od  of 8 years and cons i s ts of more than 2 200 i n- depth cases i nvol v i ng 
veh i c l e  occupant i nj u ry .  Duri ng th i s  t i me case se l e ct i on cri teri a appropri ate 
to the s tu dy of both seri ous and fatal acci dents , and acci dents i n  whi ch seat 
be l ts have been worn have been emp l oyed .  The consequences of these several 
cri teri a are that the who l e  s amp l e  cannot be used to e s tab l i sh the frequency of 
parti c u l a r  i nj u ries  amongst  the car occupant casual ty popu l ati on . However ,  
those, susta i n i ng seri ous o r  fata l i nj u ry have not been systemati ca l l y  excl uded 
from the s amp l e  at any s tage and thus patterns and causes of i nj ury for thi s 
g roup of peop l e  can be meani ngfu l ly  e xami ned . 

The i n tention  of the present  study i s  to e xami ne the nature of l ower l i mb i nj u ry 
amonsst  seri ous ly  or fata l ly i nj ured car occupants i nvo l ved i n  fronta l  i mpacts . 
The analys i s  provi des i nformati on for compari son wi th cadaver and dummy work 
and  for consi derat i on by those i nvo l ved i n  l eg i s l at i on .  Frontal  i mpacts have 
been s e l e cted for s tudy because mos t  recen t  work conce rned wi th cadaver toler·· 
ance tes t i n g  o r  dummy i nj u ry cri teri a has attempted to s i mu l ate the effects of 
d i rect b l ows to the knee , as  frequently e xperi enced i n  frontal s .  Thi s  fi e l d  
samp l e  i s  therefore des i gned t o  p rovi de i nformati on di rectly rel evant to that 
cond i t i o n .  

Structure o f  the Sample 

The samp l e  s e l ected for ana lys i s  i nvol ved f i ve mode l s  of vehi c l e . 
se le cted because re l a t i ve ly l arge n umbers of e xamp l es of each were 
on fi l e  a n d  thus the n umbe r  of veh i c le  vari ab les , i n  terms of knee 
des i g n , was kept to a mi n i mum cons i stcn t wi th havi ng  an accepta b l e  
cases for ana lys i s .  The makes and  moae l s  of vehi c les  se l ected are 
Appendi x 1 .  

These were 
ava i l ab l e  
i mpact area 
number of 
descri bed i n  

I mp acts w i th a d i recti on of force between 1 1  and l o ' c l ock h ave been chosen and 
these cases contai n 1 81 dri vers and 77 front seat pas sengers who recei ved an 
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1 nJ ury of AIS 2 or  more i n  any body area . Thi s sel ecti on cri teri a based on the 
occupants ' h i ghes t AIS s core approxi mate ly corresponds wi th sel ecti on based on 
the offi ci a l  U . K .  seri ous and fata l categories . Tab l e  l g i ves the sex di stri 
buti on for those who d i d  or  d id  not suffer a l ower l i mb fracture or di s l ocati on 
by seati ng pos i ti on .  The predomi nance of male dri vers i n  thi s  samp l e  i s  appa
ren t  whi l e over h a l f  the front seat pas sengers were fema l e . There was no di ffer
ence i n  the sex di s tri buti on of those who di d and di d not suffer a l ower l i mb 
fracture or d i s l ocat i on i n  each front seat i n g  pos i ti on .  Howe ve r ,  Ta b l e  1 does 
show that dri vers , i n  thi s s amp le , experienced a hi gher i nc i dence ot seri ous 
l ower l i mb i nj ury than di d front seat passengers . The restra i n t  system usage 
for the two front seati ng pos i ti ons ( Table  2 )  does not i ndi cate a b i a s  of a 
k i nd wh i ch coul d  account for the di fference i n  frequency of fractures and di s
l ocati ons apparent  i n  Tab l e  1 .  

Sign i fi cance of Lower L i mb I nj uries 

The re l ati ve i mportance of l ower l i mb i nj uries for these 258 occupants who 
scored AIS  2 or more i n  any body area has been exami ned u s i n g  three di fferent 
i nj u ry s ca les , the Abb revi ated I nj u ry Sca l e  ( AI S )  ( l ) * and two s ca l es taken 
from the Comprehensi ve Research I nj u ry Scales ( CR I S )  ( 2 , 3 ) . The AIS  sets out 
to be a ' th reat  to l i fe '  scale  wh i l s t  the two s ca l e s  selected from the CRIS 
attempt to rank i nj u ri es i n  terms of the i r  ' treatment  peri od '  (TP )  and the 
l i ke l i hood of ' permanen t i mpai rmen t '  ( P I ) .  I t  was fe l t  that the l as t  two con
s i de rati ons had parti cu lar  re l evance to a di scussi on of l owe r l i mb i nj u ri e s . 
I t  shou l d  be s tressed tha t ,  as far as the authors are aware , the CRIS has not 
been used wi dely i n  publ i s hed ana lyses and thus i t  does not have the gene ral  
acceptance of the A I S .  Rema rks based on  these scales are therefore somewha t  
ten tat i ve .  

Al l i n j uries suffered by each occupant were rated on the three se lected i nj u ry 
scales us i ng the fol l ow ing  body areas : head and neck , ehest , abdomen , l ower 
l i mbs i nc l udi n g  the pe l vi s ,  and arms . The ranki ng  of the re l at i ve i mportance 
of i nj uri es to the vari ous body areas i s  gi ven i n  Tab l e  3 .  I t  can be seen that 
for thi s seri ous and fatal i nj ury sample  the AIS and permanent i mpai rment  scale  
of  the CRIS both rate l owe r l i mb i nj u ry as  second i n  i mportance to head i nj u ry 
for dri vers . The treatment peri od scale  of the CRI S ,  however , s hows l ower 
l i mb i nj u ry to be the mos t  i mportant type of i nj ury for dri vers . For passengers 
the l ower l i mb s  are rated as the thi rd most i mportant area afte r the head and 
ehest by both the treatmen t peri od and permanent i mpai rment  s ca l es of the CRI S .  
The AIS rates such i nj uries as fourth i n  i mportance only fol l owed by i nj u ries  
to  the arms . These fi gures i ndi cate that by any of these three consi der-
ati ons l ower l i mb i n j u ri es p l ay a s i gn i fi cant  part i n  dri ver i nj ury but a re 
re l a t i vely less  i mportant for passengers . 

Locati ons and Sources of Seri ous Lowe� L i mb I nj uri es 

The l ocati ons of the l ower l i mb fractures and di s l ocati ons i n  the s amp l e  are 
shown i n  Tab l e  4 for unrestrai ned and res trai ned dri vers and front seat 
passengers.  I t  i s  of i n terest to cons i der what proporti on of these i nj uries 
cou l d  pos s i b ly be affected by an i nj u ry cri teri on based on a l oad ce l l  i n  a 
dummy femur .  I f  such a l oad ce l l  i s  cons i dered to re l a te i n  same way to i nj u ries  

* Numbers i n  paren theses refe r to references at the end of the pape r .  
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i n  the knee/femur/ h i p  comp l e x ,  i t  wou l d  be re l evant to 65% of the fractures 
obse rved i n  the unrestra i ne d  occupants and 54X of s i mi l ar i nj uries amongst the 
restra i ne d .  I n  both groups i t  i s  c l ea r  that , whi l st i nj ur ies  t o  the upper h a l f  
o f  the l e g  are i n  the maj o ri ty , i nj uri es be l ow the knee neverthe l es s  form a 
s ubstant i a l  part of the p i cture . 

I f  any type of e ffective  control of the l owe r l i mb i mpact area i s  sought , i t  i s  
i mportant to know the d i s tri buti on of k nee i mpact s i tes i n  frontal i mpacts . 
Such knowledge , i n  theory ,  wou l d  a l l ow structures wi th su i tab l e  i mpact charac
te ri s t i cs to be p l a ced  i n  re l e vant  pa rts of the veh i c l e . F i gures 1 and 2 i l l u s 
t rate the pos i ti on o f  the detected knee i mpact s i tes for a l l the occupants i n  
the samp l e  and a l so for those peop l e  who susta i ned a f racture or di s l ocati on 
i n  the knee/femur/pe l vi s  comp l e x .  For the purpose of th i s  analys i s ,  the faci as 
of the veh i c l es i nvo l ved have been d i v i ded hori zonta l l y  i nto  1 0  cm bands . For 
the dr i ver ,  the datum was the s teer ing  col umn an d for the front seat passenge r  
the datum was di rect ly  i n  front o f  the centre of the passenger seat .  The 
dri ve r ' s  s i de has an addi ti ona l  category descri b i ng d i rect contact wi th the 
co l umn i ts e l f .  The w i de di stri buti on of k nee i mpact s i tes for a l l occupants i s  
e v i den t  and th i s  spread rep resents a rea l  prob l em i f  i t  i s  i ntended to provi de 
contro l l e d  l ower l i mb i mpact a reas based on s i ng l e  ' wh o l e  system ' i mpact tests . 
Such s i ng l e  cond i t i on tes ti ng seems i nherently unsu i ted to defi n i ng the pro
pe rties  of what i s ,  i n  pract i ce ,  a wi de ly  spread i mpact a re a .  

The con cept o f  contro l l i ng k nee/femur/h i p  i nj ury by meas uri ng femur compress i on 
l oads presupposes that such l oads are the mai n ca use of thi s type of i nj ury . 
The evi dence avai l ab l e  from the p resent samp l e  tends to s upport thi s hypothes i s  
wi th the contact marks on the veh i c l e s  suggesti ng i n  a l mest a l l  cases a d i rect  
b l ow to the k nee rather  than any form of angu l ati on bei ng appl ied  di rectly to 
the femur .  

Effects o f  Speed and I n trus i on 

The Equ i va lent  Tes t  Speed ( E . T . S . )  d i s tri buti on for the who l e  samp l e  of unre
s trai ned dri ve rs and front seat passengers i s  s hown i n  Tab l e  5 .  I n c l uded i n  
th i s  tab l e  a re the E . T . S .  di s t ri buti ons for those s us tai n i ng fractures to the 
knee/femur/h i p comp l e x  and anywhere be l ow the knee . These fi gures i ndi cate 
how the frequency of i n j u ry to both the upper and l ower parts of the l eg  
i nc reases wi th ri s i ng E . T . S .  Above an E . T . S .  of 2 5  mph , 5 3% of the unre
strai ned dri vers who rece i ved  an A I S  of 2 or more i n  any body area suffered a 
fracture or  di s l ocati on i n  the upper h a l f of the l e g  and 29% of them susta i ned  
s u ch a n  i nj u ry be l ow the knee . 

The equ i va lent  di stri buti ons for res trai ned dri vers and  front seat passengers 
are s h own i n  Tab l e  6 .  A l though the numbers a re smal l ,  they have been i nc l uded 
for the sake of comp l e teness . 

The occu rrence of passenger c ompartment  i ntru s i on i n  the regi on of the knee 
i mpact area i s  s hown i n  Tab le  7 for both restra i ned  and  unrestrai ned dri vers . 
I n  each  casc the i ntrus i on has been a l l ocated to one of three categori es based 
on the reducti on i n  s pace between the knee i mpact area and the supposed normal 
pos i ti on of the dri ver ' s  knees . T h i s  categori sati o n  was necessari l y  subj ecti ve 
but i t  does b roadly descri be the p resence of no , sma l l ,  or l arge amounts of 
i n trus i on a t  k nee l eve l . I nc l uded i n  thi s tab l e  i s  the i ntrus i on experi ence 
for those who s ustai ned a fracture or di s l ocat ion  i n  the k nee/femur/pe l v i s  
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regi on .  The i ntru s i on has been rated separate l y  for l eft  and  ri ght l egs and 
the fracture s  or d i s l ocations  referred to i n  the tables occurred on the same 
s i des as the i ntrus i on .  l t  i s  o f  note that 1 3% o f  the l e g s  o f  the unrestrai ned  
dri vers i n  veh i c les  wi th no knee level  i ntru s i on sustai ned a fracture or d i s 
l ocati on i n  the knee/femur/pel v i s  whereas 6% o f  the l egs  o f  the restrai ned 
dri vers s uf fered such  i nj ur ies .  The E . T . S .  and age d i s tri buti ons  for the 
restra i ne d  and unrestrai ned dri vers are not s i gn i fi cantly d i fferent  and thus 
i t  i s  reasonable  to deduce that the wear i n g  of the be l t  i s  actua l ly respon s i b l e  
for thi s d i f fe rence i n  i nj u ry e xperi ence . 

For be l te d  dri vers wi th an  upper l e g/pe l v i c fracture or d i s l ocati on i n  a l eg  
n ot s ubjecte d  to i ntrusi on a t  knee l eve l , only one case occurred at an E . T . S .  
b e l ow 35 mph . T h i s  i s  of great re l evance for those consi deri ng  the control of 
l ower l i mb i mpact areas based on ' who le  system' testi ng wi th  bel ted dummi e s .  
l t  i mp l i e s  that such tes ts conducted on a s l e d  or i n  a vehi c l e  s ubjected t o  a 
d i s tri buted  barri e r  i mpact a t  30 mph or an angled barri e r  a t  the same spee d ,  
whi ch  frequently produce l i tt l e  or no i ntrus i o n ,  wou l d  b e  un l i ke l y  to exami ne 
potenti al ly i nj uri ous knee i mpacts for the driver dummy i n  the range of 
veh i cl e s  i n  thi s samp l e .  I ndee d ,  any tes t  whi ch produced mi n i ma l  knee l eve l 
i n trus i on wou l d  experi ence the same prob l em .  Whi l s t  the i nc l u s i on of a femur 
cri teri on i n  such tests i s  probably s ti l l  des i rabl e ,  i t  wou l d  have l i tt l e  
i nf l uence o n  the des i gn of knee i mpact areas . Thi s  fi n d i ng , taken together wi th 
the wi de d i s tri buti on of knee i mpact s i tes descri bed i n  f i g u re s  l and 2 ,  argues 
s trong ly agai n s t  the concept of s i ng l e  condi t ion  'who l e  system ' test ing  wi th 
be l te d  dummi e s  wh i ch i s  currently under d i scus s i on i n  Europe . An addi ti onal  
tes t  based o n  a knee form i mpactor wou l d  seem l i ke l y  to offer greater benefi ts 
i n  terms of the ccntrol of knee i mpact area de s i gn .  

For the l egs  of unrestrai ned dri vers wi th knee level  i ntrus i on ,  50% sustai ned 
a fracture or d i s l ocat i o n  to the upper ha l f  of the l e g  or the pel vi s .  Re
stra i ne d  dri vers ' l egs wi th knee leve l  i ntrus i on a l s o  suffered a h i gher i nc i 
dence o f  fracture than the i r  counterparts wi th n o  i ntrus i on ,  fractures i n  the 
i ntrus i on cases occurri ng  i n  2 1 X  of legs . Howeve r ,  i ntru s i on at knee l evel 
and E . T . S .  were found to be strongly associ ated and thus the i ndi v i dual effect 
of these two vari ables  for the i ntrusi on cases cannot be c l early demonstrated .  

The i ntrus i on exper ience i n  each s i de of the footwe l l  has  been assessed i n  a 
s i mi l ar  way to that used for knee l evel i ntrus i on .  I n  thi s  i ns tance , the space 
between the footwe l l  and the front of the seat was d i vi ded  i nto three zones , 
No or i ns i gn i fi cant i ntru s i o n  catered for footwe l l  i ntru s i on of l es s  than 5 cm. 
I ntrusi on i n  e xcess of thi s was categori sed as sma l l  wi th l e s s  than 50% of the 
space used u p ,  and l arge , wi th more than h a l f  thi s  s pace gone. Th i s system 
aga i n  a l l owed i n trus i on ,  i n  the footwe l l  i n  th i s  i ns tance , to be descri bed i n  
broad terms . The resu l ts obta i ned for both be l te d  and unbel ted dri vers are 
s hown i n  Tabl e  8. Thi s  tab l e  a l so i l l us trates the footwe l l  i ntru s i on exper
i ence for those who sustai ned a fracture be l ow the knee . In 7% of the l egs of 
be l te d  dri vers and  5% of the l egs  of unbe l ted  dri vers w i t h  no i ntru s i on i n  the 
footwe l l ,  a f racture occu rred be l ow the knee . For those w ith  some degree of 
i ntru s i o n ,  25% of the legs  of unrestra i ned dri vers rece i ved  such  i nj u ri e s ,  com
pared wi th 3 1 %  of the legs  of res tra i ned  dri ve rs .  I f  a l l leve l s  of i ntrus i on 
are consi dered together ,  1 2% of the l egs of the unrestrai ned dri vers s uffered 
a fracture or d i s l ocati on be l ow the knee as a ga i nst 1 6% of the l egs  of the 
res t ra i ne d  dri ve rs .  Aga i n there was a very h i gh ly  s i gn i f i cant  assoc i ati on 
betweeen h i gh E . T . S .  val ues and l arge amounts of footwe l l  i ntru s i o n  and thus 
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the i ndi v i du a l  contri buti on of each  cou l d  not be c l early demonstrated.  Howeve r ,  
the E . T . S .  d i s tri buti ons for the be l ted and unbel ted dri vers at  a l l  i ntru s i on 
l e ve l s  were s i gn i fi cantly di fferent  at  the 5% l eve l  of conf i dence , wi th the be l 
ted dri vers genera l l y bei ng exposed to the h i gher energy i mpacts . Gi ven th i s  
di fference together wi th the assoc i a t i on between E . T . S .  and footwe l l i ntrus i o n ,  
i t  i s  not pos s i b l e  t o  determ i ne whethe r be l t  use i n  i tse l f offered any addi 
t i ona l  protecti on aga i n s t  fractures or di s l ocati ons be l ow the knee . 

The numbers of front seat passengers avai l ab l e  i n  th i s  samp l e  a re n ot suffi 
c ient ly  l arge to a l l ow a s i mi l ar compari son of i ntrus i on and  be l t  use for these 
occupants . Howe ve r ,  the data i s  presented in tab les  9 and 1 0  for comp l etene s s .  

Compari sons between F i e l d  Study and Cadaver Tests 

Compari s on of the res u l ts of the present study wi t h  those from other fi e l d  
studi e s  wh i ch speci f i ca l ly e xami ne l ower l i mb i nj u ri es i s  di ffi cu l t  a s  other 
authors ( 4 , 5 )  have i n  general i n c l uded i mpacts other than frontal i mpacts o r  
have a l so i nc l uded a l l  severi t i e s  of i nj ury and  a l l  seat i n g  pos i t i ons . How
e ve r ,  compari son between th i s  study and pub l i shed work on cadaver tests i s  
v a l i d  s i nce care has been taken i n  th i s  s tudy to produce a f i e l d samp l e  i n  
whi ch l oadi ng condi t i ons a re as c l ose as pos s i b l e  to those experi enced by ca
davers i n  re cent test  work . 

The types o f  te sts and patterns o f  upper leg  and pel v i c i nj uries  for cadavers 
a re summari sed  i n  Tab l e  1 1 .  The p redomi nance of pate l l a  f ra ctu res and condy l a r  
a n d  s upracondy l ar temur fractures a re apparent a n d  the a l most  total absence o f  
h i p  i nj u ry fol l owi ng i mpacts o n  the knee i s  notab l e .  I n  th i s fi e l d  study ,  the 
pri nc i p l e  i nj ur ies  to the upper h a l f  of the l eg were fractures to the femora l  
shaft , fracture s  to the pe l v i s  and  h i p  fol l owed by pate l l a  fractures ( Tabl e 1 2 ) . 
l t  i s  o f  note that t he frequen t  cruci a te l i gament i nj u r i e s  descri bed i n  one of 
the mos t recent papers on cadaver work ( 1 1 )  have not been reported i n  the pre
sent  fi e l d  s tu dy .  Whi l s t  such i nj u r i e s  may be under- reported amongst rea l  
acci dent v i cti ms , and  espec i a l ly amongst the fata l i ti e s , thei r apparent total 
absen ce i s  s i gn i fi can t .  

The app a re n t  di fference i n  i nj u ry patte rn between the a cc i dent s amp le  and the 
cadaver data shou l d  be carefu l ly cons i dered i f  tol e ra n ce l eve l s  are bei ng 
estab l i shed based s o l e ly on cadaver resu l ts .  

Few cadaver tes ts have attempted to s i mu l ate i nj ury mechani sms experi en ced by 
car occupants wi th respect to be l ow the knee l oad i n g .  I n  the present study ,  
67% of fractu res to the t i b i a and f i b u l a  were associ ated wi th footwe l l  i n tru
s i on whi l e  74% of fracture s  and di s l ocati ons of t he foot and ank l e  were 
a ccompan i e d  by s u ch i ntrus i o n .  I n  general . there was a n  absence of we l l 
def i ned contact poi n ts associ ated wi th seri ous be l ow the k nee i njuri e s , tend
i ng to i ndi cate that l oads transmi tted v i a  the peda l s  and footwe l l  p l ay a 
s i gn i fi cant rol e  i n  the genera t i o n  of such i nj u ri es .  

Con c l us i ons 

For th i s  samp l e  o f  ser ious ly  or fata l ly  i nj u red car occupants i nvol ved i n  fron
tal i mpacts i t  has been found tha t : -

1 .  Dri vers s uffer f ractures o r  d i s l ocati ons i n  the l ower l i mbs more fre
quently than front seat passenge rs . I n  terms of the 1 treatment peri od 1  
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s ca l e  from the CRI S ,  i nj uri e s  to the l ower l i mbs were ranked ahead of those 
to a l l  other body areas , for dri vers . The AIS  and ' permanent i mpai rment ' 
sca l e  of the CRIS ranked dri vers ' l ower l i mb i nj uri es second  on l y  to head 
i nj u ri es .  

2 .  For unre strai ned occupants , 6 5% of the l ower l i mb fracture s  and d i s locations 
occurred i n  the knee/femur/pe l v i c  comp l e x .  For restrai ned  occupants the 
equi va lent  fi gure was 54% . I n  both g roups i t  i s  cl ear tha t ,  wh i l s t  i nj uri e s  
to the upper h a l f  of the l e g  are the most  frequen t ,  i nj uries  be l ow the knee 
form a s ub s tanti a l  part of the pi cture . 

3 .  Knee i mpact s i tes are wi de ly  spread  across the faci a ,  suggesti ng that s i ng l e  
' wh o l e  sys tem '  tests may be i nherent ly  unsui tab l e  for control l i ng the i mpact 
properti es of these areas . An addi ti onal test based an a knee form i mpactor 
wou l d  seem l i k e ly to offer greater benefi ts . 

4 .  I n  genera l , i nj u ri es to the knee/femur/pe l v i s  comp l e x  were associ ated wi t h  
l oad ing  o n  the knees rather than angu l at ion app l i ed di rectly t o  the femu r .  

5 .  Tbe use of seat be l ts h a l ved  the i nci dence o f  fracture s  i n  the upper ha lf  
of  the l egs  for dri vers . On ly  one  restrai ned dri ver i n  thi s  samp l e  sus
tai ned a fracture i n  the upper h a l f  of the l e g  wi thout k nee l evel i ntrus i on 
be l ow an  E . T . S .  of 35 mph .  Thi s f i ndi ng has i mp l i cati ons for ' who le  system' 
tes t i n g  us i ng res trai ned dumm i e s  i n  crash test confi gurati ons whi ch produce 
l i tt l e  o r  n o  i n trus i on .  

6 .  Patterns of i nj ury reported i n  recent cadaver work i nvesti gating  i nj ur ies  
fol l owi ng  di rec t  l oadi ng on  the  knee are di fferent from those found i n  thi s  
s tudy of rea l  a cci dents . T h i s  di fference may have seri ous i mp l i cati ons for 
the tol e rance l eve l s  based on s uch cadaver e xperi ments . 
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Tab l e  1 .  OccuP.ant sex bY. seat i ng_P.os i ti ons and P.resence of seri ous J ower 
1 i mb i nJY.rY..i.. 

Dri vers Front Seat Passengers 

Lower l i mb fracture Lower 1 i mb fra
.cture 

or di s l ocat i on or d i s l oeati on 

Yes No Yes No 

Ma l e  76 88 9 24  

Fema l e  6 1 1  1 0  34 

Total 82 99 1 9  58  

Tab l e  2 .  Seat be l t  use by seati ng_ P.os i ti on s . 

Seat be lt  used 

Yes N o  

Dri ver 47 1 34 

FSP 1 9  58  

Total 66 1 92 

Total 

1 97 

61  

258 

Tota l 

1 81 

7 7  

258 

Tab l e  3 .  Ran k i ng of body a reas  by AIS, TP and P I  for dri vers and front 
seat P.a ssengers . 

1 
AIS TP  P I  

Rank Dr iver  FSP Dri ver FSP Dri ver FSP 

1 head  49% head 62% legs  50% head 60% head 5 1 %  head 60% 

2 l egs 30% ehest 3 1 %  head 363 ehest 26% l egs 4 1 %  e he s t  34% 

3 ehes t 28% abdomen 1 33 ehest 22% l egs 22% ehest 35% l egs 1 8% 

4 a rms 1 3% l egs 1 2% arms 20·�: arms 1 3% arms 2 5% a rms 1 2% 

5 abdomen 1 1 % a rms 8% abdomen 0% abdomen 0% abdomen 9% abdomen 8% 

The pereentages represent the frequeney wi th whi eh eaeh body area has the 
h i ghest  or equa l h i ghest  v a l ue of the s ca l e  i n  questi on . 
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Tab l e  4 .  Locati ons of l ower l i mb fractures and d i s l ocati ons for restrai ned  
and  unres trai ned front seat occupants . 

a )  Unrestrai ned 

Dri vers Front Seat Passengers 
Regi on i n  whi ch Total 

fracture Lef t R ight  Total Lef t Ri ght Total 
occurred  l eg l eg l e g  leg 

H i p and pe l v i s  1 1  1 5  26 5 3 8 34 

Femur 7 2 2  29 2 3 5 34 

Knee 4 8 1 2  0 0 0 1 2  

T i b i a  and fi bu l a  5 8 1 3  3 2 5 1 8  

Foot and ankle 3 20 23 1 1 2 25 

b )  Res trai ned * 

* 

Dri vers* Front seat Passengers 
Total 

Reg i on i n  wh i ch 
fracture Left R ight  Total Left R i g h t  Total 
occurred l eg l eg leg  l eg 

H i p  and pe l v i s  1 2 3 1 3 4 7 

Femur 0 6 6 3 2 5 1 1  

Knee 0 3 3 0 0 0 3 

T i b i a and fi bu la  3 3 6 0 0 0 6 

Foot and ankle  1 8 9 0 3 3 1 2  

Note : In  one case , a l ap be l t  was used . I n  al l other cases three poi nt 
be l ts were warn . 

! 
1 
1 
i 
i i 
1 
1 1 

i 
1 
i 
i 

1 

1 1 1 1 
1 

-1 
1 1 ! 

1 
--! 
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Tab le 5 .  Locati on of l ower l i mb fractures or d i s l ocati ons by ETS for 
unrestrai ned drivers and front seat Rassengers . 

a )  Unres trai ned dri vers 

E .  T . S .  ( mph )  

5 - 1 0  1 0- 1 5  1 5-20 20-25 25-30 30-35 
--· 

No . of dri vers 1 4 1 4  20 3 1  1 4  

W i th upper N 0 1 2 2 1 2  8 
l eg fracture % 0 25% 1 41(, 1 0% 39% 57% 

Wi  th 1 ower N 0 0 0 5 1 0  2 
l eg fracture % 0 0 0 25'Yv 32% 1 4//i 

b )  Unrestrai ned front seat Ras sengers 

E . T . S .  ( mph ) 

5- 1 0  1 0- 1 5  1 5-20 20-25 25-30 30-35 

N o .  of FSP s 1 5 6 1 0  8 7 

W i th upper N 0 0 0 2 1 2 
1 eg  fracture % 0 0 0 20% 1 2% 29% 

Wi th l ower N 0 0 1 0 1 1 
l eg fracture % 0 0 1 6 �� 0 1 2% 1 43 

35-40 40-45 

1 8  5 

1 1 4 
6 1 %  80% 

5 2 
28% 40% 

35-40 40-45 

1 0  0 

3 -
30% -

3 -
30% -

=1 1 
45-50 1 1 

2 

2 1 1 00% 

1 1 50% 

45-50 

0 

-
-

-
-
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Tab l e  6 .  Locati on of l ower l i mb fractures or di s l ocati ons by E . T . S .  for 
res trai ned dri vers and front seat P.as sengers . 

a )  Res trai ned dri vers 

E . T . S .  ( mp h )  

1 0 - 1 5  1 5-20 20-25 25-30 30-35 35-40 40-45 45-50 

ifo .  of dri vers 0 7 

Wi th upper N - 0 
leg  fracture % - 0 

Wi th l owe r N - 1 
l eg frac ture % - 1 4�; 

b )  Re strai ned front seat passenge rs 

-

1 0- 1 5  1 5-20  

No . of FSPs 1 3 

Wi t h  uppe r N 0 0 
l eg fracture % 0 0 

W i t h  l owe r 1·1 0 0 
leg  fracture % 0 0 

6 

1 
1 7% 

0 
0 

20-25 

3 

0 
0 

1 
33% 

9 3 1 1  0 1 

0 1 5 - 0 
0 33% 45% - 0 

3 0 4 - 1 
33% 0 36% - 1 00% 

E . T . S .  (mph ) 

25-30 30-35 35-40 40-45 45-50 

1 1 4 1 1 

0 0 0 1 0 
0 0 0 1 00% 0 

1 0 1 0 0 
1 00% 0 25% 0 0 
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1 

Tab l e  7 .  I nc i dence of knee levgl i ntru s i on for dri vers wi th and wi thout 
associ ated l ower l i mb fractures and di s l ocati ons . 

a )  Unrest rai ned drjyers 

Amount of i ntru s i on 

Lef t Leg Ri ght Leg 

None Sma 1 1  Large None Sma 1 1  Large 

N o .  o f  l egs  1 0 7  1 4  1 3  97  1 3  24  

Upper l eg N 1 4  3 5 1 3  9 1 5  
fractures % 1 3�� 2 1  �� 38% 1 3% 69% 62% 

b )  Res tra i ned dri vers 

Amount of i ntru s i on 

Lef t Leg Ri ght Leg 

None Sma 1 1  Large None Smal l Large 

No . of l egs  34 7 6 3 1  4 1 2  

Upper l eg N 1 0 0 3 2 5 
fractures % 3% 0 0 1 0% 50% 42% 

Tab l e  8 .  I nci dence of footwe l l  i ntru s i on for dri vers wi th and wi thout 
associ ated fractures and d i s l ocati ons . 

a )  Unrestrai ned dri vers 

Amount of I ntru s i o n  

Left Leg R ight  Leg 

Large 1 None Sma 1 1  Large None Smal l 
- ·-

No . of l egs 9 !i 23  1 5  76 2 8  29 

Lower leg  N 2 2 4 7 6 1 2  
fractures % 2% 9•v , .  2 7X 9% 2 1 %  4 1 %  

b )  Res tra i ned dri vers 

Amount of i ntrus ion  

Left Leg R ight  Leg 

None Sma 1 1  L a rgc None Sma 1 1  Large 
No .  of legs 34 1 0  3 25 1 3  9 
Lower l eg N 2 1 1 2 5 4 
fractures % 6�� 1 0% 33% 8% 38% 44% 

1 l n 



Tab l e  9 .  I nc i dence o f  k nee level  i n trus i on for front seat P.assengers wi th and 
wi thout associ ated fractures  and di s l ocat i ons . 

a )  Unres trai ned front seat P.assengers 

Lef t Leg 

None Smal l 

No .  of l e gs 52 3 

Upper l e g  N 6 0 
fractures  % 1 2% 0 

b )  Restra i ned  front seat P.assengers 

Left Leg 

None Sma l l 

No .  of l egs 1 5  1 

Upper l e g  N 2 0 
f ractures X 1 3'.Y.. 0 

Amount  

La rge 

3 

1 
33% 

Amount 

Large 

3 

2 
6 7'.:� 

of i ntru s i on 

Ri ght Leg 

None Sma l l Large 

52 3 3 

4 0 1 
8% 0 33% 

o f  i ntrus i on 

R i ght  Leg 

None Sma 1 1  Large 

1 4  2 3 

0 l 2 
0 50% 6 7% 

Tab l e  1 0 .  I nc i dence o f  footwe l l  i ntrus i on for front seat P.assengers w i th and 
wi thout associ ated fractures and di s l ocat i on s .  

a )  Unres trai ned front seat P.assengers 

Lef t Leg 

None Sma 1 1  
- ·  

N o .  of l egs  4 1  ,1 4 
·- - -

Lower l e g  N 2 1 
f ractures % 5 ' '  '" 7% 

b )  Restra i ned  front seat P.as sengers --

Lef t Leg 

None Sma 1 1  

No .  of l egs  14  3 

L owe r l egs  N 0 0 
fractures  ()/ I• 0 0 

Amount of i ntrusi on 

R ight  Leg 

Large None Sma l l L arge 

3 46 1 1  1 --

1 0 3 0 
33% 0 27% 0 

Amount of i ntrus i on 

Ri ght Leg 

Large None Sma 1 1  Large 

2 1 4  2 3 

0 2 0 1 
0 1 4% 0 33% --'-
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Tabl e  1 2 :  The Rattern of l owe r l i mb i nj u ri e s .  

Type o f  I nj u ry * 

H I P  AND P E L V I S  
Fractures of the pe l v i s  ( not i nc l ud ing  the 

N umber of fractures and 
di s l ocati ons � � 

� \ � 24 

� ·� acetabu l um )  
Di s l ocati ons o r  fracture d i s l ocati ons of 
the h i p  
Fractures o f  the acetabul um 

FEMUR 
Trochanteri c fractures 
Fractures wi th i n  the shaft 
Femoral fracture , p reci se natu re not known 
Condyl ar  or s upracondy l ar fractures 
Fractures i nvol v i n g  the knee joi nt 

KNEE 
Pate l l a  fractures 
Di s l ocati ons  of the pate l l a  
Fracture/di s l ocat ion  o f  the k nee 

LOWER LEG 
Fra cture e xtendi ng i nto k nee j o i nt  
S i mp l e  fracture of t i b i a  and/or fi b u l a  
Compound fracture o f  t i b i a  and/or f i b u l a  
Commi nuted fracture o f  t i b i a  and/or fi b u l a  
S i mp l e  fracture o f  t i b i a  a n d  f i b u l a  at  l ower 
end 
Commi nuted fracture of t i b i a and f i b u l a  at 
l owe r end 
Fracture of l ower leg , preci se deta i l s  not known 

FOOT AND ANKLE 

* 

Mal l eo l a r  fracture s  
Di s p l a ced Potts fracture 
L i gament avu l s i on 
Fractures a nd/or d i s l ocati ons of tars a l s  
Fracture o r  di s l ocati on o f  metatarsal  
Fractures o f  pha l anges 
Fractured or di s l ocated bone i n  foot ( preci se 

detai l s  not k nown ) 

I nj u ry de scri pti ons are not mutua l l y  e xc l u s i ve 
w i t h i n each reg i o n  o f  the l ower l i mb .  
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F I GURE 1 :  POSITION OF KNOWN DRIVER LEG CONTP.CTS . 
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FIGURE 2 :  POSITION O F  KNOWN PASSENGER LEG CONTACTS. 
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füwendi x 1 . Veh i c l e  ma kes and mode l s .  

Man u fa cturer  Mode l No .  of No.  of No.  of Front Total No .  
Cars Dri vers Seat Passengers Occupants 

Ford Cort i na 67 55 27  82 

Ford E s co rt 52  47 1 8  65 

BL Mari na 3 7  34 1 1  45 

Chrys l e r  Avenger 32 29 1 3  42 

Vauxha 1 1  * HC  V i va 1 8 1 2  7 1 9  

Vauxha 1 1  
* 

Fi renza 3 3 0 3 

Vauxha 1 1  
* 

Magnum l 1 1 2 

Tota l s  2 1 0  1 81 77 258 

Note : On ly  occupants wi th a h i ghest A I S  o f  2 o r  more a re i nc l uded i n  thi s 
analys i s .  

* 

of 

I n  th i s  analys i s the th ree Vauxha l l  mode l s  have been consi dered together .  
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