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Pedestri a n  cas ua l ti es represent a parti cul ar ly  heterogeneous popul a ti on i n  
terms o f  thei r b i omechan i ca l  cha racteri s ti cs . Age and s ex are two measu re­
ab l e  parameters wh i ch rel ate to thi s vari ati on , wh i l s t the ci rcums tances o f  
the a cc i dent  con trol  the frequency and severi ty o f  exposure to certa i n  types 
of trauma . Th i s paper l ooks at some of the domi nant a cc i dent vari ab l es .  
These a re the pedes tri an ' s  age and s tature , the car  i mpact s peed and some of  
the deta i l ed geometri ca l  and phys i ca l  characteri s t i c s  o f  the car  exter ior .  
The g reat i mportance of  l eg fractures and head i nj ur ies  i s  i l l us trated and 
some of  the conseq1 1ences for des i g n  a re di s cussed i n  terms of  rea l i s t i c  and 
approp ri ate test procedu res . 

PROTECT I ON OF THE CAR OCCUPAN T ,  g i ven that a c rash  i s  go ing  to occur , has been 
the concern of the car  i ndustry and l e g i s l at i ve g roups for the l as t  decade . 
W i th the p rov i s i on o f  i mp roved crash perfonnance , i n  the fonn of  occupant 
res trai n t  systems , better wi ndscreen g l as s ,  l oad-l i m i t i ng s teeri ng assemb l i e s  
a n d  anti -burst door l ocks , the c a r  occupant h a s  a markedly i mproved chance of  
s u rv i va l . One  consequence of  th i s  trend i s  tha t  i n  many moto ri sed countri es 
pedes tri ans rep resent the most  i mportant  s i ng l e  group of traffi c casual t i es . 

I n  terms of  fatal i ti es ,  pedes tri ans a ccount for 40% - 50% of  the total i n  many 
countr i es , part i cu l ar ly  i n  those pa rts o f  the worl d s u ch as the M idd le  East  
where the  growth in  car owners h i p  has  been very rap i d  over  the l as t  ten years . 
I f  one takes i n to a ccount the i ncompl ete data from the deve l op i ng coun tri es , i t  
i s  q u i te pos s i b l e  that pedes tri ans , worl dwi de ,  rep resent the s i ng l e  l argest  
g roup  of  traffi c fatal i ti e s .  Fata l i ti e s ,  howe ver , a re on ly  a sma l l  part  o f  the 
prob l ern .  

Th i s paper l ooks  a t  some o f  the characteri s t i cs o f  the pedestri an popu l a t i o n  
a nd a t  some of  the veh i c l e  fac to rs i n fl uenc i ng  p�des tr i a n  trauma . 

I MPACT SPE E D  

F i gu re 1 shows the i mpact s peed di str ibuti ons for car  a n d  c a r  deri vat i ves 
i nv o l ved i n  pedes tri an acci dents where the pedes tri an i s  s truck by the front 
of  the i nvol ved veh i cl e .  Th i s  fi g u re i s  deri ved ma i n l y  from data obtai ned 
i n  at- the- s cene pedes tri a n  a c c i dent s tudi es conducted at the Acci dent Resea rch 
Uni t ,  Un i ve rs i ty of B i rmi ngham ( 1 .  2 ) *  w i th the data wei ghted to p roduce the 

*Fi g ures i n  paren theses denote references at the end of the pape r .  39 
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Fi gure 1 - I mpact Speed Di s tributions  for Pedestri ans Struck by the Fronts of 
C ars or Car Deri vati ve s .  

same proportions  of  s l i gh t ,  seri ous a n d  fatal cas ua lt i es · as o ccur i n  th e U . K . 
nationa l l y .  Wi th current car des i gns , pedestri ans s truck at  i mpact s peeds l ess 
than 30 km/h susta i n  predomi nantl y s l i gh t  ( A I S  1 )  i nj uri es whi l st at i mpact 
s peeds above 30 km/h the i nj u ri es are predomi nantly non-m i nor  ( � A I S  2 ) . The 
change from predomi nantly s u rv i vab l e  i nj u ri es to predomi nantly fatal i nj u ri es 
takes p l ace between 50 km/h and 60 km/h . These resu l t s  a re i n  agreement  w i th 
those of othe r  s tudi es ( 3) . 

The i mpact s peed d i s tri buti ons are dependent on the severi ti e s  of the 
i njur ies  cons i dered . The 50%i 1 e  i mpact s peed for a l l  s everi t i es o f  i njury 
i s  between 20-25km/h . I f ,  howeve r ,  on1y non-mi no r  i nj u ri es are counted , the 
50%i l e  i mpact s peed r i s es to approxi mately  35km/ h , and i f  only fatal i ti es a re 
con s i dered , to 50km/ h .  The correspondi ng 90%i l e  i mpact s peeds are , for al l 
i nj uri es 40km/h , for non-mi nor i njur ies  50km/h and for fata l i ti es 6 5km/h 
( Fi gure 2 ) . 

l t  has frequently been reported , and can a l so be s een from fi gure 1 ,  that 
there are cons i derab l e  vari a ti ons i n  the severi t i es of the i njur ies  susta i ned 
for a g i ve n  i mpact s peed ; fatal i ti es hav i ng been noted at  i mpact s peeds l es s  
than 20km/h a n d  mi nor i nj ur ies hav i ng been noted at  i mpact s peeds grea ter 
than 40km/h . These vari a ti ons i n  i nJ u ry s everi ty for a g i ven i mpact s peed 
s uggest that vari abl es other th an i mpact s peed are i mportant i n  determi n i ng 
i nj ury sever i ty .  
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F i gure 2 - Cumul ati ve Impact Speed Di s tr i b ut i ons  for Pedes trians S truck by the 
Fronts of Cars or Car  Deri vati ves . 

AGE 

Age i nfl uences pedestri an i nj u ri es i n  two ways . F i rs tly he ight  and wei ght  
are re l ated to age and  consequently a chi l d  w i l l  experi ence d i fferent  i mpact 
cond i t i on s  to an adul t i f  both are s truck at the same s peed by s i mi l a r veh­
i cles . I f  the pedes tri an i s  an adu l t the bumper typ i cal l y  s tri kes the l ower 
l e g  and the front of the bannet s tri kes the upper leg or pel v i s .  I f ,  however , 
the pedes tri an  i s  a 6 year o l d  chi l d  the b umper wou l d  s tri ke the upper l eg 
and the bannet wou l d  stri ke the ehest or abdomen .  

Second ly ,  i nj ury to l erance i s  a funct ion of age . The  bones o f  young chi l d­
ren ( <. 1 0 yr . ) are more res i l i ent  than the bones o f  adul ts ( 4) .  The el derly 
genera l ly tend to be more suscept i b l e  to i nj ury than other a ge groups due 
to thei r decreased bone strength and , once i nj u red , are more l i kely to d i e  
from i nj ur ies  of  a g i ven sever i ty .  

The effe cts o f  age ca n be s hown by con s i deri ng the frequency o f  i nj uri es of 
d i fferent severi ty by age of pedes trian  ( Fi gure 3 ) . I n  the 5- 1 5  year age 
g roup approx i mately 5% of those s u s ta i n i ng a seri ous o r  fatal i njury di e ,  
whi l e  for the 61 - 70 year age group the fi gure i s  1 5% ,  ri s i ng to over 25% for 
those aged over 80 years . The proporti onal i ncrease i n  serious  and fata l 
i nj ur ies  w i th age i s ,  a t  l ea s t  partly expl a i ned by the l owe r i ng of i nj ury 
to l erance to i mpact wi th age and by the i ncreased s u s cepti b i l i ty w i th age to 
d ie  once i nj u red ( 5 ) , and may a l so be partly expl a i ned by di fferences i n  i mpact 
co nd i t i ons w i th age ( 7 ) . 
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Fi gure 3 - Suscepti b i l i ty of I n j ured Pedes tri ans to Di fferent Level s of I nj u ry 
Sever i ty by Pedes tri an Age . 

l t  w i l l  be noted from Fi gure 3 tha t  the very young chi l d  ( � 2 years o l d )  i s  
more l i ke l y  to be  k i l l e d  than the ol de r  chi l d  when i nvol ved i n  a pedestri an 
acc i dent . Fortunate l y ,  however, thei r i nvol vement rate is  l ow .  Less than 1 %  
of  a l l chi l d  pede s tri ans s truck by cars a re l ess than 3 years o l d  ( 7 ) . 

The effects of  age can a l so be seen i n  the pattern of  the i nj ur i es sus tai ned . 
For i ns tance there i s  a l ower i n ci dence of  non-mi nor pe l vi c  and  l e g  i nj uri es , 
and a h i gher i nc i dence of  non-minor  h ead i nj uri es i n  the young than i n  the 
e l der ly .  F i gure 4 shows the percentage susta i n i ng an i nj ury to a parti cul ar 
body a rea by age . l t  can be seen tha t ,  wh i l s t  there were no non-mi nor pe l vi c  
i nj ur i es susta i ned by chi l dren aged 0 - 4 years o l d ,  1 0% of  adul ts aged 30 - 44 
years o l d  and 53% of el derly adul ts aged over 75 years susta i n i n g  A I S  2 - 3 
i njur ies  sus tai ned a non-mi nor pe l vi c  i nj u ry .  
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F igure 4 - I n c i dence of  Non-Mi nor Head , Pel vi c  and Leg I njuri es by Age for 739 
Pede s tri ans Susta i n i ng A I S  2 - 3 Inj uri es . 
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Changes i n  the nature of  the i nj u ri es sustai ned wi th age have been consi dered 
in more deta 'i l  e l sewhere ( 6 , 8) . These di fferences i n  i nj ury patterns between 
the di fferent age groups are due to vari ati ons i n  exposure of the di fferent  
body a reas  to i nj u ry between chi l dren and adul ts a s  a res u l t of di fferences i n  
s ta tu re , and u s  a res u l t of the d i fferences i n  i nj u ry tol erance that occur 
wi th age . Wh i l s t  adul ts and e l derly adul ts a re l i ke ly  to have the same 
exposure to pe l v i c  and l eg contacts , the reduced i nj u ry tol erance of the 
e l derly makes them more l i ke ly  to be i nj ured . 

PATTERNS OF I NJURY 

Head , l eg  and arm i nj u r i es a re the mos t  freq uent i nj uri es sustai ned by 
pede s tri ans s truck by the fronts o f  cars . Data obtai ned from exi sti ng pol i ce 
and hospi tal reco rds have been used to descri be the i nj u ries  sus tai ned by 
pedestri ans ( 8 ) and i t  has been found that the pattern o f  i nj ury varies  wi th 
age , o vera l l  i nj u ry severi ty and wi th the severi ty o f  the i nj uri es counte d .  

The effect o f  overa l l  i nj ury severi ty o n  the pattern o f  i nj ury can b e  seen i n  
F i g u re 5 whi ch s hows the d i s tri but ion  o f  i nj ur i es sustai ned by adul ts aged 
1 5 - 59 yea rs by overa l l  i nj ury severi ty .  Leg i nj ur ies  were sustai ned more 
frequent ly  than head i nj uries  by those sustai n i n g  on ly  m inor  i njuries . For 
those recei v i ng non-mi nor i nj uries  head i nj uri es were the mos t freq uent 
i nj uries and leg i nj u ries the second most frequent i nj u r i es s us tai ned . I n  
genera l the l i ke l i hood o f  i nj ury to any parti cu l a r  body a re a  i ncreased wi th 
i n creas i ng overa l l i nj u ry severi ty - for example  head i nj ur i es were recei ved by 
54% of the s u rvi vors sus ta i n i ng m inor  i n juri es ,  79% o f  the s urvi vors wi th non­
mi nor i nj u ri es and 95% of the fata l i ti e s . Corre s ponding  fi gure s  for l eg 
i nj uri es were 76% , 75% and 88% , and for arm i nj u ri es 37% , 4 5% a nd 5 7% res pect­
i ve l y .  

The seve ri ty o f  the i nj ur i es counted i n  desc ri b i ng the pattern o f  i njury a l so 
has an effect on the pa ttern of i nj u ry .  For examp l e ,  a l though head i nj uri es 
were sustai ned by 7 9 %  and leg i nj u ri es by 75% o f  the adu l t survi vors wi th non­
mi nor i njur ies , on ly  6Qo/ sus ta i ned non-mi nor head i nj uri es and 48% s u stai ned 
non-minor  l e g  i njur i es . 

Many o f  the i nj u ri es sustai ned by s urvi vors wi th non-m i no r  i nJ uri es a re surface 
i nj u ri es o r  brief  peri ods of unconsc i o usness ( A I S  2 i n te rnal head i nj u r i es wi th 
no s ku l l fracture ) . I f  these i nj ur ies a re not consi ded as 1 seri ous 1 i nj u ri es 
the re l ati ve i mporta nce of head and l eg i nj u ri es changes , l eg i njur ies becomi ng 
the most frequent i nj u ries sus tai ned - head i nj ur ies  bei ng  sustai ned by 383 and 
l eg i nj ur i es by 66% ( Fi gure 6 ) .  

GENE RAL CAUSES OF INJURY 

I n  depth at- th e-s cene acci dent s tudi es h a ve enab l ed the s peci fi c causes o f  
pedestr ian  i nj uries to b e  i denti fied  and the rel a ti ve i mportance of di fferent 
mechani  sms o f  i nj ury es tab 1 i shed ( 3) . Contact wi th the car has been shown 
to be  the mai n cause of non-mi nor i nj uries , and i t  has  a l s o  been s hown that  
the s everi ty o f  these i nj uries  i s  dependent o n  the s peed o f  the veh i c l e  at  
i mp a ct . I n  contras t the i nj ur ies  resul t ing  from contact wi th the g round 
appear to be vi rtua l l y  i ndependent of i mpact speed , al though there may be 
some mas ki ng  of the g round contact i nj uri es by veh i c l e  contact i nj u ri es .  
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Fi gure 6 - Pattern of  Injury for Adul ts Aged 1 5  - 59 Years , �  Excl udi ng Su rface 
I nj ur ies and Moderate Concuss i o n ,  for Pedestrians Struck by the 
Fronts of  Cars o r  Car Deri vati ves and who Sustai ned Non-Mi nor Non­
Fatal I nj u ries . 

VEHICLE  CONTACT INJURIES 

Research i n to actual pedes tri an  a cci dents ( 1 ,  6 ,  9 )  has s hown that ,  for cur­
rent  rel a t i vely  s t i ff s tructures , des i gn of the veh i c l e  front s tructure can 
i nfl uence the l o cation and severi ty of the pel v i c and l eg i nj u ri e s  sustai ned 
by pedes tri ans . The l ocation o f  the b umper not only determi nes the l ocation 
of the fracture but a l so appears to i nfl ue�c�-!h�_ l i kel i hood of a fracture 
occurri n g  as a resu l t  of b umper contact.  the l ower the b umper the l ess l i kely  a 
fracture to occu r .  Pel v i c  fractures o ccur more frequently wi th veh i c l es havi ng 
short b umper l eads than wi th vehi cl es having  l ong bumper l eads . However 
vehi c les  wi th short b umper l eads appear to be assoc i a ted w i th a l ower overa l l  
i nc i dence o f  pel v i c  and l eg fractures than vehi c l es wi th l on g  b umper l eads . The 
optimal des i gn i s  thus a compromi se between di fferent confl i cti ng requi rements . 

The a cci dent data s u gges t ,  however , that there a re some benefi ts from short 
b umper l eads i n  that the appl i cation  of the impact forces at two poi nts a long 
the l eg rather th an at one i ncreases the fracture thresho l d .  Tak i ng th i s  
concept to i ts concl us ion s uggests that the veh i c l e  front  s tructure shou l d  
b e  a smooth structure apply ing  a d i s tributed l oadi ng to the pedes tri ans 
l ower l i mbs rather than have a s epara te b urnper and l eadi ng edge wh i ch app.ly 
two concentrated l oads . Wh i l s t  shape has an effect on the i nj ur ies sus tai ned � 
experimental tes ts ( 1 0- 1 3 )  have shown that compl i ance i s  l i kely  to have more 
effect on the i n j u ri es than shape , and that measureabl e  reduct i ons i n  the 
n umbers of pedes tri ans wi th seri ous pel v i c  and l eg i nj u ries wi l l  resul t from 
the i n troduction of comp l i an t  ' pro-pedes tri an 1 front  s tructures . 

At- the- s cene s tu d i es have a l s o  shown that contact wi th the veh i cl e  i s  
respon s i b l e  for a h i gher proportion of l i fe- threateni n g  o r  fatal head i nJ ur­
i e s  than contact wi th the gorun d ,  and that cor.tac t  wi th the wi ndscreen frame 
i s  more l i ke l y  to resul t i n  serious head i nj ury than contact wi th the 
w i ndscreen gl ass o r  top s urface of the bannet .  Thus , i f  the veh i cl e  exterior 
coul d  be des i g ned to reduce the i nci dence of head contacts to the rel ati vely 
s ti ff wi ndscreen frame , a reduction i n  the i nci dence of serious head i nj uries 
cou l d  be expected . However,  the actual reduction i n  the severi ty o f  the head 
i nj u r i es sustai ned may not be as great  as expected due to the pos s i b l e  mask­
i ng of g round contact head i njuries by vehi c l e  contact head i nj uri es i n  thi s 
s tudy . 



At present the l o cation of the h ead contact i s  i nfl uenced by pedestri an  
hei gh t ,  veh i c l e  shape , veh i cl e  i mpact speed and decel erati on � the di s tance 
from the front of the vehi c l e  to the head contact i ncreas i ng w i th i ncreasing  
pedes trian hei ght ,  decreas i ng bonnet hei ght ,  i ncreas i ng i mpact s peed and 
decreas i ng veh i c1 e  dece l e ra t ion .  The i n troduction of compl i ant ' pro-pedest­
ria n '  front s tructures des i gned to reduce pedestri a n  pel vi c and l eg i njuries 
i s  l i kely to a l ter the l ocation of  the head contact an the veh i c l e ,  the 
' Wrap Around Di stan ce ' to the head contact becomi ng equal to the pedestri an 
hei ght  as  the ·i ncreased fri ction between the comp l i a n t  fron t s truct ure and 
the pedes tri an ' s  l egs reduces the ' s l i p '  between the pedes tri an and the veh­
i cl e  exter ior  to zero ( 1 4 ) . A reduction i n  the ' Wrap Around Di s tance ' to the 
head contact wi l l  resul t i n  fewe r head contacts wi th  the wi ndscreen and wi nd­
screen fram� and more head contacts wi th the bannet .  The bonne t ,  therefore , 
shou l d  be desi gned to pro v i de a to l erabl e  head conta c t .  Thi s ,  i n  conj unction 
w i th a ' p ro- pedes tri an ' front structu re woul d res ul t i n  a vehi cl e l es s  l i ke ly  
than present des i gns to cause seri ous or  fatal i nj u ry to pedes tri ans . 

THE SPEC I F I CAT I ON OF THE CAR E XTER IOR 

The current s tate of  knowl edge shows that pedes tri an i nj u ries are extremely  
numerous , that cars vary consi derabl y  i n  the i r  poten t i a l  for caus i n g  i nj ury , 
that the b umper and the front edge of the bannet a re i mportant sources of  
l eg i nj uri es . and  that severe head i njuri es a re frequent fol l owi ng wi ndscreen 
frame conta c t .  

I n  deve l op i ng tes t procedures i t  i s  necessary to con s i der  wh at  happens i n  
real acci dents and to ensure that  the procedures adopted refl ect rea l  acc i ­
dent c i rcumstances . I f  th i s  i s  not done there i s  a pos s i b i l i ty that the test 
procedures wi l l  fa i l  to d i s crimi nate between effe cti ve and i neffecti ve des i gns . 
Acc i dent s tud i es have shown that there are consi derabl e  vari a ti ons i n  v i rt-
ual ly a l l  acci dent pa rameters . The hei ghts , wei ghts , pre- i mpact orientati on 
and i nj ury to l erance of  the i nvol ved pedestri ans vary consi derab ly , as do the 
i mpact speeds and l o cations of the contacts of the veh i c l e s  i nvolved . Thus 
a s i ng l e  tes t under one set o f  s tandardi zed condi tions , can only test one 
poi n t  of the acc i dent  conti nuum .  The use of a s ing le  tes t  i s  therefore not 
suffi c i  ent .  

These condi tions  s uggest tha t there are three parts to the testi ng of  the 
pedes tri an protecti on propert ies of the veh i c l e  front s tructures : -

l .  tes ti ng of the dynam i c  st i ffness of the veh i cl e  front  structure , 
prob ably by an  i mpactor. the maxi mum s ti ffness of  spec i f i ed zones 
bei ng determi ned from con si deration of the i mpact s peed and i nj ury 
tol e rance d i s tributions  o f  veh i c l e s  and pedes tri ans i nvol ved i n  real 
acc i dents . 

2 .  i dent i f i cati on o f  the location o f  the head i mpact zone for the 
part i cu l a r veh i c l e  by conducti ng ful l scal e beh i r. l e  dunmy i mpa c t  tes ts . 
The l i m i t s  o f  the zone bei ng deterrnined from an  i mpact tes t  a t ,  
pos s i b l y ,  30 km/h wi th a 6 yr . o l d  ch i .J d  dummy and an i mpact tes t at . 
poss i b l y ,  50 km/ h w i t h  a 95% adu l t  mal e  dummy . 

3 .  tes ti ng the st i ffness of poi nts wi thi n  the head i mpact zone , aga i n  
probab ly wi th an i mpactor the ma xi mum s ti  f fness o f  the zone bei ng  
s peci f i  ed . 
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Of these three proposa l s , the front compl i ance tes t i s  perhaps mos t i mportant 
because the prov is ion  of a ' pro-pedes tri an ' comp l i an t  front s tructure wi l l  
not only reduce pel v i c  and l eq i njuri es but  a l so have a benefi c i al effect on 
head i njur ies . 

A rguab l y ,  the i n troduction o f  compl i an t  front s tructures wi l l  produce benefi ts , 
i n  terms of i nj u ry mi ti gation  qui te comparab l e  to the e ffects that have 
resu l ted for car occupants from the i ntroduc ti on of  seat bel ts . 
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