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1 .  INTRODUCTI OM 

When a col l i s i on occurs between a car and a pedestr ian , the victim unde r ­
goes mu l ti p l e  i mpacts aqai nst the c a r  before stri k i ng the ground . Any study of 
such col l i s i on s  must prov i de a pre c i se answer to the primary q uesti on whi ch 
ari ses , name l y :  wh i ch of th ese two tyres of i mpact - that aga i nst  the car , or 
that a�a i nst  the qround - res u l ts i n  the most severe i nj u r i e s ?  C l early , the 
effecti venes s  of any poss i b l e  mod i fi cati ons to the car i n  order to protect the 
pedestri an wi l l  depend on the answer to th i s  q ues t i on . 

F i rs t ,  the avai l ab l e  acci dento l og i ca l  data are exami ned , after wh i ch the  
experi mental data  are analysed . The various res u l ts are d i scussed and  the d i f­
fi cul t ies  emphas i zed . The prob l ems set by analy s i s  of i nj uries  to parts of 
the body other t han the head are men t i oned . Howeve r ,  the s utdy i s  mai n ly con­
cerned w ith  head i nj u ri es . I nj u ries  caused by i mpact w i t h  the car are termed 
1 1primary 11 , and those caused by i mpact w i th the gr ound 1 1secondary 11 •  

2 .  ACC I DENTOLOGI CAL DATA .  

B i d i s ci p l i nary analyses o f  pedestri an acci dents h ave been made by the 
Un i vers i ty of B i rmi n9ham ( 1 ) , the Un i vers i ty of Berl i n  ( 2 ) , the Peugeot­
Ren a u l t  As s oc i ati on ( :.:1 ) , T . P. . R . L .  ( 4 ) and CALSPAN ( 5 ) . 

2 . 1 .  I nj u ries  to parts of t he body other than the head - Fractures o f  t�e 
t i b i a , femur and pelv1 s ,  �nee spra1 n s , bu rst1 ng of the l i ver and s p l een i n  
the adu l t  and  ch i l d ,  toqether with  i nj ury of the thorax and s p i ne of the 
chi l d ,  qenera l ly correspond to d i rect , h i gh l y - l o ca l i sed i mpacts a0ai nst b urn­
pers , the area around the headl amps , the radi ator p ane l and the l eadi ng edge 
of the bonnet . No part i cul ar prob l ems a ri se i n  an a lys i n q  the ori g i n  of these 
i n j uries . A n umber of res u l ts are gi ven b e l ow :  

- 1 1 7  1 1 pr imary"  i nj u ri es out o f  a total o f  130 i n j uries  t o  the l ower l i mbs 
w ith a sever ity of  /l. I S � 2 ( 1 ) , 

Th i s  re.s earch i s  conducted i n  the frame of a 1 1Proorammed Themat i c  .A.ct i o r "  
w i t h  the ass i stance o f  the French Admi n i strat i on . 

· 
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33 11 pri mary11 i nj u ri es out of a tota l of 36 i n j uries  to the l ower l i mbs w i th 
a severi ty o f  A I S � 2 ( 3 )  

12t>  1 1pri mary11 i n j u ri es out of a tota l o f  146 i nj uri es to the l ower l i mbs of 
more than mi nor severi ty ( 4 ) . 
20 1 1pri mary11 i nj u r i es out of 3? i nj u ri e s  to the pe l v i s  with  a severi ty of 
A I S � 2  ( 1 ) , 

46 1 1pri mary 11 i nJ uries  out of 54 i n juri es to the pe l vi s  of more than mi nor 
severi ty ( 4 ) , 

3 11 pri mary11 i njur ies  out of 3 i nj uries  to the pel v i s  w i th a severi ty of 
AI S � 2  ( 3 ) , 

10 1 1primary 11 l nJ u ri es out of 12  i nj uries  to the abdomen of more than mi nor 
sever i ty ( 4 ) , 

6 11 pr imary 11 i nj ur ies out of 6 i njur ies  to the abdomen w i th a s everi ty of 
A I S � 2 ( 3 ) . 

The su rvey conducted by the Un i ve rs i ty of Berl i n  ( 2 )  confi rms that most 
i nj uri es to the l ower l i mb s ,  pe l v i s  and abdomen are caused by impact aga i nst 
the car , as a l s o  a re most i nj u ri es to the thorax o f  the chi l d .  CALS PAN , how­
eve r ,  ascri bes re l ati vely gre ater importance to impacts agai nst  the ground , 
but i t  wou l d  appear that i nj u ries  of minor  seve r i ty were not d i s t i n gui shed 
from more serious  i nj uries  ( 5 ) . 

These vari ous f ind i nas show that 80 to 100 % o f  i nj u ries  of a certa i n  
severi ty t o  the l ower l i mbs , abdomen and pe l v i s  are caused by the car . 

Ana l ys i s  of  i nj u ri es to the t horax and sp ine  of the adu l t  i s  a more del i ­
cate matter : i nj u ries  to the thorax a re more exten s i ve ,  and i nj u ries  to the 
sp ine  may be the outcome of stresses exe rted i nd i rect ly  as a resu l t  of the 
i nerti a of  parts of the body . The few acci dento l o9 ica l  data avai l ab l e  ascri be 
the ori q i n  of these i n jur ies  essenti a l ly to i mpact agai nst  the car : 

20 1 1 pri mary 11 i nj uries  out of  24 i nj u ri es to the t.h orax of more than mi nor 
severi ty ( 4 )  

1 9  11p r i mary 11 i nj uries  out o f  2 3  i njur ies  to the thorax w i th a severi ty of 
A I S :). 2  ( 3 ) , 

the car i s  the cause of most i nj u ri es to the thorax of  the adu l t  and the 
ch i l d  ( 2 ) . 

Data on i nj uri es to the s p i ne are few and far between : 1 i nj ury to the 
s p i ne ( A I S = 2 )  and 1 to the neck ( A I S = 2 )  caused by the car ( 3 ) ; 4 out of 
5 1 1 thoraco-l umb a r 11 i nj u ries  and 7 out of 11 i nj uries  to the neck of more thar 
m inor severity a re caused by i mp act agai nst  the car ( 4 ) . 

2 . 2 .  I nj u ri es to  the head - Genera l ly speak inq , the ori g i n  of  head i nj ur ies 
i s  mnrR d1ff1 cult to estab l i s h than i s  that of i nj uries  to  ot her parts of 



the body . Be fore pr�senti n g  and d i scuss i n g  the methodol ogy of th i s  ana lysi s ,  
i n  re l at i o n  to experimental data , the avai l ab l e  acci dentol ogi cal  data are 
s ummar i zed : 

�DiY�r�i!�_Qf_�ir�iD9Q��- ( 1 ) :  
- out of  a total of 40 head i nj u ries  w i th a severi ty of A I S  4-5- 6 :  23 

" p r i ma ry " , 9 11 secondary 11 and 8 non-cl as s i fi ab l e ;  

- out of a tota l of 8e head ( and faci a l ) i nj u ri e s  w ith  a severi ty of 
A I S  2-3 : 54 11 pr imary 11 , 26 'secondary 11 and 8 non-c l as s i fi ab l e ;  

L ß!.ß!.b!. ( 4 ) :  
- out of  a tot a l  of 140 head i n j u ri es of more than minor  severi ty :  62  

" primary " ,  41  1 1secondary 11 ( +  1 runover ) ;  

- out of a total  of 3� fatal i nJ uri es of a l l types : 2 1  11 p r imary " and 14  
1 1 secondary 11 • Th i s  b re akdown gi ves some i n di cat i on as to the ori 9 i n  of  fatal 
head i nj u ri es , the head be i n g  the seat of  the maj or ity of a l l fatal i njuri es . 

�DiY�r�i!� _Qf_��rl iD ( 2 ) : 
- 52  1 1 pri mary 11 and 1 "secondary "  l nJ uries \'ti th a severi ty of A I S  4 - 5  

( C f .  fi gure 22-23 , ref .  ( 2 ) ) .  Th i s  res u l t  refers on ly  to acci dents i n  whi ch 
the veh i c l e  was not i mpacted i n  the edge area on the veh i c l e  front . 

Th i s  d i s tri·but i on , whi ch covers a l l part s  of the body , shows that no more 
than one s i n q l e  h i qh ly  severe head-to-ground i mpact occured . Accord ing  to the 
cri teri on used i n  th i s  s urvey ( Re l at i ve Traumat i se Degree ) , head-to-car i mpacts 
of the adu l t  and chi l d  were the maj or cause of head i nj uri e s . 

����E�� ( 5 ) :  

36 % of head-to-car i mpacts res u l t  i n  seri ous i nJ ur i es , as agai nst  2 7  % 
of head-to- ground i mpacts wi th the  adu l t pedestri an . The correspon d i n g  fi �ures 
for the chi l d  are 65 % and 13 % . 

Ibg _E��9�Q!:8�D��l!_���Q�i�!i2Q _ {�E8l ( 3 ) : 
One appl i cati on of  the s u rvey res i ded i n  consi deri ng two d i sti nct sub­

s amp l es : acci dents with  head-to-car i mpact ( a ) and acci dents wi thout head-to­
car i mpact ( b )  ( es cape v i a  the s i de of  the car , or l ow col l i s i on speed ) . 

( a )  6ffiQ�D!�_iQYQ1YiQ9_�_Q��9:!Q:S�r _ i�e�s!_ fQ _:_ §�l - Tab l e  1 i n di cates the 
severi ty of i nj uries  to the head ascr i b ab l e  to  head-to-car i mpact in  terms of 
the col l i s i on speed . Tab l e  2 i n di cates the severity of the " secondary "  i mpacts 
aga i n s t  the ground , together wi t h  the non - c l ass i fi a b l e  cases . As can be seen , 

no " secondary 11 i mpact wi th a se veri ty of over 2 was detected , a 1 1  the 
severe and fata l  head i nj uries  fal l i n g  i nto the "primary "  or 1 1 non-c l a s s i fi ab l e "  
categori es . 
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Tab l e  1 - Severi ty of 1 1pri mary 11 head i mp acts as a funct i on of the col l i s i on 
speed ( N  = 6 9 ) . -
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Tab l e  2 - Severi ty of "secondary "  and 1 1non -c l ass i fi ab l e 11 head i mpacts as 
a funct i on of  the co l l i s i on speed (N = 6 9 ) . -

( b )  ���i9�Q1�_QQ1_iQY21YiQ9_�-���9:!2:��r_i����� - Tab l e  3 i ndi cates the seve­
r i ty of i nj u ri es that can on ly  be the con seq uence of head-to- ground i mpacts . 
l t  can be seen that severe and h i gh ly severe i nj uri es  start to occur at l e s s  
than 3 0  km/ h . T h e  severi  ty of  these "head-to-ground 1 1  i n j  u r i  e s  compared t o  the 
eva l uati on of the severi ty of 1 1secondary 11 head-to-gro·und  i nj uri es ( 90  % of 
i nj uri es  A I S � 1 ) ra i ses a p rob l em as regards th i s  eval uat i on .  The d i fferent 
k i nemat i�s of the pedes trian  that are observed i n  these two types of col l i s i on 
and wh i ch probab ly  l ead to more severe head-to-ground i mpacts where there i s  
no prev i ous head-to-car i mpact ( l ow s peed escape confi gurat i on s ) , 



are not s uffi ci ent to  expl a i n  such a l arge di fference between the two head-to-
ground i mpact s amp l e s . Th i s  di fference cou l d  poss i b l y  be the con seq uence of 
underes timat i n g  the sever i ty of the " secondary "  head-to-ground i mpacts . 

He ad A I S  � % 

5 1 1 2 4 1 3  

4 1 1 3 

3 1 1 2 7 

2 1 2 2 1 6 20 

1 4 6 1 1 1 2  40 

0 4 1 5 1 7  

< 2 0  20-30 30-40 40- 50 50-60 >60 V km/ h 
Tab l e  3 .  Seve r i ty of head-to-ground i mpacts i n  acci dents not i nvo l v i ng a head­

to-car i mpact . 

In  both s amp l es of head-to-ground i mpacts , " secondary "  and di  rect head­
to-g round i mpacts , there i s  few corre l at i on between the severi ty of the head 
i nj ury and the col l i s i on speed . 

An exami n at i o n  of  the nature of the head i n j u r i es i n  these two s ub - s am­
p l es ( ( a '  ( b ) ) p rov i des no parti cul ar expl anati on . At a severi ty i ndex of 
A I S  = 5 three quarters of the i nj u ries  res u l ti ng from head-to-car i mpacts 
and d i rect head- to-ground i mpacts con s i s t  of a comb i n at i on of  fracture of  the 
sku l l and  h i gh ly  severe brai n trauma ( tab l e  4 ) . 

He ad  AIS  E + F E F He ad A I S  E + F E F 

5 16 5 2 5 3 1 

4 2 4 1 
3 1 1 3 2 

2 1 2 1  1 2 1 4 1 

a b 
E = b ra i n  i nj u ry 
F = s k u l l fracture 

E+F at A I S  4-5  l e ve l = very se vere brai n i nj ury + s ku l l fracture 

Ta�1 e 4 - Nature of head i nj u r i e s  i n  acci dents i nvol vi n g  ( a )  and not 
i n vol v i n g  ( b )  a head-to-car i mpact . -



I f  non-c l ass i fi ab l e  cases are excl uded , these vari ous res u l ts ( 1 )  ( 3 )  of 
acci dento l ogi cal ana lyse woul d i ndi cate that at a severi ty l evel of A I S  4- 5 .  
head-to-car i mpact i s  the cause of 72  % to 83  % of  head i nj u ries , wh i l s t head­
to-car i mpact gi ves ri se to head i nj u ries  of med i um seve r i ty ( A I S  2-3 )  i n  68 % 
to 70 % of  the cases . I f  non-c l as s i fi ab l e cases are tak€n i n to account , 
i denti fied head-to-car i mpacts woul d  be the cause of  58 % to 76 % of A IS  4- 5 
head i nj uries  and of 61  % to 67  % of A IS  2-3  head i nj uries . By contrast , the 
maj o r i ty of head i nj uri es wi th a severi ty i ndex of A I S  = 1 appear to be caused 
by head-to-ground i mpact . These data have to be compa red to experimental data . 

3 .  EXPER IMENTAL DATA 

Expe r imental col l i s i ons performed us i ng adu l t dummies  and compri s i ng 
mea s urement of the i nj ury cri teri a enab l e  the severi ty of  11 p rimary 11 and 
1 1secondary11 i mpacts to be compa red . 

3 . 1 .  Parts of the body other that the head - Experi mental  data shows that i m­
pacts of the lower limbs against the front face of the car are more severe 
than i mpacts of the l ower l i mbs ( knee and ank l e  acce l e rati o n )  agai nst  the 
groun d .  As regards the pel v i s ,  i mpact of the th igh  aga i nst  the front face of 
the car i nduces a re su l tant acce l eration wh i ch i s  general l y  greater than that 
mea s u red on i mpact wi th the ground ( 6 )  ( 7 )  ( 8 ) . Howeve r ,  an experimental 
s tudy ( 9 )  has g i ven ri se to h i gh acce l erations  when the pel v i s  stri kes the 
ground .  Ca l cu l at i on of an i ndex tak ing  i nto account the duration of the i mpact 
wou l d  be a better cri teri on than the maxi mum res u l tant acce l erat i on of the 
pel vi s for compari ng i mpacts of w ide ly  di ffer ing  durati ons . 

Acce l erat i o n  of the thorax on impact wi th the ground sel dom exceeds 40-
50 g .  ( 6 )  ( 7 ) ( 8 )  ( 10 ) . On i mpact aga i nst  the car , acce l eration of the thorax 
i s  moderate at col l i si on s peeds of up to 40 km/h ; above th i s  s peed , severe 
thorax-to-car i mpacts occur ( c f .  80 g .  i n  a col l i s i on at  43 km/h ( 7 ) ) .  However ,  
a study has  reve a l ed acce l erati ons of over 50 g .  on i mpact of the thorax 
aga i nst  the ground ( 9 ) . 

l t  shoul d be poi nted out  that h i gh acce l erati ons of the thorax are 
some t i mes measured duri ng i nd i rect i mpacts agai nst  the e l bow or head of the 
d ummy , the shock bei ng transmi tted through the arm or neck . Di rect i mpacts 
near the accel erometer can.  g i ve ri se to stepped-up acce l erati ons . 

Al though mos t  experimental studies  reveal a majori ty of severe thorax-to­
car i mpacts , one cannot excl ude the pos s i b i l i ty that  i mpact of the thorax 
aga i n s t  the ground gi ves r i s e  to a l i mi ted number of i nj uries  of average 
severi ty . 

As regards the s p i ne and  neck of the adu l t ,  i t  i s  d i ffi cul t  to arri ve a t  
any h ard-and-fast concl u s i ons . Nonethe l ess , these i nj uries  are probably 
associ ated to severe i mpacts agai nst  the pel vi s ,  thorax and head . The ori g i n  of 
i nj u r i e s  to the sp i ne must be stud ied i n  re l at i on to the ori g i n  of i nj uries  to 
the pel v i s ,  thorax and head . 

3 .  2 .  The „head - I n  order to compare 1 1pri mary11 and 11 secondary 11 head i mpacts , an 
adequate i nJ ury cri teri on has  to be sel ected . Maxi mum acce l erati on i s  not a 
good cri teri on for compar i n g  i mp acts of wide ly  d i fferi ng durati ons . The H I C  

' '] r. \ '  (/ •. -



cri teri on , whi ch a l l ows for the duration of the i mpact , appears better-sui ted 
to comparati ve study . Thi s  cri terion i s  used by various authors and thei r 
resu l ts are presented be l ow .  

�Q!���99�D ( 9 )  - The resu l ts of 44 tests ( on the GOLF model us i ng a 
pe rcenTiTe- -5-0- adu l t  dummy) show that the severi ty of the " seconda ry "  head 
i mpact d i d  not exceed H I C  = 1000 and that the 1 1pri mary11 head i mpact i s  of 
greater severi ty than the " secondary "  head i mpact above col l i s i on speeds of 
a bout 35  km/ h .  A good corre l ati on appears between the seve ri ty of the head- to­
car i mpact and the col l i s i on speed . In contrast , the severi ty of t he 
1 1secondary11 i mpact appears to bear l i tt l e  re l at i on to the col l i s i on speed . 

UDi Y�r� i!�_Qf_§�r! i D  ( 7 )  - A seri es of tests performed wi th an experimen­
tal veli i cl e  the profi l e  of wh i ch can be adj usted and wi th a percenti l e-50 adult 
dummy shows that the " primary1 1  head i mpact i s  more severe than the 1 1secondary 11 
head i mpact for the vari ous profi l es stud i e d . Indi ces of up to H I C  = 2000 at 
12 m/s ( 43 km/ h )  are observed for head-to- c � r  i mpact , whi l e  the head-to- ground 
i mpact does not exceed H.IC = 300 . FH '- 500 Hz .  

���Q�- g9!�_VDiY�r� i!.Y ( 1 1 )  - The severi ty of "pr imary "  and  1 1 secondary "  
head 1 mpäcts was compared in two tests . In both cases , the severi ty of the 
head-to-car i mpact was greater than that of  the head-to- soi l i mpact . 

�Q!!�:�Q��� ( 1 2 )  - The head i nj ury cri terion was greater on head-to­
ground i mpact in  two cases out of three ( co l l i s i on speed = 24 km/h ) .  

Ib�- ���g�Q!:8�D��! !_���Q�i�!i2� ( 6 )  - Head-to-car i mpacts were speci fi cal ­
ly  stuai ed (13) . The i nj ury cri terion  measured on the head ( H I C )  can be very 
h i gh at  a col l i s ion  speed of 32 km/h i n  the event of the head stri k i ng a ri g i d  
zone o f  the car ; aga i nst  a wi ndscreen , the severi ty of head i mpact i s  
genera l l y  moderate ( H I C  < 1000 ) up to re l at i ve l y  11 h i gh 11 speeds ( �  45 km/ h ) .  

The seve ri ty of  11 secondary1 1  head i mpacts i s  essenti al l y  a functi on of the 
ve l oci ty of the head on stri k i ng  the ground and of the n ature of the surface . 

The vel oc i t ies  were measured i n  a few cases ( tabl e 5 ) . l t  appears that 
head-to-ground i mpact vel oc i t ies  wi th a re l at i vely h i gh verti ca l  component can 
be associ ated to col l i s i on s  at l ow speed . Conversely , h i gh speed col l i s i ons 
can be associ ated to head- to-ground i mpact vel oc i t i es wi th a rel a t i ve l y  l ow 
vert i ca l  component . Th i s  verti ca l  component of the head i mpact vel oc i ty i s  re­
l ated ,  a s i de from the hei ght through wh ich  the head fal l s  and the dummy 
rotati on ve l oc i ty ,  to previ ous ground contacts w i th other parts of the body , 
the nature and effect on the ki nemati cs of  the head of wh i ch cannot be 
foreseen , s i nce the n umber of parameters to be cons i dered i s  too great . Th i s  
exp l a i ns the l ow corre l at i v i ty between the col l i s i on speed and  the head- to­
ground i mpact severi ty . 

The hori zontal  component of the head ve l oc i ty appears to have l ess effect 
on the se11eri ty of the 1 1secondary"  head i mpact than does that of the verti ca 1 
component . 

S i nce the characteri s ti cs around the peri phery of the head of a dummy are 
vari abl e ,  i mpacts of the same v i o l ence wh i ch occur at d i fferent po i nts of the 
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head may g i ve r i se  to di fferi ng severi ty i nd i ces , parti cu l ar ly  i n  the case of 
i mpacts agai ns t  a ri g i d  surface , whi ch is  the case for head-to-ground i mpacts . 
Th i s  l ack  of symmetry of the head may expl ai n why i mpacts of l ower v io l ence 
l ead to h i gher i nd i ces ( tab l e  5 ) . The r ig i d i ty of the neck may a l so affect the 
i nj u ry cri teri a measured on the head . i n  certa i n  confi gurati ons ( 13 ) . 

The i nci dence of the profi l e  of the veh i cl e  on the v i o l ence of the 
" secondary"  head i mpact has al ready been studi ed ( 6 ) ( 7 ) . I f  one consi ders the 
tests performed by the APR w i th d i fferent veh i c l e  profi l es , i t  can be seen that 
at col l i s i on speeds of 30 to 45 km/ h , head-to-veh i c l e  i mpact was of the grea­
tes t severi ty 13  t i mes out of 23 , and a severi ty of H I C  = 1 500 was exceeded 
4 t i mes for head-to- car i mpact , as against  5 t i mes for head-to-ground i mpact 
( ta b l e  6 ) . At col l i s i on speed under 30 km/ h , the seve ri ty of head - to- ground 
i mpact was h i ghest 9 t i mes out of 1 7 ,  whi l e  a severi ty of H I C  = 1 500 was 
exceeded three ti mes for head-to-ground i mpact . It shoul d be noted that the 
confi gurations  for these tests ( pe rcenti l e-50  dummy 1 . 75 m tal l and i mpact 
agai nst  the central area of the fron t  face of the cars ) i ncrease the freq uen­
cy of head-to-wi nds creen i mpacts and reduce the ri s k  of h i gh l y  severe head­
to-car i mpacts aga i n s t  the w indscreen frame . 

Synthes i s  - The tests performed by Vol kswagen ( 9 ) , the Un i ve rs i ty of 
Berl i n  (7) and the Wayne-State Uni vers i ty ( 1 1 )  reveal the g reater severi ty of 
"prima ry "  head i mpacts as based on the H I C  cri teri on , si nce no i ndex exceeded 
H I C  • 1000 for " secondary "  head i mpacts . The tests performed by The Peugeot­
Renaul t Associ ati on ( 6 ) revea 1 a ri s k  of severe "secondary"  head i mpacts at  
col l i s i on speeds from 1 5  to  45  km/h . We h ave no  s i mp l e  i n te rpretati on a l l owi ng 
these resu l ts to be expl ai ned ( H I C  < 1000 on head-to-ground i mpact i n  more 
than 50 tests at l ow and h i gh col l i s i on speeds ( 7 )  ( 9 )  ( 11 )  ; H I C  > 1500 on 
head- to-ground i mpact e i ght t imes i n  fourty tests ( T.6 ) ) .  The presented 
experi mental  res u l ts g i ve no i nformati on as regards the head-to-ground impact 
severi ty i n  acci dents wi.thout any head- to-car i mpact and on the head i mpact 
severi ty of the chi ' l  d .  These confi gurati ons wou l  d i ncrease the re 1 ati ve 
i nci dence of head-to-ground i mpacts . 

For further study , systematic  measurement of the hea9 vel oci ty on 
stri k i ng  the ground shoul d enab l e  the scatter caused by the asymmetry of the 
characte ri s t i c s  of the dummy head and the use of d i fferent mode l s  of dummy 
head to be e l i mi nated . By project i n g  a standa rd head agai n s t  the ground at 
measured  speeds . duri ng overa l l tests , i t  shou l d  then prove pos s i b l e  to make 
measurements of a better-estab l i shed i nj ury cri teri on . 

4 .  DI SCUSS I ON 

4 . 1 .  Acci dento l ogi cal analys i s  - Acci dento l ogi cal data wou l d  i nd i cate that 
head-to-car impact causes the great majori ty of h i gh ly-serious  i nj ur ies  and of 
serious i nj ur ies  to the head .  Howeve r ,  the d i ffi cu l ty of thi s analys i s  makes 
any est imat ion  of the preci s i on of t h i s  res u l t  hazardous . The fol l owi ng are a 
number o f  factors enabl ing  a hypothes i s  to be put forward : 

the appearance of external i nj uri es 

the l ocation  of the i nj ury or i nj ur ies  on the head 
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- the nature of the i nj ury or i nj uries  ; 

- the deformat i on of the car ascri babl e to i mpact of the head ; 

- the presumpti ve ci rcumstances of the fal l ,  a l l ow i n g  for the decel erati o n  
of the car , the col l i s i on speed , the profi l e  o f  the car , the height  o f  
the pedestri an , etc . . .  ; 

- the traces on the ground , i f  any . 

The externa l  appearance of the head i n  certai n cases reveal s the proba b l e  
ori g i n  of a n  i mpact observed . I f ,  i n  addi t i on , a n  i nj ury t h a t  c a n  b e  pi npoi nted 
( fracture , s ubdural hematoma ) corresponds to the poi nt  of i mpact concerned on 
the head , the ori gi n  of th i s  i nj ury can be establ i s hed . 

Locati on of the i mpact on the head a l s o  enab l e s  a hypothes i s  to be 
formul ated as regards i ts ori g i n ,  a l l ow i ng for the way i n  whi ch the pedestri an 
i s  struck { from the l eft , from the r ight , head-on , or from beh i nd ) , together 
wi th the addi ti onal hypothe s i s  of l i mi ted rotati on of the head between the 
moment of i n i ti a l  contact and that when the head stri kes the car . Here agai n ,  
i f  t h i s  trace of i mpact i s  associ ated to a we l l - l ocated i nj u ry ( fracture , 
subdural  hematoma ) ,  i ts ori g i n  can be estab l i shed . 

The pres umpti ve c i rcumstances of the fal l onto the ground , a l l ow i ng for 
the overa l l k i nemati cs , can i n  certa i n  cases enab l e  the ri s k  of h i ghly severe 
i mpact of the head agai nst  the ground to be estimated . For i ns tance , i f  the 
pedes tri an has s l i d  a l ong  the bannet duri ng moderate b ra k i ng of the car , and 
fa l l s  to the ground \'Ji t h  the feet forward , when the veh i cl e i s  at  rest , the 
probab i l i ty of h i gh l y  severe head-to-ground i mpact i s  l ow .  

Traces o f  i mpact o f  the head agai nst  the car enabl e the v i o l ence of thi s 
i mpact to be compared w i th reference to experimental data . However ,  the 
detecti on of an apparently severe head-to-car i mpact and the coup l i ng of th i s  
i mpact to the i nj ury observed i nvol ves.  the ri s k  of i gnori ng  the pos s i bi l i ty 
of a ''secondary'' head-to-ground i mpact whi eh may be severe ·and  h ave aggravated 
the i nj ury res u l t i ng from the primary i mpact . Th i s  very probab ly  l eads to 
overestimating  the severi ty of head-to- car i mpacts and  underestimati ng that of 
head-to-ground i mpacts . What i s  i n  fact i n  certa i n · cases ascri bed to a s i ng l e  
i mpact i s  often · the outcome o f  two success i ve i mpacts . Shou l d  a l beit the fi rst 
i mpact have truly occured at  a l evel  of AIS = 5 ,  i t  woul d  not be superfl uous to 
detect a ''secondarl head-to-ground i mpact severi ty of AIS = 3 or 4 wi th a v iew 
to appra i s i ng the effecti veness of any eventual modi fi cati ons made to the car .  

However,  the essenti a l  d i ffi cu l ty res i des yet more i n  detect i n g  the  ori g i n  
o f  head i nj uries  o f  average severi ty that are the res u l t  o f  traumas o f  the 
b ra i n  and l os s  of con s c i ousness of varying  durati on . What was the deci s i ve 
i mpact caus i ng the i nj ury ? Di d the i nj ury resu l t from two s uccess i ve i mpacts 
o f  comparab l e  severi ty ? The traces on the head do not general l y  j usti fy any 
concl u s i on , s i nce average severi ty i mpacts may l eave no traces on the scal p .  
Here ag�i n ,  there i s  the danger of overestimat ing  the severi ty of head-to-car 
i mpact and i gnoring a 1 1secondary 11 i mpact o f  comparab l e severi ty . 
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4 . 2 .  Compari son of acci dento l ogi cal and experimental  data - Experi mental data 
y i e l d  no dec1 ve elements to the st.udy of any given accident , s i nce several 
recon s t i tuti ons of the acci dent wi th a dummy can g i ve ri se to wide ly  
d i ffe r i ng seve ri ty i nd i ces for the head- to-ground i mpact . The reconsti tutions 
enab l e the severi ty of a head-to-car i mpact to be apprai sed and not that of a 
head-to-ground i mpact for a gi ven acci dent . Synthes i s  of the resu l ts of a 
con s i dera b l e  n umber of experimental s i mu l at i ons nonethe l ess makes i t  pos s i b l e  
to e s t i mate the ri s k  o f  a severe head- to-ground i mpact for a g i ven  configura­
t i on , from the stati sti cal  standpoi nt . 

I f  one exami nes , from the stati sti cal s tandpo i nt ,  the r i s k  of hi gh ly  
severe head-to-ground i mpact , the acci dent S i mul ati ons wi th a dummy show di f­
feren t  resu l ts . The s i Mu l ati on resu l ts presented by Vol kswagen can be compared 
to the Peugeot- Renaul t acci dent i nves ti gati on ( no h i gh ly  severe "secondary "  
head i mpact) ( 3 )  ( 9 ) . Conversel y ,  the dummy tests resu l t� from APR ( 6 )  can be 
compared to the acci dento l ogi cal data presented by the Uni ve rs i ty of 
B i rmi ngham ( 1 )  ( h i gh l y  severe "secondary "  head i mpacts at the di ffe rent 
col l i s i on speeds ) .  However ,  the poss i b i l i ty of observ i ng the l ocation of a 
fracture and traces o f  i mpact on the head and on the car fo r most head 
i nj u ri es wi th a l evel of AIS 4-5 j usti fy the assumpt i on that the detecti on of 
the major cause of these i nj uries must be correct , the danger be i ng that of 
i gnori ng a secondary head- to-ground i mpact of l esser  severi ty and of 
surest imati ng the $everi ty of the "pri mary "  head impac t .  The accidento l og i ca l  
data stati ng that 5 8  % t o  7 6  % of AIS  = 4-5  i nj uries  are ma in ly  due t o  i mpact 
agai nst  the car shou l d  be a good est imate . 

As regards i nj uri es w i th a severi ty o f  A I S  = 2-3  resu l t i ng es senti a l l y  i n  
l oss of consci ousnes s ,  the experimental works showed that head-to- ground 
i mpacts correspond i ng to such a severi ty l evel are rather frequent . The 
d i ffi cu l ty or i mpos s i b i l i ty of accurate l y  detecting  the ori g i n  of these i nj u ­
r i e s  h a s  been emphazi sed . For these i nj uri es , the creation of a t h i rd 
category wou l d  be j ust i f i ed , n ame l y  i nj uries  caused be the veh i c l e  p l us the 
ground , or of i ndetermi nate ori gi n .  

Ta c l ari fy matters , Tab l e  7 proposes a matri x enabl i n g  a di sti ncti on to be 
drawn between the vari ous acci dent confi gurati ons from the s tandpo i n t  of the 
probab i l i ty of a severe or moderate head-to-car or head-to-ground i mpact . These 
data must be used wi th cauti on , s i nce each acci den t represents a case su i  gene­
ri s ,  concern i ng · wh i ch any concl us i ons must be preceded by pai nstak ing analys i s ,  
i n  parti cu l ar of the traces of i mpact and i nj uri es . 

I n  the future , i t  wou l d  be useful  to s tudy the re l ati ve severi ty of 
" primary11 and " secondary11 head i mpacts at col l i s ion  speeds where mod i fyi ng the 
car woul d permi t to reduce the severi ty of the 1 1pri mary" head i mpact . In the 
s peed range from 30 to 50 km/h , the pub l i s hed  resu l ts show that the major cause 
o f  head i nj uri es wou l d be the "pri mary" i mpact i n  more than 50 % of cases ( 6 )  
( 7 ) ( 9 )  ( 1 )  ( 2 )  ( 3 )  and that the majori ty o f  h i gh l y  severe head i mpacts 
corres pond to head-to-car i mpacts ( 7 ) ( 9 )  ( 1 )  ( 2 )  ( 3 ) . Tes ts w i th a chi l d  dummy 
shou l d  a l so be conducted i n  the future . 

5 .  CONCLOS IONS 

1 .Impact agai nst  the front face of the car accounts for 80 to 100 r of 
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l nJ uri es wi th a severi ty o f  A I S � 2 on the l ower l i mbs , pe l vi s  and abdomen of 
the pede stri an . 

2 . The or1 g 1 n  of the i nj ur ies  to the thorax and spi ne of the pedestri an i s  
probab ly  i mpact agai nst the car i n  the great maj ori ty of cases . 

3 . The major cause o f  head i nj uries wi th a seve r i ty of A I S  = 4-5  i s  head- to­
car i mpact i n  58 to 76 % o f  the cases . Head- to-ground impacts wi th a severi ty 
·Of A I S  = 2-3-4 fol l owi ng  h i gh ly  severe head- to-veh i c l e  i mpacts are di ffi cul t 
to detect by acci dentol og ica l  analyse and a re probab ly  underesti mated . 

4 . The major cause of head i nj uries with  a severi ty of A I S = 2-3 i s  di ffi cul t 
or i mpos s i b l e  to determi ne by acci dentol ogi cal ana lys i s .  I n  certa i n  cases , the 
aggregrate effect of two s ucces s i ve i mpacts cou l d  cause the i nj u ry observed 
(mai n l y  l oss of con sci ousness ) .  Acci dento l ogi cal data , whi ch i ndi cate that the 
car i s  the maj or cause of these i nj uri es i n  6 1  to 67 % of the cases , probab ly  
overesti mate th� i mportance o f  the head-to-car i mpacts . 

5 . The ground i s  the maj or cause of head i nj ur ies  wi th a severi ty of ft I S  = 1 .  
I n  the future , studyi ng the re l ati ve severi ty of 1 1primary 11 and 1 1secondary 11 

head i mpacts at  col l i s i on speeds from 30 to 50 km/h wou l d  a l l ow to es timate the 
e ffi ci ency of arrangi ng the car so that to reduce the "prima ry "  head i mpact 
severi ty . At present s tage , i t appears that the 1 1pri mary 11 head i mpact i s ,  i n  
col l i s i on s  from 30 to 50 km/h , the most  severe i mpact i n  the maj ori ty of cases 
and the cause of the majori ty of h i g h l y  severe head i n j uries . Th i s  res ul t 
shou l d  be control l ed by further experi mental tests wi th adu l t  and chi l d  
dummi es . The speed of the head on ground i mpact shou l d  be measured and a 
standardi zed head shou l d  be used so that to make meas urement of a better 
estab l i shed i nj ury cri teri on , the characteri s t i cs of the head ( th i ckness and 
r ig i d i ty of the s k i n )  determi n i ng the l evel of the i nj ury cri teri on . 

106 



REFERENCES 

1 S . J .  ASHTON , J . B .  PEDER and G . M .  MACKAY : " Pedestri an i nj uries  and the 
car exteri or" . Acci dent Research Uni t ,  Dept . of Transpo rtat i on & 
Envi ronmental  P l anni ng , Uni vers i ty of B I RM I NGHAM , ' ENGLAND . 

2 G .  STURTZ , E .  SUREN : "Ki nemati c  of real pedestri an and  two-wheel ri der 
acci dents and speci a l  aspects of the pedestri an acci dent " , i n  Ses s i on on 
B i omecha n i cs of Inj ury through Acci dent Ana l ys i s  ( I RCOB I ,  AMSTERDAM 1976 ) . 

3 C .  THOMAS , G .  STCHERBATCHEFF , P .  DUCLOS , C .  TARR I E RE ,  J . Y .  FORET- BRUNO , 
C .  GOT : " A  synthes i s  of data from a mu l ti -purpose s urvey on pedestri an 
acci dents " , i n  Proceedi ngs of Sess i on on B i omechani cs of Inj ury through 
Acci dent Analys i s ,  ( I RCOB I , AMSTERDAM 1976 ) . 

4 T . R . R . L .  : " Pedes tri an i n j uries " ,  LF  3 1 7  I s sue 4 ,  Department of the 
Envi ronment ,  CROWTHORNE , B ERKSH I R E , RG l l  6 AU , ENGLAND . 

5 P . M .  CULOWS KI and a l . : " Resea rch i n  i mpact protecti on for oedes tri an anc 
cycl i s ts " , CALSPAN , P . B .  201 260 , May 1 97 1 .  National  Techni ca l  I nformation  
Serv i ce ,  U . S .  Dep t .  of Commerce . 

6 G .  STCHERBATCHEFF , C .  TARR I ERE , P .  DUCLOS and A .  FAYON : " S i mu l ation  of 
col l i s i on s  between pedestri ans and vehi cl es us i ng adu l t  and ch i l d  d ummi e s "  
i n  Proceedi ngs of the 19th Stapp Car Crash Conference . 

7 M .  KRAMER : " Pedestri an vehi cl e acci dent s i mu l ati on thtough dummy tests " , 
i n  Proceedi ngs of the 19th Stapp Car Crash Conference . 

8 A .  KUHNEL : "Vehi cl e- pedestri an col l i s i on experi ments wi th the use of a 
mov i ng dummy " , i n  Proceedi ngs of the 1 8th Annual  Meeti ng , A . A„ A . tlt . , 
Sep t .  1 974 .  

9 R .  HAAR , E .  LUCCH I N I , R .  \ff ISSNER : " Automobi l e  and pedestrian  - The 
acci dent s i tuat ion " ,  i n  Proceedi ngs of the I nternat iona l  Conference on 
Pedes tri an Safety , HA IFA - I SRAEL . Dec .  1976 . MI CHLOL-Pub l i sh i ng House , 
Techni  on HA IFA .  

10 D. S EVERY & H .  BR INK : " Auto-Pedes tri an col l i s i on experi ments " ,  
Automoti ve Engi neeri ng Congress , DETRO I T ,  M I C H I GAN , Jan . 10- 1 4 ,  1966 . 

1 1  K . W .  KRI EGER ,  A . J .  PADGAON KAR & A . I .  K I NG : " Fu l l  sca l e  experi mental 
s i mu l ati on of pedestri an-vehi c l e  i mpacts " ,  i n  Proceedi ngs of the 20th 
Stapp Car Crash Conference , pp 4 3 1 - 463 , NEW-YORK , S . A . E .  I nc . , 1976 . 

1 2  D . G . C .  BACON & M . R .  W I LSON : " Bumper characteri s t i c s  for i mproved 
pedes tri an s afety " ,  i n  Proceedi ngs of the 20th Stapp Car Crash Conference , 
PP 391-428 , NEW-YORK , S . A . E .  I nc . , 1976 . 

1 3  G .  ·STCHE RBATCH EFF , P .  DUCLOS , C .  TARRI ERE , C .  GOT : " S i mu l ati ons and 
recons tructi ons of pedestri ans and two-wheel ri ders head-to-car i mpacts 1 1 , 
i n  Proceedi ngs o f  the 3rd I nternati onal  Conference on the B i o k i neti cs of 
impacts ( I RCOB I )  - BERL IN  1977 . 


