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ABSTRACT 

I n  the f r ame of the p r ogram of pedestr i an s a f e t y  i mprovement made i n  

MARSE I LLE under c o l l abora t i an between ONSER, MARSE I LLE Med i ca l  U n i ver s i t y  
and C I TROEN/PSA, 170 f u l l scal e pedestr i an t e s t s  were perf ormed ( 1 00 
cadavers tests and 70 dummy test s > . 

Th i s  e x p e r i ment a l  pragram a l l owed us t o  ana l yz e  espec i al l y  head 
k i nema t i c  i n  rel a t i an w i t h  car i mp a c t  speed 1 1 0 ta 4 0  k m / h )  i mp a c t  

c an f i gurat i on C f a c i n g  a n d  s i d e )  a n d  veh i c u l e  t y p e .  T h i s  ana l ysi s t a k e s  
i n t o  cansi derat i on h i g h  speed f i l ms ,  h e a d  accel erat i an ,  i nj ur y  

d i st r i b ut i on ,  and mechan i c a l  character i st i c s  of car areas h i t  b y  t h e  head . 

At t h e  p r esent t i m e ,  t h e  use af an e x p e r i ment a l  car p l at f ar m ,  wh i ch 

h a s  adjustab l e  f r o n t  s h a p e ,  a l l aw s  t o  r e l ate head k i nemat i c  t o  car f r ont 
praf i l e  C shape and st i f f n ess > . Mareover it a l l aws a mare c am p l e t e  anal ysi s 
of k i nemat i c s as t h i s p l atf or m  daes not i nc l ude bannet , w i n d s h i e l d  and 

raaf . 

Th i s  paper i nc l udes resul t s  af head k i nemat i c s p o i n t i n g  out t h e  

ef f ec t  af i mpact speed , vehi c l e  f r ont p r af i l e ,  and des c r i bes head i nj ury 
t yp o l og y  of pedest r i an h i t  by a passenger car . 
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I NTRODUC T I  ON 

The i mp a c t s  e x p er i mentat i on 
p r oduct i on passenger cars h i t t i n g  
cadaver s ,  i n  s i mp l e  exper i mental 
scatter i ng of t h e  resu l t s .  The 

dummy > are h i t  e i ther in f r ontal 
f r om 10 Km/h t o  40 Km/h . ( 1 1  

p r o g r am was carr i ed out w i t h  mass 
ei t h er anthropometr i c  dumm i es or human 

con d i t i on s  i n  order to rest r i ct t h e  
sub_i ec t s  ( f resh dead body o r  ONSER 5 0  

or i n  p r of i l e . T h e  i mp a c t  speed var i es 

The anal ys i s  of h i gh speed f i l ms ( 500 and 1 , 000 f r ames per sec . ) ,  
the recor d i n g  of accel eromet r i c  measures together w i t h  the study o f  

l es i ons n ot i ced o n  t h e  cadaver s a l l ow t o  app r ec i ate t h e  i nf l uence o f  
several i mpact parameters and to approach i n_iury mechani sms . < 2 >  ( 3 )  

I f  t h e  f i rst ob_iec t i ve o f  our team i s  t o  reduce t h e  agress i v i ty of 
the veh i c l es toward s  the l es i on s  o f  the pedestr i an ' s  l ower l i mb s ( 4 ) ( 5 ) , we 

have al ways caref u l l y  deal t w i t h  t h e  p r o b l ems of t h e  k i nema t i c  and t h e  
l es i ons o f  t h e  cephal i c  segmen t ( 6 J . Actual l y  these two b od i l y  segments a r e  
t h e  most f r equen t l y  i n_iured and v e r y  of t en the i r  i n_iur i es determi ne t h e  
pedest r i an ' s  over a l l  sever i t y .  

The work presents an approach of t h e  head ' s  k i nemat i c ,  based on t h e  
resul t s  o f  t h e  veh i c l e-pedes t r i an i mp a c t  t e s t s ,  c ar r i ed out a t  MARSE I LL E .  

I - TESTS COND I T I ONS : 
The exper i ment a l  cond i t i on s  are vol untar i l y  s i m p l i f i ed so as t o  

i n crease t h e  repeatab i l i t y o f  t h e  i mp a c t s .  I t  i s  not a matter o f  acc i d e n t  

reconst r uc t i on i n vol vi n g  pedest r i an s  but on l y  of e x p e r i men t a l  i mp ac t s ,  
whose e x p e r i men t a l  protocol i s  set out here 

The i mp ac t i ng veh i c l e  i s  a mass product i on car whose d es i gn 
suspen s i ons are over t i g h t ed i n  order t o  put the veh i c l e  i n  a posi t i on 
correspon d i n g  t o  a b r ak i n g of 6 m / s 2  . Th i s  l oc k i n g  a l l ow t o  ob t a i n a 
constant h e i g h t  f or the i mpact p o i n t s  on t h e  sub_iect . 

The b r a k i ng of t h e  veh i c l e  i s  p e r f ormed when t h e  i mpact h i t s t h e  
pedest r i a n ,  t h rough t h e  or i g i nal b r a k i n g  syst e m .  

The wi ndscreen f i t t i n g t h e  veh i c l e  i s  m a d e  of l ami nated g l ass so 
as to vi sual i z e  the i mpact of the head . 

A l l t h e  components of t h e  veh i c l e  i nvol ved i n  t h e  i mp a c t  are 
r e p l aced before each test . 

T h e  pedestr i an i s  h e l d  i n  a s t an d i n g  posi t i on at t h e  p l ac e  of t h e  
i mp ac t ,  b u t  camp l et e l y  r e l eased some m i l l i secondes b e f or t h e  i mp ac t .  

- The sub_i ec t  i s  p l aced i n  t h e  l on g i t ud i n a l  ax i s  o f  t h e  veh i c l e . 
- The k i nemat i c  an a l y s i s  i s  c ar r i ed out mai n l y  w i th t h e  hel p of h i gh 

speed f i l ms < 500 or 1 , 000 f r ames per sec . ) .  
When accel eromet r i c  measures are recorded , th e 1 r  number h a s  been 

vol untary reduced < 1 5 at the max i mum> i n  order that the pedes t r i an 
k i nemat i c  shou l d  not be d i sturbed by t h e  c ab l e  i n f l uence. 

The anatom i c  sub_i ec t s  are f resh human cadaver s . Th e i r preparat i on 
and t h e  i n t e r p r et a t i on of t h e  l es i ons are c ar r i ed out by t h e  med i ca l  team 
o f  t h e  Anatomy Labor a t o r y .  

* Numbers w i t h  ( )  r e f er t o  t h e  b i b l i og r a p h y .  
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Dur t eam ' s f i rst objec t i ve i s  t h e  anal ys i s  of t h e  f i r s t  i mp a c t  
between the f r ontal f ac e  o f  t h e  veh i c l e  and t h e  pedest r i an ' s  l ower 
l i mb s , so as to assess the means o f  p r o t ec t i on f or f r equent l es i on s  and 
of t en ser i ous at l ang t e r m .  

However , t h e  resu l t s  sub m i t t ed h e r e  c o n c e r n  t h e  k i nemat i c  anal ysi s of t h e  
h e a d  accor d i n g  to d i f f erent parameters of the i mp a c t < 7 l  C i mpact 

speed , veh i c l e  mass and p r of i l e , i mp a c t  c on f i gurat i on . . .  l as wei l as t h e  
l es i on s  ana l y s i s  o f  the cephal i c  segmen t .  

I I  - K I NE MA T I C  ANALYS I S  

The anal ysi s o f  test f i l ms has enab l e  t o  draw t h e  head ' s  tajector i es 
f o r  a l l the tests than ks t o  a graph i c  method ( f i g . N ° :  2 and 3 )  and t o  

determ i n e  t h e  i mpact speed o f  t h e  head a n  t h e  veh i c l e  C V TA > . 
Furthermore the i mpact p o i n t  of t h e  head an t h e  f r ames h a s  been noted 

and h i s  posi t i on C l l  has been l ocated i n  compari son w i t h  the devel oped 
l en g h t  of the veh i c l e  p r o f i l e . C F i g . N " l )  

Owi n g  t o  t h e  scatter i n g  of t h e  r e a l  i mpact speed and t h e  dead b o d i es' 

h e i g h t  we have b a l anced these val ues b y  an a l y s i n g  t h e  r at i os :  
- VTA/VO , where VO i s  t h e  i mp a c t  speed o f  t h e  vehi c l e .  
- L / T  , where T i s  the subject ' s  hei g h t . 

For t h e  tests where accel eromet r i c  measures have been r e c or ded we have 
character i z ed the head ' s  k i n emat i c  b y  the resul tant accel erat i on v a l u e  of 

the head < .  � max l ,  the maxi mum val ue o f  th i s  accel erat i on f o r  a p er i od 
h i gher or equal t o  3 ms ( t - 3 m s )  and t h e  c a l c u l a t i on of t h e  H I C .  

T 

F i g . n ° 1 : De f i n i t i on of character i st i c  parameters 
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Oms 
80ms 

F i g . N °  2 : an e x emp l e  of k i nemat i c s  f or t h e  ONSER dummy 

Oms 

F i g . N °  3 : an ex emp l e  of k i nemat i c s f or a test w i t h  cadaver 
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I I 
t h e  head C VTA> 

1 .  I n f l  uence of t h e  v e h i  c l  e speed on t h e  i mpact speed o f  

We have t h e  resul t s  of 1 0 1  i mp ac t  tests . The t es t s  c o nd i t i ons are a s  
f o l l ow i n g  : 

- p e d est r i ans s i mul ated by 

. anatom i c  sub j e c t  ( 58 cases l , 

. dummy < 43 cases l . 
i mpact c on f i gurat i on : i n  f r ontal , 

i n  p r of i l e . 
- veh i c l e  : V I SA s a l oon car ( ser i al and mod i f i ed l  

GSA sal oon c ar 

- speed at t h e  t i me of i mp ac t :  25 f::m/h ( 6 . 9  m / s l , 
32 Km/h ( 8 . 9  m / s l , 
39 Km/h ( 1 0 .  8 m / s l . 

Resu l t s  a r e  l i sted i n  F i g . N ° 5 to 8 .  

N o  notab l e  d i f f erence emer g e s  between t h e  r esu l t s  w i t h  cadavers and 
those w i t h dummi es when t h e  sub j ec t  i s  h i t  i n  f r ontal . The s i gn i f i cant 
scatter i ng observed i n  p r of i l e  tests makes the c o m p a r i son d i f f i cu l t  i n  
t h i s  k i n d  of conf i gurat i on .  

are h i gher when t h e  subject i s  h i t  i n  
speed i s  gener a l l y  h i g h er than t h e  speed 

The head ' s  contact speeds 

f r on t a l . I n  th i s  case the i mp a c t  
when t h e  veh i c l e  i s  i mp ac t i ng 
c on f i gurati on these r e su l t s  i n vert 

t o  t h e  ar m ' s i n terven t i on between 
h i gher st i f f ness of the sub j ec t s  i n  

VTA/� ., --- ------o 
o . 1 1 CAD. - FRONTAL 1 1 

1,5 -------'- --�--Q-1 _ _  _ 1 0 1 
Q • o 8 � ' 

1 \7 1 
l 0 l s  
1 g 0 108 1 0 1 1 

- - - -- - �- - --- - - � - - - - - - - + - - - - -
' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

o. ------�-------�-------+-----
' 1 1 

0 

1 1 1 
' 1 1 1 1 1 1 1 ' 1 1 1 V 
5 10 15 

CVO< VTA< 1 . 5  VDI . I n  t h e  p r of i l e  
( 0 . 5 VO<VTA< VOI , t h i s  b e i n g  mai n l y  due 

the body and the veh i c l e  but al so to a 
l at e r a l  bend i n g .  

VTA./WfJ . 1 i C"O._ PAOFILE 
1,5 -------:----.„-R-{.��;�iiiuu i:ouor 

o. 

0 

0 1 1 
1 1 1 1 1 1 � 1 o roc 10 1 : 0 0 ·� O'IWTOPOSITIO" •p couor 

- - --- -�---u----��----- -+- -- --1 1 0 1 
1 D 1 B 1 
I O  1 1 1 O 1 o 1 1 1 1 1 0 1 1 1 0 1 1 - --- - - -1----0--- -, -- - - - - - T - ----
1 ° 1 1 1 1 1 1 1 1 ' 1 1 1 1 1 1 1 1 

5 10 15 
V 

F i g . N ° 5  and 6 : d i str i but i on of VTA/VO accor d i ng to i mp a c t  speeds ( c r ashes 

w i t h cadaver s l  
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F i g . N ° 7  and B : d i st r i b ut i on of VTA/VO accor d i n g  to i mp a c t  speeds ( c r ashes 
w i t h  dumm i e s )  

I I  
t h e  head ( L )  

'i .... . I n f l uence of t h e  veh i c l e  speed on t h e  i mpact p o i nt o f  

We have t h e  resul t s  of t h e  1 0 1  i mpact t e st s i  t h e  c on d i t i on s  o f  t h ese 
tests were p r esented previ ous l y .  F i gures N ° 9  to 12 show these resul t s .  

The cadavers and dumm i e s '  behavi our i s  comparab l e .  Resu l t s  are 
shared out in accordance w i t h  a curve i the summ i t  of w h i ch corresponds t o  
a speed o f  t h e  veh i c l e  o f  about 9 m / s  a t  t h e  t i me o f  t h e  i mpact . Th i s  
speed b e i n g  p r ob a b l y  due t o  t h e  d i sc on t i n u i t y  o f  t h e  s l opes o f  t h e  
surfaces o f  t h e  bannet and o f  t h e  w i ndscreen . 

T h e  f ac t  t h at t h e  pedest r i an shou l d  be h i t  i n  f r ontal or i n  p r of i l e  

does not al ter n o t i ceab l y  t h e  compar at i ve p o s i t i on o f  t h e  i mpact p o i n t . 

l/T" CAD. - rRONTAL L/r · 
IS - - - - - - - - - - - - - - • - -

Cfl:O. - PROFILE 
IS - - - - - - - - - - - - - - • - -

o. 

0 

1 
1 1 1 1 0 1 0 1 l�I 1 1 1 1 1 1 -----�--,,-- ---1 ------- 1 --: 

i ! 1 1 1 1 1 1 1 1 - - - - - - ,- - - - - - - , - - - - - - - r - - -

1 1 1 ; 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 V 
5 10 15 1\15 

1 1 
1 1 1 1 

: �: : 1 1 1 1 0  1 - - - - - - �� - - - - - � 1 -@. -- - - - T - - -,A"� 1 1 / 1 D 1 1 
/ .  1 1 1 

/ 1 1 1 
Cl 1 1 1 1 1 1 0, - - - - - - �- - - - - - -i - - - - - - - + � - -

0 

1 1 · I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 V 
5 10 15 11,S 

------ -· ----- - . ·---··„ . 
F i g . N ° 9  and 1 0  : d i st r i b ut i on of L / T  accor d i ng t o  i mpact speeds C cr ashes 
w i t h  cadave r s >  
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L/r ouM. - FRONTAL · DUM. _ PROFILE 
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o. 

0 
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F i g . N ° 1 1  and 1 2 : d i st r i b u t i on of L / T  accor d i n g  t o  i mp a c t  speeds ( c r ashes 

w i t h  dumm i es )  

C VTA > 
I I  3 .  I n f l uence of t h e  vehi c l e d es i gn on t h e  i mpact speed 

We have the resul t s  of 50 t es t s  carr i ed out i n  the f ol l ow i n g  test 
cond i t i on s  : 

- pedest r i an s i mu l ates by c c adaver s ,  
- i mpacts c on f i gurat i on : i n  f ro n ta l , 

i n  p r of i l e , 
i n  CCMC ' posi t i on 

- veh i c l es C I TROEN 2CV passenger car , 
veh i c l es C I TROEN V I SA passenger car , 
veh i c l es C I TROEN GSA p assenger car , 
veh i c l es C I TROEN B X  p assenger car , 
veh i c l es F'EUGEOT 505 passenger c a r , < normal and mod i f i ed ) .  

< Th e  CCMC posi t i on i s  an 
prof i l e >  . 

i nt ermed i at e  posi t i on between f r on t a l  and 

F i gures n ° 1 3 and 14 gather t o g ether t hese resu l t s .  
The VTA average speed b y  veh i c l e  i s  h i gher when t h e  subject i s  h i t  i n  

f r ontal , ex cepted i n  t h e  2CV c as e .  
When t h e  subjec t s  are h i t  i n  f r ontal t h e  V T A  average speed i s  n o t  

very d i f f erent f r am a veh i c l e  t o  another . l t  i s  not i n f l uenced b y  t h e  
p r of i l e  or t h e  veh i c l e  m a s s .  I t  i s  a l ways h i gher t h an t h e  c a r  i mp a c t  speed 
< V O l . When t h e  subjects are h i t  i n  p r af i l e  t h e  VTA average speed i s  mare 

s c a t tered , but w i thout apparent connec t i on w i t h  t h e  p r of i l e  or t h e  
i mp a ct i ng m a s s  a f  the veh i c l e .  
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: I!) :� : : : : l :&' 13 vl\: >I <I ,1 1 1t1I l!j 
.J l:f ii::r;;, vl !!?I 111 1 �I 01 �IE ;i l� �I� ()II >I '11 1 U'li �11/1 0 --1-�.-:.J.::...���---l��-l-�--L��-L-....,,,,,,,�======== 

F i g . N ° 1 3  an d 1 4 : d i st r i but i on 
d e s i g n < tests w i th cadaver s )  

of VTA : VO accor d i n g  t o  t h e  v e h i c l e  
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I I  4 .  I n f l uence of t h e  veh i c l e  d e s i g n  on t h e  head ' s  i mpact 
p o i n t  

W e  have t h e  r esu l t s  o f  t h e  5 0  i mp a c t  t es t s  wh i c h  test cond i t i on s  
w e r e  submi tted i n  the p r e v i ous paragraph . The r e su l t s  a r e  gather together 

i n  Fi gures n ° 1 5 and 1 6 .  
The averages of t h ese r at i os L/T b y  v eh i c l e  and b y  c on f i gurat i on are 

very c l ose together and d a  not a l l ows t o  character i z e  the i n f l uence o f  a 
p r of i l e  and /or of a v eh i c u l e  mass. We note however that when t h e  s ub j ec t  
i s  h i t  i n  prof i l e  t h e  scatter i n g i s  more s i g n i f i c an t ,  ma i n l y  o w i n g  t o  the 

ar m ' s  i n terposi t i on wh i ch emphasi : es t h e  b o dy ' s  r o t at i on .  

1 1 ,5 ! 

0 ,5 
0 
1 ,5 

0,5 

L/i CAD. t FRO�TAL 
1 1 
1 1 
1 1 

1 1 1 1 1 1 1 1 1 1 1 1 
- - - - L - - - - L - - - - L - - - - L - - - - L - - - - L - - - -L----L---

1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 

„1.. 1 „..i., 1 1 1 1 1 Ff'1 : � � � "AXI � : 
cp � � � <;> :<D: '.Q)1 � � "'" 1 """' � � w. 4-J 

_ _ _ _  lt!_ _ _ _ _  L - - - - L - - - - L - - - - L - - - - L - - - - L - - - !!.11!!.1 _ _  _ 
1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 • 1 1 

- - - - L - - - - L - - - - L - - - - L - - - - L - - - - L - - - - L - - - - L - - -

Ltr 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 
:� :�  : : : : : :"' 
1 -'  ' cJI·- 1 1 1 1 1 1W <) .... ...... C[' _, ..J �i Z:I._ Cj1 .,,1 cCI ><I lnl lt'll -

_, 1 W <Jl ll! :J ·,,,-1 <l'I _,,1 01 01� 
C l ,,.  !JI� ""I �I \!11 "'I ln1 llll..n 

: Cf\D. t PROFILE 
1 1 1 
1 1 1 
1 1 1 
1 1 1 

1 1 1 1 1 1 1 1 
_ _ _ _  L _ _ _ _  L _ _ _ _  L _ _ _ _  L _ _ _ _  L _ _ _ _  L _ _ _ _  L _ _ _ _  L _ _  _ 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 

� : : „�.. � : „�., rA··, 1 "AXI � :0: . 4J . � ;m; 1 
cp � i!J � Wi  di � eh  ----�----�---i::t.J---�----�---c!:.r---�---��---
1 1 ""'" 1 1 "1"1 1 1 

L..J.._j 1 1 1 1 1 1 L..J.._j 
"""' 1 1 1 1 1 1 ""'' 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 . 1 1 1 1 1 1 1 1 1 .  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
----L--�-L----L----L----L----L-� - - L - - - -L - - -

1 . 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i:J '-x 1 1 1 1 1 1 !( 
: ö  J :ll  : : : : : :� 

...t i·- r,E >1 1:1 er ,  >< '  lt\1 1t1, _ -'' � u1"' "1 -1 "' 1  11 1  o , .  O , f  < 1  > V I� Dfl > 1  '3 1  "' 1  "'1 in , .i>  _o'-=±===�==========!::=================�==============� 
F i g . N ° 1 5  and 1 6 :  d i s t r i but i on of L / T  accor d i n g  t o  t h e  vehi c l e  d e s i g n ( tests 

w i th dumm i es )  
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I I  - 5 .  Resu l t s  of t h e  accel eromet r i c  measures : 

We h a ve c h osen t o  pr es en t t h e  resul t s  of a 8 t e s t s  r a n k ( B l . ( 4  
cadavers a n d  4 dumm i es l  car r i ed out w i t h  a PEUGEOT 1 04 sal oon car , at a 39 
K m / h  speed 1 1 0 . 8  m / s )  i n  p r of i l e ,  the average v a l ues of t h e  r es u l t s of 
wh i c h are g i ven i n  t h e  F i g .  N ° : 1 7 . 

average average aver age average aver a g e  

VTA/VO L/T H I C  max -3ms 

TESTS W I TH DUMM I E S  

1 . 46 1 . 06 625 1 46g 74g 

TESTS W I TH CADAVERS 

1 . 40 1 . 05 420 1 00g 39g 

F i g . N ° 1 7 : Re su l t s  of accel erometr i c  measur e s .  

( average val ues f or 8 tests w i t h  1 04 PEUGEDT> 

We n ot i c e that t h e  val ues obta i n ed are i n  t h e same o r d er cf 
magn i t u d e  f or the dumm i es and f or the cadaver s ,  a l though t h e  val ues 

r ecorded w i t h  t h e  dumm i e s  seem general l y  s l i gh t l y h i g h er . 
The l ow val ues of t h e  H I C  come f r om t h e  f ac t t h at t h e  h ead ' s  i mpact 

occurs on t h e  w i n d screen . 

I I  - 6 .  T h e  k i nernat i c  of t h e  f al l  an th e ground : 

T h e  an a l ys i s  of a l l t h e  tests car r i ed out p o i nted out that t h e  ground 

f al l  p hasi s i s  very uncertai n .  No c on n ec t i on w i t h  the tests parameters has 
been set up . We g i ve some exarnp l es of ground f al l  p os i t 1 on a n d  t h e  val ues 
of t h e  head ' s  speed i n  compari son w i t h  t h e  ground a c c or d i n g  to t h e  veh i c l e  

d es i g n  I VT C )  i n  F i g .  N ° 1 8 and 1 9 .  

However w e  n ot i c e t h at t h e  vert i c a l  component of t h e  h ead ' s  contact 
speed w i t h  the ground i s  a l ways c l ose t o  5 m / s .  We must J ot down t h at t h e  

h e i g h t  of t h e  u p p e r  part o f  t h e  veh i c l es bonnets used a r e  about 1 m .  a n d  
that a b o d y  f a l l i n g i n  f r ee f a l l a t  t h i s  h e i g h t  r e a c h s  a 4 . 4 m / s  speed . 
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F i g . N ° 1 8 :  examp l es of k i nemat i c  of t h e  f a l l on t h e  ground 

F A C E  0 5 1 0  M /S 
-

E T  "C C M C "  

1 
2 

5 

1 0  M� t 
: 2 C V  4 : BX I X/GSl 

2 : V I SA 5 : 505 

3 : GSA 6 : 505 M O D I  F I  E E  

P R  0 F I L 0 5 1 0  M /S 

E T  "C C M C "  

5 
5 

1 0  M /S 

F i g . N ° 1 9 : d i st r i b ut i on of t h e  head i mp a c t  speed accor d i n g  ta t h e  veh i c l e  
type < veh i c l e  i mpact speed : B . Sm / s  t e s t s  w i t h  cadaver s )  
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Beh i nd t h e s e  r esul t s  some general c o n c l usi ons can appear : 

T h e  head ' s  i mp a c t  speed i n  compari son w i t h  the veh i c l e  i s  next to t h e  
v eh i c l e  i mp a c t  speed < VO ) . l t  i s  h i g h er t o  t h e  l at ter i n  t h e  case of 
f r o n t a l  i mp a c t s  < VD<VTA< l . 5  V D I  wh i l e i t  tends t o  dec rease f or t h e  p r of i l e  
i mp a c t s  ( 0 . 5  VD<VTA< VO J .  

l t  does not seem t o  b e  very i n f l uenced b y  t h e  i mp a c t i ng v e h i c l e  
p r af i l e  ar mass, i n  t h e  case of t h e  6 passenger cars used i n  those tests . 
The arm ' s  i n terposi t i an at p r af i l e  i mp a c t s  as w e l l as t h e  h i g h er l at e r a l  
r i g i d i t y af t h e  subjec t s ,  w i den t h e  scatt er i ng o f  t h e  val ues recarded i n  
t h i s  canf i gurat i on .  

The area i mpacted b y  t h e  head depends an t h e  i n i t i al speed at t h e  
t i me af t h e  i mp a c t ,  an t h e  subject s i z e  and a n  t h e  devel oped l en g t h  af t h e  
veh i c l e  p r af i l e .  

T h e  d i st r i but i an af t h e  posi t i an af t h e  i mp a c t  p a i n t ,  accor d i ng t a  
t h e  veh i c l e  speed a t  t h e  t i me a f  t h e  i mpact , reaches i t s maxi mum f a r  about 

9 m / s .  Hawever t h i s  f eature c an be an autcame af t h e  shapes near l y  n ex t  to 
t h e  veh i c l es used . 

T h e  i mp a c t  p a i nt pasi t i on C L J  measured a l on g s i d e  t h e  p r of i l e  af t h e  
veh i c l e  i s  we l l  cannected w i t h  t h e  pedestr i an ' s  s i z e  parameters < T l  and 
t h e  i mp a c t  speed ( f or 3 2  Km/h : T< L< 1 . 3  T l . 

I n  our r an k  t h e  H I C  v a l ues a r e  r e l a t i v e l y  l aw o w i n g  to t h e  head ' s  
i mp a c t  i n  t h e  wi n d s c r e e n ,  t h i s  because af t h e  pasi t i on af t h e  sub j ec t  i n  
r e l a t i an t o  t h e  veh i c l e ,  c h asen i n  t h e  case af t h ese t e s t s .  The i mpact an 

mare agress i ve f r ames shau l d  warsen t h e  head ac c e l e r at i on l evel s .  ( 9 ) 

The graund f a l l p h a s i s  seems very uncer t a i n  and not much i n f l uenced 
b y  t h e  i mp a c t  p a r ame t e r s .  

I n  aur t ests r an k  t h e  head i mp a c t  speed a n  t h e  g r aund r emai n e d  l es s  
h i gh t h a n  t h e  head i mp a c t  speed an t h e  w i ndsc reen . 
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I I I  - ANALYS I S  OF THE CEPHAL I C  SEGMENT I NJUR I ES : 

We have t h e  resu l t s of 93 tests w i th c a d avers e x p e r i mented i n  t h e  two 
i mpact c o n f i gurat i on s ,  at i mpact speeds b etween 10 and 3 9  Km / h ,  w i t h  t h e  

hel p o f  6 mass p r od uc t i on passenger c a r s .  

A f t e r  e a c h  test t h e  subject i s  e x a m i n ed b y  t h e  anatom i c  l aboratory ' s  

team. T h e  l i st o f  l es i ons are d r awn up w i t h  t h e  h e l p  o f  X-Ray p i ctures a n d  

t h e  autop sy ' s  r e su l t .  Th i s  i nvest i g a t i n g  p r o t o c o l  i s  s at i s f ac t o r y  at t h e  

l evel o f  t h e  r e so l ut i on af t h e  osseous l es i an s .  O n  t h e  a t h e r  h a n d  i t  

rema i n s  i n adequate t o  eval uate l es i on s  o f  t h e  e n c ep h a l on . T h e  use o f  t h e  
sc a l i ng o f  t h e  sever i t y  a f  head i nj ur i es w i th t h e  h e l p o f  t h e  A I S  i s  

therefare on l y  an est i mate owi ng t a  t h e  i mp o r t a n c e  of t h e  c o n sc i ence l evel 
in the sever i t y o f  c e p h a l i c  l es i on s .  

W e  h ave k ep t  a s  e st i mat i on e l ements t h e  number o f  l es i on s  n ot i ce d ,  
t h e  typol ogy o f  these l es i ons a s  wei l a s  t h e  assessment o f  t h e  sever i t y  

w i t h  t h e  h e l p of t h e  A I S ,  wi thout c on s i d er i ng t h e  c h an g es o f  t h e  i n dex due 
to t h e  l ease o f  consci ousness. 

The r e su l t s  of t h ese anal yses a r e  g i ven i n  F i gures 20 a n d  2 1 .  

We n ot i ce t h at the occur r e n c e  af t h e  head a n d  t h e  n ec k ' s  l es i ons i s  

f r equen t .  Th i s  f r equency i s  h i g h e r  i n  t h e  f rontal i mp a c t s  case ( 80 X cf 

the cases l t h an i n  p r of i l e  i mp a c t s  ( 69 . 6  X l . 
T h e  p r o t ec t i on of f ered by t h e  ar m ' s  i nterposi t i on a n d  t h e  r ed u c t i on 

of t h e  h e ad ' s  i mp act speed an t h e  veh i c l e ,  i n  th i s  c on f i gurat i an ,  c a n  

e x p l a i n t h i s  d i f f er en c e .  

Legend o f  t h e  f i gures N ° 20 a n d  2 1 :  

I l : Cont usi ons ( h ead a n d  n ec k )  

I 2 : Wounds ( h ead a n d  nec k )  

I 3 : Fractures of t h e  s k u l l 

I 4 : Fractures of t h e  f a c e  

I 5 : Fractur e s  o f  t h e  cervi c a l  s p i n e  

I 6 : Ruptures o f  l i gaments ( ce r v i c a l  s p i n e )  

O . I . : I nJ u r i es o f  t h e  other segments 

( Thorax ; Pe l v i s ; Up p er and Lower Extremi t i es l  
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F I CH I ER 
! DATE 
! NOMBRE 

--- ----------------------------- - -- -- - ------ ---- - -- -- - - ----

Fi g . N ° : 2 0 FOCU I NJ UR I ES HEAD �� NE Cf< 
---------- --- -- - ---------------- ----------------------- - - --

Number of i n j ur i es : FACE 
--------------------------- ----- --- - ---- -------- ------- -- --
1 NUMBER ! VEH I CLE ! SPEED ! I 1 1 I ".'. " 1 3  ! I 4 !  I 5 ! 1 6 ! o .  I .  - · ----------------- ------ ---- --- - - -------- --------------- - - --

FOC9/2 G+VD 1 0  0 0 0 0 0 0 0 
FOC 9 / 3  ! G+VD 1 0  0 0 0 0 0 0 0 

1 FOC 1 1 /  1 ! G+VD 1 0  0 (l 0 0 0 0 0 
FOC 1 4/ 4 ! G+VD 20 0 0 0 0 0 0 ":! �· 

FOC 1 7 / 4 ! G+VD 20 1 2 2 
FOC 20/ 4 1  G+VD 20 1 3 
FOC 22/3 � G+VD 25 2 
FOC 26/ 1 1 V I SA 25 (l 
FOC 43 / 1  ! V I SA 25 0 
FOC 4 3 / 4 ! V I SA 25 1 
FOC 46/3 1 V I SA MO r'\C' �..J 0 
FOC 02 V I SA MO 25 1 1 5 
FOC 04 V I SA MO "')C' ._,_J 1 1 5 
FOC 27 GSA 25 1 1 0  
FOC 30 GSA 25 1 5 
FOC 3 1  GSA 25 1 1 2 
FOC 1 3  GSA 32 1 2 
FOC 1 5  GSA 32 1 1 4 �· ·-· 
FOC 1 6  V I SA ":!' ,.,  •.Jk 1 8 
FOC 1 8  V I SA 32 1 3 1 0  
FOC 43 V I SA 32 1 15 
FOC 54 GSA 32 r\ .:: � . .:: 6 
FOC 6 1  V I SA 32 1 1 1 2  
FOC 63 X /GS "":!' '"J  •-'L 2 1 1 9 
FOC 66 X /GS 32 1 1 1 1 5  
FOC 6 7  X / GS 32 r\ 

.:: 1 1 1 1 2  
FOC 68 X /GS ":!' '1  ._ . .._ "') .... 1 3 7 
FOC 69 X / GS '":!''"J 

._ . .._ 1 1 9 
FOC 7 8  505 ":!"') ·-'L 1 1 1 7 
FOC 8 1  505 -=!'1 �·L 1 6 
FOC 88 505 ":!'') 

._ .... 2 1 4  
FOC 90 505 32 1 5 
FOC 92 GSA 32 1 ,.., .:: 
FOC 1 00 2CV ""';!',..) ·-'"- 1 1 r\ 

.:: 1 0  
FOC 1 0 4  2 cv 32 2 3 
FOC 1 05 r\ 

.:: cv 32 "') ..:.. 1 8 
FOC 1 07 505 MOD ! 32 "' .:: 1 1 4  
FOC 1 08 505 MOD ! -:r"'> ·-'"'-

r) .:: 1 1  
FOC 1 09 505 MOD 1 ":!' '")  ·-• ..:... 1 8 
FOC 1 1 0 505 MOD ! -:r"'.l 

._ ...... 1 9 
FOC 96 2 cv 1 ":!' r')  

._ .... 4 1 1 1 6  
FOC 05 V I SA 1 39 1 1 5 
FOC 07 V I SA 39 1 1 7  
FOC 09 GSA 39 1 2 1 0  
FOC 1 1  GSA 39 1 ...... .:: 1 4  
FOC 50 GSA 39 1 1 1 

r> 
.:: 1 1 1 2  

FOC 73 V I SA 39 1 1 1 5  
---------------- ------------------------------------------ -

! 1 8 ! 35 ! 1 1  ! 25 ! 1 1  ! 2 ! 330 
--------- -------------- ----- ------- - - - - -- - - - - - ----- --------

1 
! 2 4 / 05 / 84 
! 47 
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F I CH I ER 
! DATE 
! NOMBRE 

-----------------------------------------------------------

Fi g . N ° : 2 1  FOC U I NJ UR I ES HEAD �( NECK 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  w _ _ _ _ _  

Numbef"' of i njuf"'i es : PROF I LE 
-------------- - ------ -- - - - - - - - - - - - - - - - - - - - -- ------ -- - -- - --- -

1 NUMBER 1 VEHI CLE ! SPEED ! I 1 ! I ,., i I ' i ·-· . I 4 !  r c- 1 ..J . I 6 1 o .  I .  
---- --------------------------------------------------------

FOC 9 / 1  1 G+VD 1 0  0 0 0 0 0 0 0 
FOC 1 1 / 2 1 G+VD 1 0  0 0 0 0 0 0 0 
FOC 1 4 / 5 1 G+VD 20 0 0 0 0 0 0 0 
FOC 1 7 / 5 !  G+VD 20 1 -:r -· 
FDC 20/3 1 G+VD 20 1 4 
FOC 22/4 ! G+VD 25 1 1 0 
FOC 26/ 2 ! V I SA ""' .t....J 3 
FOC 26/3 ! V I SA MO ! '")C:: ..t.....J 1 2 
FOC 43 / 2 ! V I SA 25 1 2 
FOC 4 6/ 5 !  V I SA MO 25 2 
FOC 03 V I SA MD '">C" ..::...J 1 4 
FOC .,.,., GSA 25 1 ""..!" ._ ... 4 -· 
FOC 35 GSA 25 .,. 

• .J 
FOC 38 GSA 25 2 0 
FOC 1 4  GSA 32 1 1  
FOC 1 7  V I SA ,.., 

._ . .._ 1 1 4  
FOC 39 V I SA o.:r '?  ._ . .... 1 5  
FOC 46 V I SA ,.., ._1..:.. 1 1 3 6 
FDC 55 GSA "Z'1 ._1..:., 1 1 ,.,":! ..:..·..J 
FOC 56 GSA '":!''"") ._ ...... 1 1 7  
FOC 62 V I SA ":!''"') ·-'"- 1 4 
FDC 64 X /GS ":!' ")  ._, ..... 1 24 
FOC 65 X / GS 32 1 4 
FOC 70 X /GS �'? ._ . ..._ 1 1 9 
FOC 7 1  X / GS 32 9 
FOC 72 X /GS � ""')  _ . .._ 2 4 
FOC 79 505 32 1 1 6  
FOC 84 505 '":!'"") ·-'"- 1 4 
FOC 87 505 .,.,., . ..:,1..;:, 1 1 8  
FOC 89 505 ":!'""') ·-•..:.. ri 

..::. 
..., 
.... 8 

FOC 9 1  GSA "':!'"") ·-•..:. 1 9  
FOC 9 7  2 cv .,.,., ·-'.L 1 9 
FOC 1 0 1  2CV "';!' I")  

•..J ..:.. 2 1 1 4  
FDC 1 02 2 cv ":!'"'} ._1 ..:,.. 1 5  
FOC 1 03 2 cv "":!'":' ._ . ._ 

5 
FOC 1 1 1  505 MOD "':?' '")  ._ . .._ 2 1 3  
FOC 1 1 3  505 MOD 32 7 
FOC 1 20 505 MDD . 32 1 8 
FOC 1 2 1  505 MOD ! "':!' '1  ·-·..:.. 1 6 
FOC 06 V I SA 39 1 1 5  
FDC 08 V I SA 39 1 8 
FOC 1 0  GSA 39 1 

ri 
..::. 1 1 9  

FOC 1 2  GSA 39 1 2 1 6 
FOC 4 1  V I SA 39 1 7 
FOC 4 5  V I SA 39 1 1 1 1 2  
FOC 52 GSA 39 1 1 1 1 -:r -· 

--- -- -- - - - -- - - - ------ ------- - - - -- ---- -- --- - - ----------- - - - - · 

1 1 5 !  "')'/ t 
....... . 1 0 !  6 1 -:r �· 1 2 ! 388 

------ --- -- - - - - - - - - ------------------------ -----------------

1 1 24/05/84 
! 46 
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I I I  - 1 .  Di str i but i on of t h e  l es i on s  : 

The " m i n ot- " l es i ons < A I S � 2 : b r u i ses and 1>mu n d s )  rept-esent 57 !. o f  

t h e  number o f  i n j ur i es recorder < F i g . N ° 22 ) .  

Number CONT. WO UND FRACT FRACT FRACT RUP T .  TOTAL 

of H�iN H�(N SKULL FACE C ER . S  CER . S 

i n j ur i es I 1 1 2  1 3  I 4  I 5  1 6  

FRONTAL : Nbr 1 8  �c-._ . ...; 1 1  25 1 1  2 1 0 2  

!. 1 7 . 4  34 . 3  1 0 . 8 24 . 5  1 0 . 8 2 . 0  1 00 . 0  

PROF I L E :  Nbr 1 5  22 1 0  6 ":!' ·-· 2 5 8  

'I 
, ,  25 . 9  37 . 9  1 7 . 2  1 0 . 4 5 . 2  3 . 4  1 00 . 0 

TOTAL : Nbr � '":!'  ·-··-· 57 2 1  3 1  1 4  4 1 60 

!. 20 . 6  35 . 6  1 3 .  1 1 9 . 4  8 . 8  ,.., C' ..::. • ..J 1 00 . 0  

F i g . n ° 2 2 : D i st r i b ut i on of t h e  number of i n j ur i es < h ead and 
n e c k-93 tests w i t h cadaver s )  

T h e  f ractures o f  t h e  s k u l l a r e  mor e f r equent i n  p r of i l e  i mp a c t s  
whereas t h e  f r actures of t h e  f ace are m o r e  numerous i n  t h e  f r ontal 
i mp a c t s . Th i s  i s  i n  accordance w i t h  t h e  resu l t s  of the k i nemat i c  a n a l y s i s .  

T h e  f r ontal i mpacts seem t o  i n duce more l es i ons of t h e  c e rv i c al sp i ne 

than i n  t h e  other c on f i gurati on . 

We n ot i c e t h at t h e  f r actures of t h e  s ku l l  a n d  of t h e  f ac e  as wel l as 
t h e  l es i ons o f  the cer v i c a l  s p i ne are o n l y  appear i n g f or i mpact speed s 
equal or greater t h an 32 Km / h , 

W e  d i d  not t a k e  note of any i n f l uence of t h e  c a r  desi g n  i mp ac t i ng at 
t h e  g e n er at i on o f  the head a n d  n ec k ' s  l es i ons l evel . 
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I I I  - 2 . Typol ogy of t h e  l es i ons : 

The d e t a i l of t h e  l es i on s  of A I S > 2 i s  g i ven i n  F i gure N ° 2 3 .  

FRACTURES O F  THE FACE ( 3 1  c ases) 

f r acture of nasal bones : 1 3  

f r acture of t h e  socket 

f racture of the ma>: i l l ar y  

f r acture of the m a l ar 

f racture of t h e  ethmo i d  

f r ac t ure of t h e  teeth 

f racture of the ma:-: i l l ar y  s i nus 

compl e:-: f r ac t u r e  

FRACTURE O F  THE SKULL ( 2 1 cases)  

ethmo i do-f r o n t a l  f r ac t u r e  
f racture of t h e  f r o n t a l  s i nus 

f r acture of t h e  occ i p i t a l  
temporo-oc c i p i t a l  f ra c t ure 

f r acture of the par i e t a l  

occ i p i to-par i et a l  f racture 

p a r i eto-f r o n t a l  f r acture 

f racture of t h e  f r o n t a l  

p a r i eto-t empor a l  f r acture 

f r acture of t h e  temporal 

5 
2 
'") .... 

4 
' ·-· 

1 
1 

2 
2 

1 
1 

2 
3 

3 

2 
3 

FRACTURE OF THE CERV ICAL SP I NE ( 1 4  c as e s )  

f racture of the ver t e b r a l  b o d y  C4: 
C 5 :  
C6 : 

ar t i cu l ar f r ac t ure C7 / 0 1 : 
C 5 / C 6 :  
C 4 / C 5 :  

F i g . N ° 23 : Typ o l og y  o f  h e a d  a n d  n e c k  
i n J ur i es ( 93 tests w i t h  

cadaver s )  
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We n ot i c e t h e  d i ver si t y  o f  t h e  l esi o n s  f ou n d .  For t h e  f ac e  t h e  
osseous f ra c t u r e  spec i f i c  t o  t h e  n o s e  i s  d om 1 n at 1 n g  whereas f o r  t h e  s k u l l 
t h e  f r a c t u r es are d i st r i b u t ed o n  t h e  wh o l e  b r a i n - b ox l et t i ng suppose t h at 
some a r e  a t t r i buab l e  to t h e  g r o u n d  f a l l ( a t  t h e  occ i p i t a l  l ev e l  f o r  
::?:: amp l e ) . 

The c er v i c a l  sp i ne i n j ur i es a r e  mai n l y  f r a c t u r e s  of t h e  vertebral 
body or of t h e  apophyses. We n ot i c e that t h e  l es i on s  are on l y  appear i n g 
b e l ow t h e  4th c er v i c a l  ver t eb r a .  

I I I  - 3 .  Assessment o f  t h e  i n j u r i es sever i t y : 
A l t h ough i t  i s  d i f f i c u l t t o  a p p r ec i at e  c omp l et e l y t h e  sever i t y w i t h  

t h e  a i d  o f  t h e  A I S  app l i ed t o  t h e  cadaver s ,  we n o t i c e  that a p r e d omi n an c y  
o f  t h e  l ow sever i t y  l es i o n s  < A I S � 2 >  par· t i c u l ar l y  out stan d i n g  f o r  t h e  
p r of i l e  i mp a c t s ,  as t h e  F i g u r e  N °  24 �haws i t .  

A I S  0 1 

FRONTAL : Nbr 4 1 9  

!. 8 . 5  40 . 4  

PROF I LE :  Nbr 17 20 

., ,, 36 . 9  43 . 5  

2 3 

8 9 

1 7 . 0  1 9 . 2  

1 ' 
·-· 

2 . 2  6 . 5  

4 

7 

1 4 . 5 

4 

8 . 7  

5 

0 

0 

1 

.-; „ L 1 ...::, 

TOTAL 

47 

1 00 .  0 

46 

1 00 . 0 

F i g . n ° 24 : Di st r i b ut i on of t e s t s  wi t h  cadavers a c c or d i n g  
t o  t h e  sever i t y a f  t h e  i n j u r i es o f  head & n ec k  

I n  g e n e r a l  c o n c l us i ons f r o m  t h e  l es i ons a n a l ys i s ,  w e  n ot i c e  : 

T h e  c e p h a l i c  segment ( h ead and n ec k )  i s  very e x p osed dur i n g 
pedest r i an-veh i c l e  i mp a c t  what ever t h e  i mpact speed , t h e  ven1 c l e  desi g n  or 
t h e  i mp a c t  c on f i gurat i on i s .  We n ot i c e hawever t h a t  t h e  ser 1 aus osseous 
l es i o n s  a r e  a p p ea r i ng f r om 32 Km/h . I n  31 % of t h e  cases w h e r e  t h e  subject 
i s  i n j u r e d , the head and the n ec k ' s  l es i o n s  were t h e  mast ser i ous l es i o n s .  

Prof i l e  i mp a c t s  are t h ose p r oduc i ng t h e  h 1 ghest number of l es i o n s  
a n d  t h e  l es i o n s  of h i g hest sever i t y .  

I f  t h e  i n f l ue n c e  o f  t h e  i mp a c t  c on f i gurat i on and t h e  i mp a c t  speed 
i s  ob v i ous , on the o t h er hand we have nat i c ed n o  c o n n ec t i on b e t ween the 
g e n e r at i on of h ead and n e c k ' s  l es i ons and t h e  t y p e  o f  t h e  i mp ac t i n g  
veh i c l e .  
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I V  - D I SCUSS I ON 

We n ot i c e t h at i t  i s  poss i b l e  t o  know better t h e  head ' s  k i nemat i c  

f r om ex per i me n t a l  i mp a c t s .  The i n f l uence o f  some i mp a c t  parameters can b e  

put i n  a consp i c i ous pos i t i on whereas f o r  other , chosen t e s t s  c o n d i t i on s ,  

i n  p ar t i c u l arl y t h e  c h o i c e  o f  t h e  veh i c l es used , d o  n o t  a l l ow i t .  
The k n ow l e d g e ,  accor d i ng t o  t h e  i mpact cond i t i on s  o f  t h e  

character i st i cs such as t h e  r at i os VTA/VO a n d  L / T  i s  i mportant . Th i s  

a l l ows t o  assess t h e  behavi our o f  veh i c l e  structure compone n t s  d ur i ng 

sp l i tted up tes t s .  I t  i s  then poss i b l e  to have noti ons of shape a n d / o r  of 

s t i f f ness of these structures brought i n  to try to p r otect the c e p h a l i c  

segment d ur i ng veh i c l e-pedest r i an acc i dents . 

I t  i s  i nterest i ng t o  n ot i c e  t h at t h e  dummy ' s  behavi our i s  q u i t e  
sa t i s f ac t o r y ,  p ar t i cu l ar l y  a t  t h e  k i nemat i c  l evel . Th i s  recor d i n g  meets 

other s i m i l ar wor k s .  

The assessment o f  t h e  l es i ons sever i t y i s  made d i f f i cu l t  f or a 

quotati on w i t h  t h e  a i d  of an i n dex C A I S l  i n adequate to t h e  use w i t h 

c adaver s .  The t a k i n g  i n  m i nd of t o l erance n ot i on s ,  c l i n i c a l  r e c or d i n g s  and 

the research o f  eq u i va l en c es between t h e  observed l es i ons on the l i v i n g  

and on cadavers w i l l  a l l ow t o  r e f i ne t h i s  ana l ys i s  o f  t h e  consequences of 
the pedestr i an-veh i c l e  i mp a c t s  i n  terms o f  i nj ur i es .  The p r o b l ems of 

s i mi l ar i ty o f  mass p r oduct i on c a r s ,  at t h e  l evel o f  shap e s , s i z es and 
b u i l d i n g tech n o l og i c a l  so l ut i ons have brought u s  t o  f o l l ow our research 

program by u s i n g  a n  e x p e r i men t a l  p l atf orm f i t t ed w i th a modi f i ab l e  and 

evo l ut i ve f ro n t a l  f ac e .  Th i s  a l l ows us t o  anal yse the pedestr i an ' s  

k i nemat i c a c c or d i n g t o  the i so l ated or j o i n t  i n f l uence of each structure 

component , a c c or d i n g  t o  i t s  s i tuat i on and /or i t s s t i f f n ess . 

l t  i s  then poss i b l e  t o  vi sual i z e  t h e  pedestr i an ' s  who l e  k i nemat i c  
wi thout b e i ng constra i nt by a f reezed p os i t i on of the bannet , t h e  

w i ndscreen or t h e  w i n g  of a normal veh i c l e . As wei l ,  t h e  d i f f i c u l t y  o f  

real i st i c  assessment o f  t h e  l es i on s  sever i t y not i ced dur i n g a n  

experi men t a l  i mp a c t  w i t h  dead-bod i es ,  o r i entate u s  t o w a r d s  t a k i n g  i nt o  

account t h e  c l i n i c a l  c a s e s  anal ys i s  i n  o r d e r  t o  c haracter i z e  b e t t e r  t h e  

i mportance o f  t h e  l es i ons not i c e d .  

F i n a l l y ,  t h e  better knowl edge o f  t h e  pedestr i an ' s  k i nemat i c  
parameters a l l ow us t o  c a r r y  out sp l i t t ed up resear c h  tests an the 

b i omecan i c a l  t o l erance o f  d i f f erent b od i l y  segments dur i n g i mp a c t s  such as 

those met d ur i ng pedest r i an-veh i c l e  t e s t s .  
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