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Th i s  i s  a s tudy of traffic acc i dents i nvol v i ng pedestri ans . W i th the 
a i m  of b e i ng a b l e  to poss i b l y  achi eve a l so a study of the c i nemat ics  of the 
i nj ured pedestri a n ,  we have sel ected acc i dents i n  whi ch both the pedestri an 
was i njured a nd the veh i c l e  was damaged . We l i m i ted the study to acci dents 
between a pedestri a n  and a four-wheel vehi c l e .  

STUDY OF THE PEDESTR IAN 

Importance of the l es i ons 

Th i s  study dea l s w i th 100 pedestri ans i njured in 94 acc i dents of 
var i ou s  degrees of seri ou s ness .  ( Some veh i c l es ran over several pedestri ans 
at a t ime and i n  2 cases only 1 s i ng l e  pedestri a n  was i nvol ved i n  an accident 
wi th 2 cars ) .  
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None of these i nj ured 
pedestri a ns showed an A I S  
9 ,  wh i c h corresponds to 
3 l es i ons , each be i ng fatal 
The average sever i ty i ndex 
for these pedestr ians ; s 

A I S  a v .  = 3 . 1  

Th i s  i ndex does not ref l ect the fact that the pedestri an was hospi ta-1 i zed or not. 

Non hospi ta l i zed 3 1  . . . . . . . . . . . . . . . A I S  a v .  = 1 . 3  
Total i nj ured 8 1  . . . . . . . . . . . . . . . . II = 2 . 1  
Hospi tal i zed , non fatal 50 I I  = 2 . 7  . . . . . . . 
Total hosp i ta l i zed 57 . . . . . . . . . . . . I I  = 3 . 1  
Fata l i ties  19  - 1 2  d i ed on the spot .  A I S  av . - 7 after bei ng admi tted to hosp i ta l  

Age and Sex 

The s tudy concerns 60 ma l es and 40 fema l es .  We have thus a s l i ght 
ma l e  preponderance compared w i th the nati onal  f i gures for 1974 ( X )  : 
Ma l e  = 54 . 4  % Fema l e  = 4 5 . 6  % 

= 7 . 4  
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For the mal es : 
For the fema l es 

A I S  a v .  = 3 . 0  
A I S  av . = 3 . 1  

So , the acc i dents are equal l y  ser i ou s  whatever the sex . 

The ages range from 2 to 90 , the average being  351/ 2 .  The frequency 
and importance of the l es i on s  accord i ng to the age are as  fol l ows 

From age 0 to 9 10 pedestri ans  - A I S  av . = 2 . 7  
II 10  to 1 9  27 II = 2 . 2  
11, .• 20 to 29  15  I I  = 3 . 9  

30 to 39  8 = 2 . 9  
40 to 49 8 = 3 . 0  
50 to 59 8 = 2 . 9  
60 to 6 9  7 = 4 . 0  
70 to 7 9  14 = 4 . 4  
80 on 3 = 1 .  7 

Our popu l ati on range compares wi th that of i njured pedestri ans  i n  the 
who l e  of France ( 1 )  ; i n  our case however , there i s  a 11 peak11 mai n ly between 
ages 10 and 20 . We a l s o  notice the smal l number of middl e aged adu l ts who 
are i nvol ved i n  acc i dents , and the rel ati ve  s l i ghtnes s of the ir  l es i ons com­
pared to those of young adu l ts ( aged 20 to 30 )  and of peopl e of reti rement 
age ( over 60) . As for the 3 pedes tri ans  i n  our s tudy who are over 80 , the i r  
l es i ons seem to be very s l i gh t ,  but we must s ay that these persons are syste­
mati ca l ly taken to hospi tal on account of the i r  o l d  age , and that on the 
correspond i ng veh i cl es  the damage was neg l i g i b l e ,  s uch a few scratches on the 
bodywork . 

I f  we di v i de our popu l ati on i nto a l mo s t  equal parts correspond i ng to 
typ i ca l  age groups , we note a n  i ncrease i n  grav i ty of the i njuri es proporti o­
nate to the age : 

From age 0 to 14 
II 1 5  to 29 
II 30 to 59 

Over 60 

28 pedestri ans  - A I S  av . 
24 II II 
24 
24 

II 
I I  

II 
II 

= 2 . �  
= 3 . 1  
= 2 . 9  
= 3 . 9  

Th i s  progress i ve i ncrease i s  better seen o n  a graph . 

Na ti  ona 1 i ty 

I n  our i nj ured pedes tri an  popu l a t i o n  s i tuati o n ,  we have found a 
h i gher proporti o n  of  forei g n  subjects than i n  the overal l popu l a ti o n  of  the 
regi on 

82  pedestri a n s  of French or1 g 1 n  . . . . . . . . .  A I S  av . 3 . 1  
18 pedestrians  of fore i g n  ori g i n  . . . . . . . . .  A I S  a v .  3 . 1  

So , there are 18 % forei gners i n  our s tudy ,  whereas the i r  proporti on 
on a regi onal  sca l e i s  on ly  9 . 5  % i n  the Rhone-Al ps reg i on ( 2 ) . 
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Ori g i n  10  from Maghreb ( North Africa ) 
5 from Southern Europe ( 2  from Spai n ,  2 from I ta l y ,  1 from 

Yugo s l a v i a )  
2 from the Middl e East ( 1  from Turkey , 1 from I srael ) 
1 from Great Bri tai n  

There were 1 5  ma l es and 3 fema l es . 
On the other hand , the grav i ty i tsel f i s  not i nf l uenced by the nati o­

nal  ori g i n  of the pedestri a n .  

D i s tr i buti on o f  l es i ons by anatomi cal areas 

lt i s  c l a s s i ca l l y  customary to note that  the pedestr i a n  casual ty has 
b i pol ary i njuries : the head and the l ower l i mbs , l es ions at the extrem i ti es 
of the body whi ch are eas i l y  exp l a i ned by an  overturni ng moti o n ,  fol l owed by 
projecti o n , the f i rs t  i mpact wi th the vehi c l e  i n  the l ower l imbs , fol l owed 
by a secondary cepha l i c  impact . 

83 -- ------- - -----Head 

1 6 1 ---- -- -- - - - - ---- - Cerv i ca l  spi ne 

23 - - - - - - - - - - - .  
36  - -

- - - Thorax 
---------- - Upper l i mb + shoul -

der 

8 - 1- - - - - - - - - - Back b one 

3 1  - -------- Abdomen and  pel v i s  

22 - --- Thi gh 

61  - - - - Lov1er 1 eg 
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I n  numeri ca l  order , the f i rst  part affected i s  the head therefore , 
the second i s  represented by the d i sta l  part of the l ower members , foo t ,  l eg 
and knees . 

Certa i n  pedestrians  are shorter than others , and , what i s  more , the 
car bumpers are not a l l at the same l evel , wi th the resu l t  that sometimes the 
pedes tr ian  i s  f irst  s truck i n  the th i g h .  lt i s  cur i ou s  to note that we f i nd 
as  many l es i onal i mpacts i n  the cepha l i c  extremi ty as we do i n  the total l ower 
l i mb i mpacts (83/61+2 2 ) . 

I n  detai l ,  and concern i ng the pa rts of the body that have been 
categori zed , here are the i nj uries  

83 head l es i ons represent i n  fact 80  s ku l l i njur ies , 
37 fac i a l  l es i on s , 
that i s  3 i so l a ted fa c ia l  i njur ies 

3 1  i nj ur i es to the abdomen and the pel v i s  are d i v i ded i n  fact i nto : 
20 pel v i c  l es i ons 
12 a bdomen i njur ies  

36  i nj ur i es to the upper l i mbs  and shou l ders : 

Importance of mu l ti pl e  shock 

25 of an  upper l i mb 
13 of the shou l der 

Pedestri an casual t i es often revea l several l es i onal impacts 

0 l es i onal i mpact 1 pedestr i a n  - A I S  a v  = 0 
1 II 14 I I  • 

I I  � 2 . 3  
2 II 36  I I  I I  = 2 . 3  
3 I I  29 I I  I I  = 2 . 8  
4 I I  9 I I  I I  = 5 . 1  
5 I I  7 I I  I I  = 6 . 0  
6 II 4 I I  I I  = 6 . 5  

l t  wi l l  be noted , i n  a l l l og i c ,  that the grav i ty of the l es i ons i n­
creases wi th the number of l es i onal i mpacts . l t  i s  rel a t i vely stab l e  for 1 ,  
2 or 3 i mpacts and becomes very important beyond 4 .  However , i t  must be poin­
ted out  that one of the subj ects wi th 6 l es i onal i mpacts s urvi ved , i n  sp i te 
of extremel y  serious  l es i ons : s ku l l  and fac i a l  d i sjuncti on , fracture of both 
bones i n  one l eg ,  of the s h i n  of the other , of a femu r ,  of a humerus ,  3 r i b s , 
and a bdom i na l  contu s i on wi th a wound of the r i g h t  hepat ic  l obe . 

l t  i s  noteworthy that 52 pedes trians are i njured i n  the typi ca l  b i po­
l ar fash ion , i n  the head and i n  the d i stal l ower l i mb , and that 16 of them 
were on ly  i njured i n  those two i sol ated pl aces . 

Importance of cephal i c  i nj ur i e s  

We observe that on ly  1 7  pedestrians have n o  l es i ons i n  the cephal i c  
extremi ty . There i s  o n l y  one death among these v i c t i ms : a l i tt l e  g i rl of two , 
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run over on the thorax by a car . 

The deta i l ed s tudy of these l es i ons shows that  the pedestr i a ns were 
often ab le  to protect the i r  cepha l i c  extremi ty w i th their  u pper l i mbs . 

Moreover , the average age of these 17 v i ct i ms i s  u nder that of the 
others 25 years ol d .  

Among the 8 3  v i ct i ms wi th head i njur i e s ,  we can d i s ti ng u i s h : 
80 cerebral i njuries  : 

- 29 wi thout uncons ci ousness , one w i th a fracture of the i n teri or 
part 

- 23 S . T .  w i th l oss of consci ousness u nder 1 5  mi nutes 
- 12 S . T .  w i th l oss of consci ousness over 1 5  mi nutes , 2 w i th fracture 
- 16  S . T .  w i th one fracture , fo l l owed by death 

37 fac i a l  l es i ons 
12 fracture s ,  5 of the nos e ,  4 of the j aw ,  2 of the ma l a r ,  
1 d i s l ocat ion 

- The 25 other cases revea l ed s i mpl e or mu l ti p l e  wounds , genera l ly  
assoc i a ted w i th cerebra l i nj ur i es . 

There was a total of 22 fractures of the cepha l i c  extremi ty , 1 6  of 
wh i ch were fol l owed by death . On the other hand , none of the fac i a l  fractures 
resul ted i n  death . 

So 1 6  deaths ou t of 19 , that i s  84 % were due to sku l l  i njur ies , 
i so l a ted i n  2 ca ses . Apart from these 2 ca ses , and the chi l d  menti oned above , 
a l l deaths had b i po l a r i ty i n  the i r  l es i ons . 

Anatomo-c l i ni ca l  features 

- The bi po l a r i ty of the l es i ons : Head and "d i sta l  1 1  l ower l i mb , but 
sometimes : th i g h  + head or pel v i s  + head 
or , when the second i mpact i s  not cepha l i c  : l eg + shou l der or knee + s p i ne 

- A l most 1 v i ct im  out of 4 has a thoraci c l es ion  : i t  i s  genera l ly  
q u i te ser i ous : 1 2  out  of 19  d i ed .  Espec i a l l y  when the pedestr ian  is  run  over 
by the veh i c l e  : 1 0  of the pedes tr ians  i n  our s tudy , w i th an A I S  a v .  of 6 . 2 .  

- The sma l l number of i njuries  to the cerv ica l  col umn , espec i a l ly  
if  one makes the  compar i son w i th other road i njur ies , car  dri vers and car 
passengers , these l es i ons of the cerv i ca l  col umn are a l ways re l a ted to ser i ous 
sku l l i nj ur ies , genera l l y  fractures . 

- Fractures of the l ower l i mbs , and espec i al l y  of the shi n are of the 
l i near type , transversa l ,  for they occur due to a d i rect mechani sm.  

- Importance and grav i ty of l es i ons of the soft parts of the body . 
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STUDY OF THE VEHICLE 

These 100 pedestri an  casua l t i es wi th 96 veh i c l es dur i ng 94 acci dents 

- In 2 cases , 3 casua l t i e s  for 1 s i ng l e  acc i dent 
- In 2 cases , 2 casua l ti es for 1 s i ng l e acc ident 
- In 2 cases , 1 s i ng l e  pedestr i a n , h i t by 1 veh i cl e ,  a nd run over by 

a second one . 

We are not ta k i ng i nto account the fact whether the dri ver of the 
veh i c l e  was i njured or not duri ng the acc i dent . We cons i der tha t ,  for each 
casua l ty ,  we are deal i ng wi th a cou p l e  - pedestri an/veh i cl e : thus the A I S  av 
wi l l  refer to the n umber of i nj ured pedestri ans , and not to the number of 
damaged veh i c l es .  Neverthel ess , when a veh i c l e  i s  i nvol ved w i th several pedes­
tri a n s , i ts damages are only reg i s tered once . S i nce there i s  a speci f i c  i mpact 
on the bodywork for each pedestri a n .  

Category of the veh i c l es 

92 l i ght cars . . . . . . . . .  . 
2 buses . . . . . . . . . . . . .  . 
2 trucks . . . . . . . . . . . . .  . 

95 casua l ti es 
3 casua l ti es 
2 casua l t i es 

. . . . . . . .  

. . . . . . . . 

. . . . . . . .  

A I S  a v .  = 2 . 9  
A I S  av . = 5 . 3  
A IS  av . = 6 . 5  

The d i fference i n  grav i ty i s  i mportant ,  but the number of veh i c l es 
of each category i s  not compara b l e  enough to draw s i gni fi cant concl u s i ons . 

Offi c i a l  reg i s tered power of the veh i c l es 

2CV = 6 
3CV = 3 
4CV = 1 1  
5CV = 1 0  
6CV = 2 1  
7CV = 1 7  
8CV = 1 
9CV = 1 0  

lOCV = 1 
l lCV = 7 
12CV = 4 
14CV = 1 

We are drawi ng a compar i son between l i gh t  cars bas i ca l l y .  

cars . . . . . . . .  6 pedestr i a ns 
cars 3 II . . . . . . . . 
cars 1 1  II . . . . . . .  
cars 1 1  II . . . . . . . 
cars 21 I I  . . . . . . .  
cars 1 9  II . . . . . . .  
car 1 I I  . . . . . . . 
cars 10 II . . . . . . .  
car 1 II . . . . . . .  
cars 7 II . . . . . . . 

cars 4 I I  . . . . . . .  
car 1 II . . . . . . .  

i nc l udi ng 1 de ad 
. . . . . . . . . . . . . . . .  
i nc l ud i ng 3 de ad 
. . . . . . . . . . . . . . . .  
i nc l ud i ng 2 dead 

I I  4 II 

. . . . . . . . . . . . . . . .  
i ncl ud i ng  1 dead 
who d i ed 
i ncl ud i ng 3 dead 

I I  1 II 

. . . . . . . . . . . . . . . .  

- A I S  a v .  

II 

II 

II 

= 2 . 7  
= 2 . 3  
= 3 . 3  
= 2 . 3  
= 2 . 8  
= 3 . 2  
= 2 . 0  
= 2 . 2  
= 8 . 0  
= 4 . 4  
= 3 . 5  
= 3 . 0  

Th i s  tab l e  seems to i nd i cate that the gra v i ty i ncreases w i th the 
power of the i nvol ved vehi c l es ; i n  order to better observe th i s  factor we 
have grouped together d i fferent veh i c l es i n  ser i es rough ly  homogeneous to cars 
that are i n  competi t i on on the market : 

2 - 5 cv 
6 - 8 cv 
Over 8 CV 

. . . . . . . . . .  

. . . . . . . . . . 

. . . . . . . . . .  

30 
39  
23  

cars 
cars 
cars 

31 pedestr i ans , 4 dead A I S  av=2 . 7  
41  pedestri ans , 6 dead A I S  a v=3 . 0  
23 pedestri ans , 6 dead A I S  av= 3 . 4  
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Admi tted l y  the d i fference i n  grav i ty between each seri es i s  of l i ttl e 
i mportance , but i t  ex iste j u st the same . I n  fact , i t  i s  not so much the real 
offi c i a l  regi stered power that i s  stud i ed here , but the speed of the vehi c l e  
whi c h ,  wi thout bei ng proporti onate to i t ,  i n creases paral l el to th i s  power i n  
spi te of traff i c  control i n  a n  urban envi ronment . 

Ori g i n  of the veh i c l es 

Trucks and buses are a l l of French or i g i n .  There are 7 3  % of the cars 
of French ori g i n  and 19 % of forei gn ori g i n .  

French ori g i n  : A I S  av . = 3 . 0  
Forei gn  or i g i n  : A IS  av . = 3 . 6  

But i t  must be noted j u s t  the same w i th the fol l ow ing  d i fference , 
that fore i gn made cars have on the average a l arger number of cyl i nders than 
French made cars . So , i n  fact th i s  d i fference i n  grav i ty does not seem si gni ­
fi cant i n  our opi ni on .  The study of the ''power'' factor i s  more s i gn i fi ca n t .  

D i stri but i on of damages noted o n  the vehi c l es 

I n  order of numerica l  i mportance , we have noted : 

44 corners of the hood 
41 bumpers 
39 ri ght front fenders 
29 dented hoods 
29 broken wi ndsh i el ds 
23 g ri l l s  
23 bent tops 
21 l eft front fenders 

18 r ight  headl i ghts 
1 0  l eft head l i ghts 
10 ri ght front doors 

3 outs i de rear-vi ew mi rors 
2 l eft front doors 
2 rear doors 
1 exhau st  p i pe 

Several types of damage can  on ly  have been caused by one s i ng l e  
pedestri a n  i mpact ; for exampl e ,  bumpers and gr i l l , or fender and head l i g ht 
on the same s i d e .  Thu s ,  the 41 bumpers and the 23 gri l l s  only represent i n  
fact 44 i mpacts centered at th i s  l evel . 

I n  a l l ,  out of the 96 veh i c l e s ,  we have reg i stered 247 i mpacts . If 
one takes i nto a ccount the fact that 2 5  of our accidents were due to l a tera l 
impac t ,  that i s  to say one s i ng l e  pedestri a n  i mpact on one of the s i des of 
the vehi c l e ,  there rema i n  2 2 2  i mpacts correspondi ng  to the 7 1  veh i c l es wh i c h 
recei ved a fron tal i mpact , g i v i ng a n  average of 3 i mpacts per veh i c l e .  

The damaged exhaust pi pe bel ongs to a car wh i ch ra n over a pedestri a n 
who had been h i t  by another car : th i s  was the on ly  type of damage noted on 
th i s  vehi c l e .  Remember that there were 9 cases of bei ng run over , i nvol v i ng 
1 0  pedestri ans , 7 of whom were k i l l ed .  
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a )  Dents : 

On  the parts of bodywork l oca ted on a frontal or hori zontal p l a ne 
fronta l : front of the veh i c l e ,  or s i des ; 
hori zontal : hood or top . 
These dents measu red between 1 / 2  cm and 33 cm . The deepest were noted on the 
hood and correspond most frequently to heavy i mpacts duri ng wh i ch the pedes­
tri a n ,  after bei ng thrown by the fi rst  i mpact aga i nst  the front of the veh i cl e ,  
fel l heav i l y  o n  the hood from wh i ch h e  cou l d  poss i b l y  rebound on to the wi nd­
s h i e l d  or fal l d i rectly on the ground . 

Acc i dents i n  wh i ch the hood was dented 
Other acci dents . . . . . . . . . . . . . . .  . 

b )  Scratches : 

A I S  a v .  = 3 . 8  
A I S  av . = 2 . 9  

Espec i a l l y  i n  cases of i mpact wi th one of the s i des of the veh i c l e .  
Al l o n  a sagi ttal p l ane , o n  the fenders and doors . 

c )  Broken g l ass  

- W i nds h i e l ds 
- Head l i gh ts and  d i rect ion  s i gna l s : there were 28 cases of broken 

head l i ghts ; 25  of the pedestri ans  i nvol ved i n  these acci dents revea l ed wounds 
i n  the l ower l i mbs : 20 knee wounds , more or  l ess dee p ,  5 cases of th i gh wounds . 

- Outs ide  rear v i ew mi rrors : i n  3 cases i n  our study . I n  general 
d u r i n g  a s i de i mpact .  They produce l es i ons i n  the form of very l oca l i zed con­
tu s i ons i n  the back and  upper l i mb , ea s i l y  detected duri ng ques t i o n i ng and 
the c l i n i ca l  exami n a t i o n  of the pedestr i a n  casu a l ty .  

2 )  l�QQr!�Qf�_gf_frQQ!�l_ i�Q�f! 
l t  i s  l og i ca l  to observe that i t  i s  the front of the veh i c l e  that i s  

mos t  often damaged ; and  mure frequently the r i g h t  s i dc  than the l eft  s i de 
39  r i ght front fenders 18 R .  headl i g hts 10 R . F .  doors 
21  L . F . fenders 10 L .  head l i ghts 2 L . F .  doors 

From deta i l ed observati on , we note tha t  among the 44 corners of the 
hood damaged , 18 are damaged wi thout any damages to the bumpers or gr i l l . So , 
the f i r s t  contact w i th the pedest r i a n  occurred at  th i s  parti cu l ar corner of 
the hood . 

I n  fac t ,  we have 62 i mpacts centered on  the front of the veh i c l e  : 
41  twi s ted bumpers , 30 of wh i ch w i th the gr i l l  i ntac t .  
23 gr i l l s  damaged , 1 4  w i th the bumper i ntact .  
44  twi s ted corners of the hood , 18 of which  w i th the bumper and gr i l l  undama­
ged . 
Dur i ng certa i n  very v i ol ent  i mpacts , the three parts were affected . Th i s  was 
true for 14 damaged veh i c l es ; the A I S  av . for the pedestri ans  i nvol ved i n  
these cases was 3 . 7 .  
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The i mpact aga i nst  the front of the car i s  on ly  the beg i nni ng of a 
trajectory wh i c h ,  i n  f i fty per cent of the cases , wi l l  end up aga i ns t  the 
wi nds h i e l d .  

7 1  i mpacts centered on  the front of the veh i c l es 

- 32  cases i n  wh i c h  no  damage to the wi ndsh i e l d ,  the top or the roof , 
- 26 wi ndsh i el ds broken , 
- 13 cases i n  wh i ch the w i nds h i e l d  was u ndamaged , but  the top or  the 

roof was twi s ted , 

wi th a total of 39 pedes tri a ns thrown aga i nst  the wi ndsh ie l d .  

I n  a l l ,  there were 29 wi nds h i e l ds broken , 28 by the pedestri an  and 
1 by the dri ver of the veh i c l e .  Among the 2 8  wi nds h i el d s ,  2 were broken i n  
l ateral i mpac t ,  and , a s  we have a l ready ment ioned , the other 2 6  i n  frontal  
i mpac t .  There were 2 2  made of tempered g l ass , and  7 of l ami nated g l ass . 

- Lami nated : 7 acc i dents 8 pedestr i ans , 3 k i l l ed ,  A I S  av . = 4 . 4  
- Tempered : 2 2  acci dents . . . . 22 pedestri ans , 8 k i l l ed ,  A I S  av . = 4 . 5  

So , no d i fference , and i n  both cases , j u s t  over one t h i rd of the casua l t ies  
d i ed . I n  genera l , therefore , they are very ser i ous acci dents . 

Our a i m  was to ver i fy the assert i ons made i n  certa i n  stud i es ca r r i ed 
out i n  the l aboratory wi th dummies  ( 3 , 4 )  accord i ng to wh i ch the he ight  of the 
front of the veh i c l e  and the l ength of the hood had an i nfl uence on the 
grav i ty of the acc i dent , i n  v i ew of the faci l i tati on of the pedestr i a n ' s  course . 

We l oo ked for those rel ati ons i n  l i ght of the wi ndsh i e l ds that were 
broken , damage to the corner of the hood , the dents i n  the hood , and damages 
noted on  the top and the roof : but to no ava i l .  I n  a l l the types of veh i c l e s ,  
we fou nd both that veh i c l es had very d i fferent morpho l og i ca l  features and 
genera l l y  spea k i ng , the d i fference between the gra v i ty of the l es i ons  of the 
pedestri ans  i nvol ved was i n  the order of 0 . 2 ,  that i s  to say not s i gni f i cant  
for a sma l l n umber of  cars . 

Moreover , we frequent ly  l ac ked i nforma t ion  on the he ight  of the 
pedestri ans , and consequently had no knowl edge of the hei ght of the l es i ons  
observed i n  re l a t i o n  to  the grou n d ,  i n  order to  be a b l e  to  compare wi th the 
damages noted on the cars . 

STUDY OF THE C I RCUMSTANCES OF THE ACC I DENT 

T i me-frame 

We have cal cu l a ted the number of pedes tri an  casua l t i e s  by per i ods  of 
two hours , and  the seri ousness of the i r  l e s i ons . 
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from 6 : 00 to 8 : 00 . . . . . . . .  1 0  pedestri ans  - A I S  a v .  = 2 . 9  
from 8 : 00 to 10 : 00 . . . . . . .  7 = 1 .  6 
from 1 0 : 00 to 1 2 : 00 . . . . . . .  8 = 2 . 8  
from 1 2 : 00 to 14 : 00 . . . . . . .  1 2  = 3 . 3 
from 14 : 00 to 1 6 : 00 . . . . . . .  1 4  = 2 . 1  
from 16 : 00 to 18 : 00 . . . . . . .  1 1  = 2 . 6  
from 18 : 00 to 20 : 00 . . . . . . .  2 1  = 3 . 3  
from 20 : 00 to 22 : 00 . . . . . . . 1 1  = 4 . 5  
from 22 : 00 to 6 : 00 . . . . . . .  6 = 5 . 7  

So acc idents are most numerous i n  the even i ng a t  the cl ose of busi ness 
i n  offices and facto r i es ; they were most serious  at n i ght a nd i n  rush hour 
for pedestri a n  traff i c , i n  the morn i ng between 6 a . m and 8 a . m ,  at  noo n ,  
between 1 2  an  2 p . m  a n d  i n  the even i n g .  Moreover , i n  the wi n te r ,  i t  i s  dark 
at  the c l ose of wor k ,  wh i c h exp l a i ns why we attempted to d i fferen t i a te these 
acc i dents based on  dayl i gh t .  

5 8  pedestr ians  i nj ured i n  dayl i ght . . . . . . . . . . . A IS  a v .  = 2 . 6  
42  I I  I I  at n i ght I I  . . . . . . . . . . . = 4 . 0  

So , the d i fference i s  very s i g n i fi ca n t .  And v.1e a l s o  noted 

I n  day l i gh t  hours , 5 k i l l ed for a total of 58 casua l t ies , = 8 . 6  % 
At n i ght-t ime ,  14  I I  I I  42  I I  

= 33 . 3  % 

There i s  1 fata l i ty for 1 2  pedes tri a ns i nj u red duri ng the day , 
There i s  1 fata l i ty for 3 pedestri ans  i nj ured at  n i g h t .  

Road cond i t i ons 

1 9  acc i dents on dry roads 
75 acci dents on wet roads 

A I S  a v .  = 2 . 9  
A I S  av . = 4 . 1  

I n  add i t i o n  we can comb i ne thi s  factor w ith  the prece� i ng one 

Day-t ime ,  d ry road : 
49 accidents , 55 pedestri ans  i nvol ved ( 5  k i l l ed )  

Day-t ime ,  wet road : 
3 accidents , 3 pedes tri a ns i nvol ved ( 0  k i l l ed )  

N i ght-time ,  dry road : 
26 acci dents , 26 pedes t r i a ns i nvo l ved ( 7  k i l l ed )  

N i ght- t i me , wet road : 
1 6  acci dents , 16 pedestr ians  i nvo l ved ( 7  k i l l ed )  

A I S  av . = 2 . 5  

A I S  av . = 2 . 3  

A I S  av . = 3 . 7  

A I S  a v .  = 4 . 4  

We may say then that , overal l ,  the acc i dents are more seri ous at n i ght 
than  i n  dayl i gh t ,  and a l l the more , s o  i f  the road surface i s  wet ,  i n  other 
words s l i ppery . l t  may be noted i n  pass i ng ,  that a l l acci dents i nvol v i ng 
several pedestr i a n s  wi th one s i ngl e veh i c l e  occurred on  a dry road i n  dayl i g h t .  
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Exi s tence of pedestri an  cros s i ngs , traff i c  l i ghts 

Only 23 pedestr i a ns i n  our study were i nj ured on  a pedestr ian  cros s i ng 
whi c h  i n  1 2  cases was l ocated near a n  i ntersecti on equ i pped w i th t ra ff i c  l i ghts :  
o n l y  once d i d  the pedestri a n  cross when the l i ght  was green for oncomi ng 
traffi c .  

I f  these accidents  on pedes tri an  cros s i ngs are a s  seri ous as the 
other acci dents as far as the grav i ty of the casual t i es ' l es i ons  are concerned , 
they are on  the other hand far l ess fatal , by one hal f : 

1 2  % k i l l ed on  pedestri an  cross i ngs 
25 % on  the h i ghway . 

l t  mu st  be poi n ted out here that 8 of our pedestri a n  casua l t i es were 
i nj ured on a s� dewal k .  

Loca t i on of the acci dent 

1 )  C l a s s i f i ca t i on - - - -- - - - - - - - - -

Ma i n  thoroughfares ( urban ) : 38 acc i dents , 4 1  
Med i um t o  secondary streets 2 9  11 3 0  
I n tersect i ons 20  1 1  22 
Outs i de urban areas 7 " 7 

pedes tr ians , 8 
I I  

I I  

I I  

3 
1 
7 

k i 1 1  ed , 
I I  

II 

II 

A I S  av . 
A I S  av . 
A I S  a v .  
A I S  av . 

3 . 1  
2 . 8  
2 .  1 
7 . 6  

I n  acc i dents c l a s s i f i ed a s  " outs ide  urban area 1 1 , we have pl aced those 
occuri ng on suburban h i ghways , on  which  the speed l i m it  i s  no l onger 60 kph 
( 36 mph ) , but more often 80 kph ( 50 mph ) and on  wh i ch cars tend to travel  i n  
excess of the speed l i mi t .  

Accidents seem to be l ess ser i ous a t  i ntersect i ons ; the speed of 
traffi c i s  i n  fact the l owest  i n  such cases . On ma i n  thoroughfares , where the 
speed i s  frequent ly  i n  excess of the authori zed 60 kph ( 36 mph ) s peed l i mi t ,  
acci dents are more seri ous .  As for suburban h i ghways , there i s  no po i nt i n  
ma k i ng any comment .  

2 )  QQ�:�9.Y_Hr��!� 
Ma i n  thoroughfares 
- two�way tra ff i c 2 1  
- one .way traffi c 10  
- w i th priori ty l a ne 7 

Medi um-secondary roads 
- two.way traff i c  25 
- one�way traff ic 4 

I n tersecti ons : 
two way traff i c  1 7  

- two - l ane one-way : 3 

acci dents , 
II 

II 

II 

I I  

I I  

I I  

2 1  
1 2  
8 

26 
4 

1 9  
3 

pedestri ans , 2 ki  1 1  ed , A I S  av . = 2 . 8  
I I  3 I I  A I S  a v .  = 3 . 4  
II 2 I I  A I S  a v .  = 3 . 4  

II 2 I I  A I S  av . = 2 . 7  
I I  2 I I  A I S  a v .  = 4 . 0  

I I  1 I I  A I S  a v .  = 2 . 1  
II 0 II A I S  a v .  = 2 . 0  
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I n  the case  of h i ghways outs i d e  the urban area , they are genera l l y  
very w i de wi th a sol i d  wh i te l i ne down the m i dd l e ,  so that we may cons i der them 
a s  one-way roads a s  wel l .  

Tota l : Two, way traff i c  66 acc idents 
69 casu a l t i e s  A I S  av . = 2 . 5  

5 dead 

One. way tra ff i c  28 acc idents 
3 1  casua l ti es AIS a v .  = 4 . 4  
1 2  dead 

The grav i ty of acc i dents i nvol v i ng pedestri ans i s  thus defi n i tely 
h i gher i n  one-way s treets . The speed of traff i c  i ncreases cons i dera b l y  a l so 
a s  soon a s  there i s  one way traff i c .  We may add that the speed of a utomobi l e  
traff i c  i s  a very i mporta n t  factor i n  pedestr ian  acci dents . 
We may observe that the creat ion  of pr i or i ty traffi c l anes for pub l i c  tra nspor­
tat ion  on ma i n  roads does not seem to i ncrease the seri ousness of acc i dents . 
However , 2 of those k i l l ed were knocked down by a bus  i n  one of these pr iori ty 
l a nes . 

Movements of pedest r i a n s  at  moment of i mpact 

5 were stati onary 3 k i 1 1  ed . . . . . . . . . . . A I S  av . = 5 . 2  
54 were wal k i ng ; 1 1 k i l l ed . . . . . . . . . . . A I S  av . = 3 . 1  
3 9  were run n i ng ; 4 k i  1 1  ed . . . . . . . . . . .  A I S  av . = 2 . 7  

I t  i s  a l so noteworthy that the average age of those runn i ng i s  27 , 
whereas  that of those wal k i ng i s  cl ose to 40 . Age does not affect the des i re 
to run ,  but  i t  perm i ts greater suppl eness at  the moment  of impact , and i t  i s  
u ndou bted l y  far more the phenomenon of dodg i ng the veh i c l e  that cou n ts , than 
the age or type of moveme n t .  

One o f  the pedestr i a n s  i nj ured whi l e  stati onary was seated r i ght i n  
the m idd l e  of a bad l y  l i t  su burban road , w i th the purpose of commi tt ing  

su i c i d e .  

D i rec t i o n  of travel o f  the pedes tri a n  i n  rel at i on to the vehi cl e 

L .  to R .  29 pedestri a ns - A I S  a v .  = 3 . 1  
R .  to L .  58 pedes t r i a ns - A I S  av . = 2 . 7  

I n  add i ti on ,  5 pedestr ians  were proceedi ng i n  the s ame d i recti on a s  the vehi c l e ,  
( 2 k i 1 1  ed ) .  

1 was go ing  i n  the oppos ite  d i rect i on  ( ki l l ed )  
1 was s i tt i ng i n  the midd l e  of the road , a s  we have al ready menti oned . 

I n  6 cases , the d i recti on  of the pedestr i a n  cou l d  not be determi ned . 

Pos i t i on of pedes tri a n  a t  t i me of impact 

O n  l eft s i de 5 1  pedestr ia ns , 7 k i 1 1  ed , . . . . . . .  A I S  av . = 2 . 7  
On  r i ght s i de 3 0  pedes tri a ns , 4 k i 1 1  ed , . . . . . . .  A I S  a v .  = 2 . 9 
From beh i nd 1 0  pedes tr ians , 4 k i l l ed ,  . . . . . . . A I S  av . = 4 . 7  
From front 7 pedes tr ians , 3 k i l l ed ,  . . . . . . .  A I S  av . = 4 . 1  
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So , there i s  no d i fference i n  seri ousness  of i nj ury from one s i de or 
a nother . On the other hand , when the pedes tri a n  i s  h i t  from behi nd or i n  fron t ,  
h e  i s  taken by surpr i se a n d  i s  poss i b l y  more off bal ance : i t  i s  i n  such  cases 
that there i s  the l a rges t variety of damages to the veh i c l e ,  and the greatest 
number of l es i onal  i mpacts on  the pedes t r i a n  casual ty .  

Pedestri a n  carryi ng a n  object 

There were 18 pedestr i a ns carryi ng an object i n  the i r  hands at the 
t i me of the a c c i den t .  50 were not carryi ng a nyth i ng ,  and i n  32 cases  thi s  
poi n t  i s  not menti oned . 

A I S  av . of peopl e  carryi ng objects : 2 . 7 

I n  other words , thi s  factor i s  not very s i gn i f i cant  i n  re l at i on  to 
the rest of the pedestr i a ns .  l t  must be poi n ted out  tha t ,  1 n  one case , the 
b i cycl e bei ng pushed by a ch i l d  caused more damage to the vehi c l e  than the 
pedestri a n  d i d .  

Veh i c l e  attempts to avo i d  col l i s i on : bra k i ng 

Attempts to avo i d  were noted i n  5 % of the cases ; there were s k i d  
marks i n  3 1  acc i dents , whi l e  3 7  dri vers c l a i med they had appl i ed the i r  brakes . 

The 3 7  acc i dents i nvol ved , 41  pedes tri ans  w i th A I S  a v .  of 3 . 2 ,  that 
i s  comparab l e  to the total popu l a t i o n  u nder cons i derati on . 

The l e ngth of the s k i d  marks  var ies  from 2 to 3 5  metres , and  i n  2 
cases there i s  a d i fference i n  l ength for each s i de . 

I n  2 cases , the pedestri an  was dragged by the car : one of these 
2 pedestri ans  was a ch i l d  of 7 ,  who ,  after the f i r s t  i mpa ct , s l i pped u nder 
the car ; when the vehi c l e  s topped , 7 . 5  metres further on , the ch i l d  was at 
the l evel of the rea r wheel s ,  w i thout be i ng run over . 

STUDY OF THE RELAT I O N  PEDESTRIAN/VEH I CLE  

Our purpose is  to  study how an  acc i dent  occurs per se ,  i n  the l i ght  
of  the statements of  the  i nj ured pedes tri a n  and of  the dr i ver of  the vehi c l e  
i nvol ved . 

Thus  we have been ab l e  to def i ne roughly two k i nds of i mpact between 
pedestri a n  and veh i c l e  : frontal i mpact and l ateral i mpac t .  

I n  our s tudy there were : 
7 5  cases of frontal i mpact : 18 k i l l ed - A I S  av . = 3 . 4  
2 5  cases of l a teral  i mpact : 1 k i l l ed - A I S  av . = 2 . 2  

We i mmed i ate ly  note the d i st i nct d i fference of grav i ty between the 
two types of a c c i d en t , from the po i nt of v i ew of grav i ty of l es i ons . 

The death we reg i s tered from l ateral i mpact was due to a truck whi c h ,  
after h i tti ng the pedes tri a n  o n  i ts L . F .  door , ran over h i m  w i th i t s  rea r whee l s .  
l t  shou l d  be poi n ted out i n  th i s  res pect that the t ruck-dr i ver was under the 
i nfl uence of a l cohol . 
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Mec h a n i c s  

I n  the most typ i c a l  case , the pedestr i a n  i s  struck i n  the l eg by the 
front bumper of the car . He l oses h i s  ba l ance and stri kes the edge of the hood . 
Th i s s econd i mpact thus becomes a sort of fu l crurn for a swi ng i ng moti on  fol l o­
wed by proj ecti on . 

The course thus  s et forces the pedestr i a n  e i ther on  to the hood 
( de nted ) or agai nst  the top ( twi s ted ) or the wi ndsh i e l d ,  wh i ch tends to break 
i f  the i mpa ct i s  too heavy . 

The pedes t r i a n  may , then , after contact of h i s  head w i th the wi nd­
sh i e l d ,  e i ther fa l l  on the grou n d ,  or rebound towards the top , or back on to 
the hood . 

Phys i o - pathol ogy of l e s i ons  

Dur i ng thi s course , the pedes tri a n  ca n susta i n  several l es i ons , whi l e  
there i s  damage to the vehi c l e .  The l eg i s  the f i r s t  part to be affected upon 
i mpact w i th the front of the car . There i s  a corre l a t i on between the 61 cases 
i nvo l v i ng the 1 1d i s ta l 11 part of the l ower l i mbs and the 23 gri l l s a nd the 
4 1  bumpers damaged . 

The next parts of the body l i a b l e  to s u s ta i n  l es i ons are the t h i gh 
and  the pe l v i s ,  aga i ns t  the edge of the hood . We f i nd 22 pedes tr ian  th igh  
i nj u r i es and  20  l es i ons  of  the  pel v i s ,  compared w ith  44 twi s ted hood edges . 

The shou l der , the upper l i mb , the back or the head may be subj ect to 
l es i ons i n  i mpacts w ith  the hood , the roof or top , after proj ect i on . Thus we 
f i nd on the one hand , 1 3  i nj u r i es to the shoul der-bone and  8 to the dorso­
l umber col umn , and on  the other hand , 23 ca ses of damage to the roof or top 
of the v eh i c l es .  

The head i s  exposed to i nj u r i es at  any ti me ,  i n  i mpact w i th the hood , 
the top ,  the wi ndshi e l d ,  and  the ground i n  the case of a fa l l .  So i t  i s  not 
poss i b l e  for th i s  part of the body to be used i n  comparati ve fi gures concern i ng 
pedes tri a n  l es i ons and  vehi c l e  damage . 

On  the other hand , one can  corre l ate the 26 broken wi ndshi e l ds wi th 
the 24 pedestri ans i nvol ved i n  these acc i dents s uffer i ng typ i ca l  wi nds h i el d 
i nj u r i es due to g l a s s  part i c l es . 

Study of typi cal i mpacts i n  our  i nqu i ry 

Let us beg i n w i th the 4 1  veh i c l es wi th b umper damage ; among the 
pedestri ans  i nvol ved i n  these v eh i c l es , there are 38 w i th i nj u r i e s  to the 
d i s ta l  part of the l ower l i mb . I n  the same 41 veh i c l e s ,  we f i n d  26 w i th the 
hood edge damaged , correspondi ng to 23 l e s i ons  of the pe l v i s  or th igh  to the 
pedestr ians  i nvol ved . 

Among these 26 vehi c l es ,  1 7  had a broken w i nds h i e l d  ; as for the 
preced i ng ,  23 pedestri a ns , 20 of them a l s o  had concus s i on ,  16 l os s  of cons ­
c i ousnes s ,  8 were i nj u red i n  the shoul der- bone or a n  u pper l i mb . 

So we observe that out  of 41  pedes tr ians  i n  our study who were h i t  
i n  the l eg o r  knee by the bumper , 20 , that i s  one hal f ,  fol l owed the course 
descri bed a bove . 
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La tera l i mpact 

We have seen that these i mpacts a re far l es s  seri o u s  than the others . 
Genera l l y ,  one f i nds o n l y  one i mpact due to the pede s tr i a n ,  who then fa l l s  o n  
t h e  g rou n d .  

Ro l e  pl ayed by e n v i ronment 

Whether the a c c i dent i nv o l ves fronta l or l a teral  i mpact , the f a l l on 
the h i ghway p l ays an essenti a l  ro l e  i n  the seri o u s n e s s  of the l es i o n s . 

O u t  of the 100 pede s t r i a ns i n  our s tudy : 
- 1 was u n i n j ured , whereas the vehi c l e  showed a s l i g h t  dent i n  the 

door ( Bu t to cks ) 
9 had l es i ons due s o l e l y  to a fa l l  ( A I S  a v .  = 2 . 1 )  

- 27 had l es i o ns due s o l e l y  to contact wi th the vehi c l e  ( A I S  av . = 2 . 8 )  
- 63 h ad l e s i on s  due to both the veh i c l e  and the e n v i ronme n t  

( A I S  a v .  = 3 . 4 ) . 
Those who have l es i on s  o n l y  due to the i r  fa l l i ng to the g round a re 

no more hurt than i f  they fe l l  o ve r .  There i s  not a s i ng l e  death among these 
9 pedes t r i a n s . 

Pede s t r i a n s  w i th l e s i ons due s o l e l y  to the vehi c l e  are more s er i ous l y  
i nj ured , b u t  when both factors coi n c i de , the pedes tri a n  b e i n g  t h rown to the 
g round a fter s u s tai n i ng l e s i ons from the f i r s t  contact w i th the vehi c l e ,  the 
Abbrev i a ted I nj u ry Sca l e  average i s  mu c h  h i gher . 

Behav i ou r  of the pedes t r i a n  

R i gh t  a t  t h e  outset , i t  m u s t  b e  poi nted o u t  that some i nd i v i d ua l s  
choose th i s  k i nd of a c c i d e n t  to comm i t  s u i c i d e  : s u c h  was the c a � for 2 ped e s ­
t r i a n s  i n  o u r  study . An e l de r l y  woma n ,  a l ready me n t i o ned prev i o u s l y ,  a n d  a 
young man of 27 , who was i nc i d e n ta l l y  u nder t reatme n t  i n  a psyc h i a tr i c  c e nter , 
and was mere l y  i nj u red . 

We have seen that for the others , o n l y  23 % were on a pede s t r i a n  
cros s i ng .  Thi s i s  a typ i c a l  French phenomen o n , a n d i n  the Feder a l  Republ i c  o f  
Germany , f o r  i n s ta nc e , th i s  d o e s  not h o l d  t r u e  ; a n d  y e t  t h e  h i g hway code i s  
not very d i fferent from ours , but pre s uma b l y  i t  i s  much bet ter respected ( 5 ) . 

The pedes tri a n  refu s e s  more or l es s  to obey a code wh i c h he cons i ders 
exc l u s i ve l y  a pp l i c a b l e  to a u tomob i l e s .  Moreo ver , when he happens to use one of 
the pede s t r i a n  cros s i n g s , he tends to bel i ev e  that they g i ve h i m  a pri ori ty 
that i s  i n v i o l a b l e .  But when perchance the same pedes t r i a n  gets i n to h i s car , 
he adopts a comp l e te l y  d i fferent atti tude ! 
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