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O N  T H E  B A S I S  OF 293 MOPED A N D  MOT O R C Y C L E  ACC I D E NTS i nvo lv i ng a head 
i mpact , the objects struck by the head have been c l ass i f ied  accord ing to the i r  shape 
and est i mated st iffness. 

E i g h t  characte r ist ic  object parts were c l ass i f i ed accord ing to the frequency and 
sever i t y  of the head in ju r i es recorded . 

The d i fferences between the type of obstac les h i t  by moped r iders and b y  
moto rcyc l ists w e r e  i nvestigated f rom t h i s  standp o i n t .  T h e  d i st r ibut ion o f  t h e  s i tes 
of i mpact on the head ( o r  he lm et) w as a lso g iven .  Cases of m u l t i p l e  i mpacts were 
a n a l yzed separat e l y .  

These data shou ld h e lp t o  imp rove t h e  rep resentative nature o f  t h e  co l l is i on 
tests to wh ich the two-whee l e r s '  h e l mets wou ld be  sub m i tted.  The eff i c i ency of 
the p rotec t ion afforded by the h e i m  et is not inc luded in the scope of this stu d y .  

M E T H O DOLOGY 

The " T w o -whee l e rs" f i l e  was  opened i n  1 975 and inc ludes today 365 cases. 
l n i t i a l ly focused on the study of moped acc idents ( n  = 223) ( 1  ) ( 2 ) ( 3 ) , the f i le has 
recent ly  been e n larged to inc lude analyses of motorcyc l e  acci dents (n = 1 42 ) . Each 
c ase is  stu d i ed th rough a co l l ec t i on of acc ident data : the acci dent plan drawn up 
by the p o l i c e ,  study of the veh ic le ana of the st ruck ob j e c t ,  measu rements , photo
g raphs , ana lys is ,  i f  necessary , of the s h e l l  of the h e l m e t ,  of padd ing m ater i a l  and 
rest ra int  system , etc . The obstac les st ruck by the d i fferent pa rts of the body of 
the. v i c t i ms and an assessment of the ve loc i ty were deduced from ana lys i s  of these 
facts and from c o l l i s ion  conf igurat ions.  A f i rst med i c a l  report i s  p rov ided by the 
Med i c a l  E m e rgency U n i t ,  and then further deta i ls by the hosp i t a l  record ( o r  the 
post-mo rtem examinat i on) . 

M A T E R I A L S  

1 .  D i ffe rent k i nds of r iders - T h e  sam p l e  used i n  th is  study i nc ludes 1 1 5  
non-h e l m eted r iders and 1 78 h e l meted ones who u nde-rgone at least a head i mpact 
( Tab l e  1 ) .  

H e l meted Non-Hel meted 

Moped r id e rs 64 1 03 

Motorcyc l i sts 1 1  4 1 2  

Tab le  1 - Types of R id e rs and He imet  Wearing 
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2 .  Seve r ity  of in ju r i es - None of the 293 r i d e rs i nvo lved was u n i nju red. Th is  
resu l ted part l y  f rom a b i as i n  the se lect ion c r i te r i a .  More  than  the  ha lf  of v i c t i ms 
h ad an M .  A I S *  equal  to or  g reater than 3 ( Table  2 ) .  1 4  % were  k i l led whe reas 
th i s  p e rc entage is  on ly  2 % at the nat iona l  level  ( SET R A ,  1 978) .  

M .  A I S  0 2 3 4 5 K i l l ed 

N b .  of cases 0 57 78 80 20 1 6  42 ( i nc lu d i ng 1 6  non-au top-
s i ed peop le)  

P e rc entage 20 27 27 7 5 1 4  

Tab l e  2 - Max i m u m  Abbreviated ln ju ry  Sca l e  ( M .  A I S )  o f  R id e rs i n  the Samp l e  

T h e  body seg m ent w h i c h  i s  t h e  most seve re ly  i n ju red i s  t h e  head : 4 7  % of 
A I S  4 3 l es i ons . % 

5 0  % 

4 0  

30 

2 0  

1 0  
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F i g . 1 - F requency of A I S � 3 
r i es for 1 42 v i c t i ms) . 

R ES U L T S  

1 .  Obstac l es - The moped r iders are more f r equent l y  i mrn lved i n  c o l l i s ions 
w i th veh i c l es (77 % )  than m otorcy c l ists ( 6 3  % ) .  Ho weve r ,  the category ö f  veh i c l e  
i nvo lved i n  two-whe e l e rs acci dents var ies f rom o n e  c lass t o  the other ( Tab l e  3 ) .  
I n  t h e  c ase of moped r iders , 8 7  % are i nvo lved i n  c o l  l i s ions agai nst a car  and 1 3  % 
i n  acc i dents aga i nst a t ruck or  a van . For motorcyc l i sts , the p roport ions a r e ,  res
pect ive l y ,  of 65 % and 35 % .  The over-representat ion  of motorcycl ists in  co l l i s ions 
w i th trucks may b e  exp l a i ned by  the fact that 1 7  % of them occu r red on motor
w ays where the t raff ic  of  t rucks i s  i mportant ( T ab l e  4 ) .  Motorcycl ists are more 
rep resented in  s i n g l e  acc i dents than moped r i ders ( respective ly  31  % and 1 6  % ) .  

Tab le  3 - Obstac les H i t b y  T wo-Whee l e rs 

Ca rs . . • • . • • . . . . . . • • . • . . . . • . . . . . . . . . . . . . . • . . .  

S i n g l e  acc ident . • . . . . . • • • • . • • . • . . . . . • . .  

F i x ed and st i ff  obj ects . . . . . . . . . . . •  

T rucks ( or vans) . . • . . . . . . . . . . • • • . . . . . .  

Pedest r i ans • . . . . . . • . . . . • • • • • • • . • • . . . . . . . .  

" 2 -whee led" mach ines • • . • . • • . • • • • .  

Mopeds ( 1 67)  Motorcyc l es ( 1 26 )  

1 1 1  ( 6 7% )  5 2  ( 4 1 % )  
1 9 ( 1 1  % ) 1 6 ( 1 3%) 

9 (5%)  1 00% 22 ( 1 8% )  1 00% 
1 7  ( 1 0% )  2 8  ( 22%) 

5 ( 3% )  4 ( 3% )  
6 ( 4% )  4 ( 3%) 

* M .  A I S  : the A I S  of the m ost  severe ly  i n ju red body segment  
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Tab l e  4 - Acc ident Location 

Mopeds • . . . . . . . . . . . . . . . . . . . . . . . . • . . . • . . . • . . • • . • • . . . • .  

Motorcyc les . . . . . . . . . . . . . . • . . . . . . . . . . • . . . . . . • . • • • • • •  

( * ) 22 on  motorways 

U rban area 

1 56 
95  

Rura l  area 

1 1  
3 1 * 

2 .  Obje c ts struck by  the head - A l though cars are the obstacles the m ost 
f requent ly  h i t  by motor ized t wo-whee l s ,  they account for  only 33 % of  objects 
struck by  the head of the r iders ( 40 % and 22 % respect ive ly  for m oped and motor
cyc l e  r i d e rs) ( Tab l e  5 ) .  

Type o f  Obstac l e  Type o f  Obj ect struck by  Moped R id e rs Moto rc yc 1 i s ts 
the Head or H e i met N (%)  N (%)  

V e h i c l e  . Sheet meta l 1 3  8 4 4 
. St i ff  meta l  e lement 32 20 1 2  1 1  

W i ndows and w i ndscreen 1 7  1 1  3 3 
. Ty res 3 2 5 4 

Oth ers . G round 87 5 4  69 63 
F i x e d ,  s t i ff object 7 4 1 6 1 4  
l n j u r i es caused by the 
two-whee l ed mach i n e  2 

Overa l l  1 6 1 1 00 1 1  0 1 00 

Tab le  5 - Nature and Type of Obsta c l es Struck by the Head ( or H e i met)  Accord ing 
to R id e rs 1  Category (22 r iders who struck the i r  h ead agai nst an unknown 
ob ject  are not taken into account in  th is  tab le) . 

3 .  C l ass i f i c a t i on of object pa rts struck by the head ( o r  h e l met) of  moped r i d e rs 
and motorcyc l ists - l f  the st i ffness and the shape are taken as c r i t e r i a  for  objects 
struck by the head , e ight c ateg o r i es of obstac les can be drawn up ( F i g .  2 ) .  

The objects of types N o .  1 ,2 ,3 ,4 are s t i f f .  A dent  o r  perforation are observed 
in types N o .  5 ,  6 ,  7 .  

The obj ects of types 4 ,  5 ,  6 ,  7 and 8 are found on veh i c les , w h e r eas those of 
types 1 ,  2 and 3 are found from g round contacts . There are two k i nds of objects : 
the 1 1P lane1 1 : types N o .  3 ,  5 and 6 and the 1 1 Corner1 1 : types No . 1 and 7 .  

Deformab l e  objects ( types N o .  5 ,  6 ,  7 and 8 )  are more often struck b y  moped 
r i d e rs :  36 % ( 56 / 1 5 5 )  than by motorc y c l ists : 1 4  % ( 1 5/ 1 0 8 ) .  

1 1P l ane1 1  type objects are struck as often by m oped r iders :  80 % ( 1 2 5/ 1 5 5 )  as by  
m otorcyc 1 i s ts :  80  % ( 86/1 08) . 

The p roport ion of v i c t i m s  str i k i ng 1 1 Corner11 type obje c ts is q u i t e  the same for 
m oped r iders ( 1 3% )  and motorc y c l ists ( 1 6% ) . 

4 .  Frequ ency and sev e r i ty of head i nj u r i es accord i ng to object type - T h e  ob
j ec ts are c lass i f i ed accord i ng to the c r i te r i on of the su m of the head A I S  ra ised 
to the cube ( * ) ( f i g .  3 ) .  
(*) f A I S3 takes into  account both the · t requency and the sev e r i ty of i n j u r i e s .  R a i 

s i ng the A IS t o  the cube g ives a better idea o f  the soc i a l  cost o f  the i n j u r y  than 
does the s i mp l e  A I S  because the inc rease in th is  value in function of  the sever i t y  
o f  t h e  i n j u r y  is  n o t  l i near but  cub i c .  T h e  v a l u e  resu l t i ng f rom t h e  s u m  mak es i t  
eas i e r  to compare samp l e s .  
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F IGURE 2
*

: CLASS IF ICATION OF OBSTACLES ACCORDI NG TO THE I R  SHAPE AND iHE I R  
STIFFNESS AND ACCORDING TO THE TYPE O F  RIDER 

* 30 ri de�s are excl uded because the obstac l e  struck is e i ther unknown or �ncl as s i fi abl e .  
I f  more than one obstac l e  i s  struc k ,  then the one caus i ng the most ·severe i nj ury i s  taken 
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Out of  the  69  head A I S � 3 observed ,  54 % and 36 % were  respect ive l y  caused 
by  1 1 P l ane 1 1  and 1 1Co rner1 1  types oqjects.  

- 1 1 P lane1 1 -type - f ixed and st i ff  objects ( type 3)  - g ive the h ig hest va lue  i n  
terms of � A I S3 ( N  = 2583) . One �an not ice that the g round i s  respons i b l e  for nu
me rous severe head i n j u r i es (29 cases of  h e ad A IS� 3out  of 1 64 v i c t i ms ,  i .e . 1 8% ) .  

- 1 1 Corner 1 1 -type is  re lative to types 7 and 1 .  The d i ffe rence between them 
consists of the i r  st i ffnesses and of  the rad i u s  of th e i r  sharp edges. The frequenc i es 
of  head A I S ).  3 and the va lues of � A I S3 for  types 7 and 1 are as fo l  lows :  

• Number  of contacts • • • . • . • • • • • • • • • • . • • • • . . • • • • • • • •  

Pe rcentage of head A I S '.)- 3 • • • • • . • • • • . . • . • . • • •  

� A 1 s3 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Type N o .  7 

23 
57 % 

1 504 

Type N o .  

1 6  
75 % 

1 1 77 

- R u n -ove r of the head ( o r  of the h e3met) by  veh i c l e  tyres ( type 8 )  are 
few ( 3  cases o n l y )  but very severe ( � A I S  h 648 ) . 

- Obj ects of type 5 ( deformable metal  sheet) come i n  f i fth p l ace (�A I S3= 347 ) .  
3 0  % o f  the 2 3  cases have a head A I S  � 3 . 

- Three out of  the f ive  h ead contacts against a st i ff  c y l i nd r i c a l  object part 
( type 2) have 'an A I S �  3 .  

- H ead i n j u r i es d u e  t o  w i ndow and w i ndscreen impacts ( type 6 )  a r e  genera l l y  
s l ig h t ,  except one case o.f head A I S  5 .  I n  t h i s  cas e ,  the h ead o f  the non-hel meted 
moped r id e r  (55 years old) h i ts the rounded part of the l a m i nated w i ndsh i e ld near 
the w i ndsc reen f rame.  

- Object pa rts w ith a surface a rea l ess than 200  mm2 ( type 4)  are  very  rare .  
The m ost ser ious i n j u ry ( A IS 3)  observed w i th th i s  type of object concerns a h e l me
ted user who susta i ned a contact of the head against the p i n  of a w i ndsh i e ld - w ip e r  
of a c a r .  

5 .  S i tes of i mpact t o  t h e  h e ad ( o r  h e l met) for  each category of r id e r  - Table  
6 shows the d istr ibut ion  of  s i tes of i mpact for  each category of r i d e rs acco r d i ng to 
the fou r f o l l o w ing  areas of the head (or  h e l met) : 

Moped r i d e rs 
Motorcyc 1 i sts 

F ronto-fac i a l  

9 0  (56%) 
44 (36%) 

Latera l  

40 ( 25%) 
45 ( 36%) 

Poster i o r  

27  ( 1 7% )  
30 ( 24%) 

4 ( 2% )  
5 ( 4% )  

Tota l  

1 6 1  ( 1 00o/o) 
1 24 ( 1 00%) 

Nota : 8 v i c t i ms are exc luded f rom th is  tab l e  because the i mpact area is  
unk n o w n .  In the case of m u l t i p l e  i mpacts to the head (or h e l met) , 
o n l y  the area of i mpact w h  i ch p roduced the g reatest i n jury  is taken 
into account.  

Tab l e  6 - Locat ion  of H ead ( o r  H e i met)  I mpacts 

The f ronto-fac i a l  area appears to be the most f requen t l y  st ruck : 56 % i n  
moped r i de rs and 3 6  % i n  motocyc 1 ists . I m pacts t o  the top o f  t h e  h e i m  e t  are very 
rare,  both for  moped r i de rs (2 % )  and for  motorcyc l i sts (4 % ) .  

6 ./ Mu l t ip l e  I mpacts - a )  m u l t i p l e  i m pacts at d i fferent s i tes - We f i n d  a 
h igher  p roport ion of  mu l t ip l e  i mpacts among motorc y c l i sts ( 37 % )  than among m oped 
r id e rs (24 % ) .  T h i s  d i ff e rence can be exp la ined  part ly  by  the d i fferent speeds bet
ween mopeds and moto rcyc l i sts. 
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S i n g l e  I mpact M u l t i p l e  I mpacts 

Moped r i ders ( n  1 67 )  1 27 40 

Motorc y c l ists ( n  = 1 26 )  79 47  

Tab le 7 - Nu mber  of  I m p acts Accord i ng to the Category of Users 

b )  Mu l t i p l e  i mpacts at the same s i te  - Desp ite exhaustive ex a m i n at i on of the 
h e lmets ,  ident i f icat ion of m u l t i p l e  i m pacts remains  d i ff icu l t .  In fact , it is  o n l y  pos
s i b l e  when the types of damages are d i fferent .  Only 3 out of 293 ( 1 % ) a re observed 
i n  the sam p l e .  A l l  of them are motorcyc l i sts . They suffered i mportant s l ides on the 
g round ( f rom 1 0  to  25 m et e rs l ong ) .  By  way of compar ison , S N I V E L Y  ( 4 ) , in  a stu
dy i n c l u d i ng 360 m otorcyc l ists not ices 1 4  cases of mu l t i p l e  i mpacts to the same 
s i te ( 3 ,9 % ) .  

D I SC U S S I O N  

The i m po rtance o f  a study t r y i ng t o  c l ass ify types o f  obj ects struck by t h e  
head ( o r  he l m et )  o f  two-whee l ers i s  t o  def i n e  better w h a t  shock absorpt ion tests 
for the approval of c r ash h e l mets shou ld  be  l i k e  to represent ,  as tru l y  as poss i b l e ,  
t h e  r i sks p resen t l y  encountered on the road. The m a i n  resu lts  concern t h e  shape 
of objects , the f requency of doub l e  i mpacts on the same s i te  and the f requency 
of i mpact p o i nt on the head ( o r  h e l met) . About these three po i nts ,  there are some 
not i ceab l e  d i fferences between what is p resent l y  observed and what is la id down 
in both F rench regu lat ion ( N F  572-302)  and the p l anned Eu ropean one ( Standard 
ECE 2 2 ,  a m endment 2 ) .  

( 1 )  The shape of ob j ects - R eg u l a t i ons cons i d e r  three types of  obj ects : the 
p l an e ,  the h e m isphere and the str ik e r .  Our resu lts h i g h l ight that the p l ane is  indeed 
w e i l  rep resented in our samp l e :  80 % of the objects struck and 54 % of the A I S  
h ead � 3 .  H ow ev e r ,  the h e m isphere and the st r iker  d o  not seem very r e a l i s t i c  becau
se no object of th is  type has been noti ced i n  acc idents .  The ex istence of such stan
d a rd tests had consequences on tec h n o l og i c a l  cho ices for  des i g n i ng c r ash h e l mets 
w h i ch may not resu l t  i n  safety i mp rovement.  The " corn e r" -type does account for 
1 5  % of objects struck and 36 % of those w i th an A I S  head � 3 .  So , i t  seems to be 
n ecessary to test h e l m e ts aga inst a 1 1 corner1 1 -type ob ject  wh ich  i s  i n  fact  dange rous 
and w idespread. F i n a l l y ,  us ing both the " p l ane" on one hand and the " co rner" on 
the other hand for shock-testing wou ld  be  representative of 95 % of  the objects 
struck and 90 % of ser i ous and fatal  i n j u r i es ( A IS head ). 3) . 

( 2 )  M u ! :t i p l e  i mpacts on the same s i te - Both F rench regu lat ion  and Std 22 
am ended req u i r e  tests on the same s i te * .  We observed o n l y  3 v i c t i ms out of 293 
who undergone such i mpacts.  The consequence of th is test , in fac t ,  consists of 
i n c reas i ng the st i ffness and the th ickness of the she l l  and hence the wei ght and 
i ne r t i a  of the h e l m e t .  The usefu lness of dou b l e  i mpact to the same s i te  wou ld  
appear to be  s l ight ,  and even unfavorab l e .  That  shou ld  be kept  in  m i nd f o r  future  
regu l a t i on s .  

( 3 )  S i tes of i mpact - T h e  head a reas m ost f requ ent ly  i mpacted a r e  i n  decrea
s i ng orde r ,  the f rontofac i a l  a rea ( 4 7  %) , the latera l  area ( 30 % ) , the poste r io r  area 
(20 % )  and the top ( 3% ) .  On the one hand , the F rench regu lat i on conce rns two test 
a reas : the latera l  area and the top of the h e l m e t .  The latera l  test is eas i l y  j ust i
f i ed ( 30 % of i m pacts) , but  test on the top of he lmet  seems rather u n real ist ic .  
On the oth e r  hand , the p l anned Eu ropean Standard wou ld  take into account the both 

• to the same area in the F rench regu l a t i on and w i th i n  a radius of 20 m m  in Std 
22 am ended . 
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areas most f requent l y  s t ruck on the shel'I of the h e l m e t :  three ser ies  of expe r i m ents 
are p lanned on the f ronta l and latera l  a r eas and another one is  l eft  to the c h o i c e  
of the Laboratory . However ,  noth i ng is  la id  d o w n  conc e r n i ng the face when 70 % o f  
f ronto-fac i a l  i mpacts i nc luded fac i a l  i n j u r i e s .  T h i s  f a c t  rem inds t h e  need to i mp rove 
the h e l met in th i s  a rea.  

CONCLUS ION 

I n  a su rvey of 293 acci dents i nvo lv ing m oped r i d e rs and motorcyc l i sts w h o  sus
t a ined head i mpacts, the types of s t ruck objects and the head ( o r  13 e l m et) i mpact 
areas were c l assi f i ed in dec reas i ng order for  frequency and sever i ty  of head i n j u r i es .  

The resu l ts h ig h l ight  that objects of " p l ane" and " co rner" -types a re the most 
rep resentative of two-whee l ers '  head impacts i n  road acc i d ents . 

The most f requent ly  struck areas of th e head ( o r  h e i m  et) are the f r onto-fac i a l  
area ( 47%) and t h e  l atera l  area (30% ) .  T h e  top o f  t h e  h ead ( o r  h e l met)  i s  rare ly  
struck ( 3% ) .  ; 

Mu l t i p l e  i mpacts to d i fferent s i tes vart i n  frequency according to the category 
of r i ders : 37 % of mot o rcyc l ists and 24 % of m opeds . M u l t i p l e  impacts to the same 
s i te are very rare.  
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