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INTRODUCT ION 

From I976  to I980, the O . N . S�. E . R  lab oratory conducted three 
. accident investigations concerning two wh�e lers . 

- The firs t one analysed the data of ISO rnoped users involved 
in traf fic accidents . 

- The second one concerned ISO of rnotor cyc list victims 

- The third one is  focused on the b ehaviour of new helmets and 
t akes into account IOO of two whee lers wearing an he lmet and 
injured in traffic accidents . 

In this paper are j oined the results  o f  these three studies . 

The sam�le can b e  divided in two par ts 

-223 rnotor cyclists  with 2 2 I  of thern he lrneted 

- 1 7 7 moped users with 77 of· them helmeted 

The nurnber of fatally inj ured peop le is 27 motor . cyclists  ( I2 , 1% of them) and 
7 rnoped users ( 3 , 9% o f  them) . 

Al l the victims of this investigation are inj ured and were treated at the 
E .  HERRIOT Hospital in Lyon . 

I - SEVERITY OF INJURIES 

I- 1 Overa l l  severity o f  victims 

Figure summarizes the distribution of OAIS values for moped 
users and motor cyclists . 

This :figure shows the high severity of motor cyclist accidents .  
The frequency o f  AIS 3 and more ,  is always higher for motor cyclists than for 
moped users . 
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The mos t  important di fference is found for fatally inj ured peop le 
the morta lity rate is three times higher for motor cyc lists  than for moped 

!" users . 

1 -2  Sever ity of head inj urie s 

Compar ison of head AIS and OAIS distributions is made on Figure 2 .  
This diagram shows that a quarter o f  the 400 inj ured people does not sus t ain 
head inj ury . 

For the most severe inj uries , (AIS 5 and 6) , the two distribut ion 
curves are c losed, which means that overall inj ury severity is due to head 
in] ury . 

lt is noticeab le also that a quarter of  the vict ims in this 
samp le sustains AIS 2 head inj urie s ,  which are mainly head trauma with short 
unconsciousne s s (, 1 5mn) and/ or retrograd amnesia .  

1-3 Injury typology : 

Figure 3 shows anatomical distribution of  inj uries . 
lt shows that head inj uries are as frequent in motor cyclist  cases than in 
moped cases . 

Differences appear in thoracic and abdominal lesions which are 
more frequent in the motor cyclist  ' s  samp l e .  

The pe lvic girdle and lower limb s are also more often inj ured , and 
we notice a high frequency of  thoracic and lumb ar spine lesions . 

On the opp osite,  neck inj uries are much more frequent in the 
moped users sample than in the motor cyclist ' s  one . 

In a general way , we c an noti ce that the frequency of inj ur ies 
per b ody area is more important for each body area for the motor cyclists , 
except head injuries which are in the same order of magni tude and neck 
inj uries which are more frequent on moped users . 

Moreover ,  i f  we consider the average numb er of inj uries , we remark 
that motor cyc lists suffer two les ions on an average , and moped users only 
1 . 5 les ion ; it means that motor cyclists sus tain frequently a polytrauma . 

II  - INJURY MECHANISMS 

2- 1 Motor car aggressivity fac in� the two wheelers users . 

Before studying the motor car aggress ivity fac ing the two wheeler s ,  
we notice that the cars are the mos t  frequently ob stacle h i t  b y  the two
wheelers ; it  is shown in tab le l .  
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Tab le 1 Obs tacles hit by the two wheeler s ,  at the first impac t .  

Cars 5 9 , 7 5 %  

Trucks 9 , 7 5 %  

V ans 4 , 5  % 

Fixed ob stacles 7 % 

Ground 1 6  % 

Pedestr ian 1 ' 25% 

Two wheelers 1 ,  7 5% 

The collis ions happen generally at road intersections and in agglo
merations . 
In these collis ions , the front end of the car is the mos t  frequently collided 
by the two wheelers (35%) . 

- Inj ury mechanisms concerning the lower body par t : 

All the body segments of the two wheeler users can be concerned, but the 
inferior part of the body, particularly the lower limb s ,  is often inj ured . 
Indeed , 1 69 lesions AIS ,4- 2 are not iced at lower l imb s .  

Tab le 2 : Moped users sample : lowers l imbs and pelvic inj uries mechanisms 

1 -------------------------------------------------
! Direct Impact Force 1 Transmit ted Impact Force 1 
1 1 1 - - - - - - - - - - - - - -� - - - - - - - - -------------·- - - - - - - - - - - - - - - - - - - - - - - - - - -, 

1 1 1 Pelvis 2 5 1 1 
Acetabulum 3 

Femur 9 2 

Knee 1 1  

Leg 39 

- - - - - - - - - - - - - - -r- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

For moped users , ( tab le 2 ) , the more frequent injury is an associated fracture 
of tibia and f ibula, due to direct impac t  on the front end of the car 
(39 cases ) . 
The femur fractures are less frequent ( 1 1 cases) and the inj ury mechanism can 
be considered as a d irect impact of banne t front end or optical system on the 
middle part of the thigh ; b ut sometirne s ,  the impact force is transmitted to 
femur shaft from knee contact : the same mechanism is noticed in 8 cases of 
acetabulum fractures . 
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In one cas e ,  the impact force is trans lated along the femur shaft to 
the pe lvic girdle , realis ing femur shaft,  acetabulum and pe lvic ass ociated 
fractures . 

l t  is interest ing to notice that these moped users fractures are 
simple fractures without mu ltiple fragments . 

Tab le 3 : Motor cycle user sample : lower limbs and pelvic inJury mechanisms . 

, ____________________ , __________________________ _ 1 • 1 • d 1 1Direct Impact Force 1 Transmi tte Impact Force 1 1 1 1 1 1 1 --------------�--------------------1--------------------------, 

Pe lvis 

Acetabulum 

Femur 

Knee 

Leg 

1 1 1 
3 1 

1 6  

29 

38 

6 

8 

1 8  

1 1 1 1 1 1 1 �--------------------------------------------------------------, 

In mo tor cyc le user samp le ,  ( t ab l e  3 ) , the associated fractures of 
tib ia and f ibula are less frequent ,  whereas femur fractures are too much 
cur rent , as in moped user sample .  
In  1 6  case s ,  femoral fractures are due to direct impact by the car on the 
thigh , and in 1 8  cases , the femoral fracture is created by indirect impact on 
the pate l la .  The knee and the pate lla are often injured (29 cases) , the car 
hitt ing d irectly this body region .  

These inj ur ies are often as soc iated 

Knee and femur fractures 

Knee and acetabulum 

Femur and acetabulum 

5 cases 

5 cases 

3 cases 

If  we not ice that the thigh fractures are often s imple ( in two fragments 
only) , the gravity is due to open fracture or traumatic amputat ion .  

The t ab le 4 shows the gravity o f  lower limb s and pe lvic injuries in 
terms of AIS values . 
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Tab le 4 Lower l imbs and pe lvis AIS for moped and motor cycle users . 

r----------r---------r---------1 1 1 1 1 
i AIS 2 \ AIS 3 \ AI S 4 i 
1 1 1 1 -------------------r----------;----------r---------1 

Moped users 
1 1 1 1 
1 4 1  \ 2 6  : 2 : 
1 1 1 1 1 1 1 1 

Motor cycle users 1 3 6  1 60 l 4 l 
1 1 1 1 1 1 1 1 

- Head inj uries related with head impact on the car 

Tab le 5 : Head AIS origin at leve l of car s tructures 
��������-'='---���������������-

-i---------„--------------„------------------------1---------------i-----------I 
1 AIS 1 Sheet metal 1 Stiff metal elements l Windows and I Total 1 
1 1 1 1 Windshield l 1 �---------+--------------:-----------------------+-------------+---------� 
1 1 1 1 1 1 1 1 1 1 1 1 
: 1 1 1 2  : 1 : 5 : 1 8  : 1---------1--------------1-----------�-----------+-------------+----------: 1 1 1 1 1 1 1 1 1 1 1 1 
: 2 : 1 8  : 2 1 7 : 27  : 1---------1--------------1-----------------------1--------------1----------1 
1 1 1 1 1 1 1 1 1 1 1 1 
1 3 1 5 : 8 : 4 : 1 7  1 1---------1--------------1-----------------------1--------------1----------1 
1 1 1 1 1 1 1 1 1 1 1 1 
: 4 1 2 : 6 1 1 : 9 1 1--�------1--------------1----�------------------1--------------1----------1 
1 1 1 1 1 1 1 1 1 1 1 1 
: 5 + 6 : 2 : 2 6 1 2 1 30 1 1----�----1--------------1-----------------------1--------------1----------1 
1 1 1 1 1 1 1 1 1 1 1 1 1 : 30 : 4 3 1 1 9 1 9 2 : 

-�---------�--------------�-----------------------�--------------�----------� 

The tab le 5 shows the head inj ur ies gravity related to the car impacted area .  

92 head inj ur ies are due t o  a car impact and 4 6 ,  7 %  _.of  these ·lesions are created 
by hard parts  of the car (windshield frame for ins tance) . These rigid parts  
cause the most  severe or fatal head inj ur�es , whereas windshield and sheet metal 
elements create generally minor or moderate inj ur ies (AIS 1 -2) . 
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2-2 Fixed obs tac les aggressivity 

Only 28 users sus tain head inj uries due t o  f ixed ob s tacle direct 
impact .  
I f  this crash configuration is  r are ,  it is very severe in  terms of  AIS : 8 users 
are dead and severely inj ured (AIS 5 ) . 

In fac t ,  r igid ob s tacles ar e frequently involved during the second 
impac t ,  for example,  when the 2 whee lers users hit  a car and , ej ected , fall 
on the ground and hit with the head an ob s tacle . 

2-3 Inj uries dlß to the two whee lers 

We have difficulties to relate inj uries suffered by the two wheelers 
users and the numerous deformations not iced on the motor cycle . 

Neverthe les s ,  in 1 3  cases , i t  is  clear that the two wheeler� is the 
cause of certain lesions suffered by the user . 

In s i� cases , the two wheelers fa l ls down on the user , after the 
pr imary impact .  

In seven case s ,  mecanical parts of the motor cycle are the cause of 
the inj uries . 

2 thoracic crushes on the forkhead 

- 5 tears or c ontusions due to the brake , the pedals . . .  

III - IMPORTANCE OF CRASH CONDITIONS IN INJURY MECHANISMS 

Tab le 6 shows the values of OAIS and head AIS for helmeted and non 
helmeted two wheelers users in three crashes configurations : 
d irect impac t ,  ej ect ion and s ide swipe . 

This  tab le shows that half of the victims sus tain direct impact with 
energy diss ipat ion. 

This crash configuration induces the mos t  severe inj ury, ei ther head 
inj uries or whole body inj uries : about 43% of them sustain AIS 3 or more 
head inj ur ies , compared t o  less than 23% in other crash configurations . 

If  we consider the OAIS values actual fi gures are : 63% in direct 
imp ac t  and 48% in other crash configurations . 

IV - HELMET PART 

4- 1 Helmet effec tiveness 

In this s tudy concerning 400 two whee lers user s ,  298 wear a ful l face 
he lmet or an open face helme t .  

1 00 of them wear a "Nouve lles Normes"  helme t .  

Tab le 7 shows the inf luence o f  head AIS on OAIS for helmeted subj ects , 
whatever is the helmet type . 
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0- 1�2  3/4  5 / 6  Total 

Direct impact 

Ej ec tion 

Side Swipe 

Head AIS and OAIS values as function as the crash configurati ons 
(non he lmeted users) -

0- 1-2  3 / 4  5 / 6  Total 

Direc t impac t 

Ejection 

Side swipe 

Head AIS and OAIS values · as function as the crash configurations 
(he lmeted users )  -



Tab le 7 Comparison in AIS and OAIS for 298 helmet users . 

T-----------T----------T----------T----------T-----------,------
1 1 1 1 1 1 1 1 2 1 3 \ 4 5-6 1 ----------+----------- ---------- --- ------ - ----------
1 1 1 1 
1 68 1 7 6  1 3 7  1 23  45 

Head AIS 1 1 1 1 1 1 1 1 1 1 1 1 
OAIS i 23  i 93 i 95 1 38 1 1 1 1 

So 83% of the users wear a head injury. 
This one may be : - a head trauma wi thout uncons ciousness (27%) . 

- a short loss of . c onsciousness  (30%) . 

For AI S 3 ,  we notice that OAIS is  largely due to other les ions, par ticularly 
to l ower l imbs ; the gravity of severe injured peop l e  or dead people is due 
to head injurie s .  
This preponderance o f  head inj uries i s  progress ively increas ing from AIS 3 
to AIS 5-6 . This  growth is  in connection with the fact that successively 
the vio lence of the impac t increases ; the helmet efficacity is reduced and 
this i s  connected with the tolerance limit of the head and of the human brain. 

We j us t  said that the cephalic  extremity was very often requested and respon
s ab l e  of the importance of the gravity of the l e s i on s ,  b u t  there i s  an o ther 
impor tant fact : the helmet los s .  

4-2 Helmet los s .  

On 400 two wheelers user s ,  298 were helmeted . 5 5  of them have lost their 
helme t during the impac t .  
We are studying now the loss of "Nouve lles Normes" he lme t .  

Tab l e  8 shows that on IOO "Nouve lles Normes" wear helmets ,  20 were lost  
dur ing the impac t .  
In 8 cases ,  the loss of helmet i s  explainab le but there are 1 2  cases ( 1 0  fu l l  
face helmet and 2 open face helmet) , for which the reason i s  unexp lainab le .  
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Tab le 8 Helmet loss on 1 00 1 1Nouve l les Normes1 1  helmets . 

,------------------,--------------- ---------- , 
1 1 1 1 1 Open face helmet 1 Full face helmet 1 total 1 1 1 1 1 1---------------------------------,------------------,------------------r------ 1 

1 Number of wear he lme ts 1 35  1 65 1 100 1 :---------------------------------4------------------4------------------{-------+ 
1 1 1 1 
1 Number of lost  he lmets 1 6 1 1 4 1 20 1---------------------------------4------------------4-----------�------{-------
I 1 1 1 1 Loss due to untied chin-strap 1 3 1 2 1 5 1 1 1 1 ,---------------------------------,------------------1------------------r------
1 1 1 1 
1 Helmet technical failure 1 1 1 2 1 3 
1---------------------------------4-----.-------------4----------------·--{-------
I 1 1 1 1 Correct use 1 2 1 1 0  1 1 2  
'---------------------------------J _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  J _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  L _ _ _ _ _  _ 

Tab le 9 �oment of the loss of the helme t .  
--L-------------------------------------------1 1 1 . . . . . . l Full face helmet 1 Open face helmet 1 total r---------------------------------r------------------t-----------------t------

: Before the primary impact 1 4 1 1 2  1 1 6  r---------------------------------r------------------t-----------------t------
' 1 1 1 1 uuring the principal impact 1 1 1 2 {----------------------------------r------------------t-----------------r------
, 1 1 1 1 After the principal impac t 1 1 1 2 
L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  L---7--------------�-----------------�------

The chronoloey of the helmet loss has evidehtly an important influence ·on the 
origin of head inj ury .  
Tab le 9 shows that the he lmet loss occurs 1 6  t imes before the main impact 
i t  means that the head was without any protection during the firs t impact .  
Among these 20 losses ,  we notice 7 skull fractures with high AIS , and 1 3  
inj ured people suffer from head les ions without fractures but with more or 
less long uncounsciousness . (4 AIS 4 ) . 

CONCLUSION 

After the analysis  of the car aggres s ivity facing the two wheelers 
user s ,  and the injured typology, we can cons ider the means of protection 
which have t o  be reinforced . 

- For vehic les : 
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We can envisage on cars , modifications of the front end which is the mainly 
touched par t .  



When the impact occur s ,  i t  has to be  absorbed to  decrease the s trengh 
exerted on lower limbs . 

Works are in proj ect concerning pedestri an proj ections and would help for 
the secur i ty of two wheelers users . 

- Two whee lers : 

lt  would be possible ,  p art icular ly on motor cyc les ,  to  place a frame 
avoiding the d irect contact  between l ower limbs and vehi cles or obs t acles . 

- For helmets  : 

The she l l s  used today are satisfying but energy absorb ing material could 
be improved by increasing thicknes s  and energy absorbing characteri s t ics . 

Helmet lass is  s t il l  a problem because i t  is  often associa ted with severe 
or fatal head inj uries . 
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