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I n  F ra nce , i n  traffi c a c c i d e n t s  one f o u r t h  o f  fata l i ti es a n d  one 
th i rd o f  s e ve re i nj ured a re two -whe e l e r s . Among thes e ,  moto r - cyc l e s  repres e n t  
t h re e - fo u rt h s  a nd b i cyc l e s  one fourth a s  concerns  fata l i t i es a nd respect i ve l y  
5/6 a n d  1 /6 a s  concerns  s e vere i nj u red ( 1 )  ( s ee F i g u re 1 ) .  Head i nj u r i es are 
the most  s e ve re a nd c o n s t i t u t e  the maj o r  c a u s e  of  death . 

T h i s  paper a n a l yz e s  3 9  c a s e s  o f  t ra uma t i c coma s ubsequent  to  two
wheel a c c i dents  ; 20 two-whee l er s  were h e l meted a n d  1 9  were n o t . A l l the pa
t i ents were admi tted to the  neu ro l og i ca l  i n tens i ve c a re u n i t  o f  the N e u ro l og i ca l  
h o s o i  ta l i n  Lyo n s . 

DESCR I PT I ON OF THE POPULAT I O N  

T h i s  popu l at i o n  i s  t a k e n  f rom 1 1 8 c a s e s  o f  a l l  k i n d s  o f  a c c i d e n t s  
wi th  trauma t i c  coma . A l l the  i nj u red h a v e  s hown trou b l es of  cons c i o u s n e s s  i mme
d i a te l y  o r  s h or t l y  after the a c c i d e n t , l as ti ng mo re t h a n  24 h o u r s  a n d  h a ve been 
coded A I S  5 .  F o r  a l  1 these cases the head i nj u ry was the most s e ve re : t h e  ma i n  
a s s oc i a ted i nj u r i es a re l i s ted  i n  Tab l e  1 wh i ch i nd i cates t h a t  t h e  mos t  s e ve re 
i nj u r i e s  to o t h e r  body seqmen t s  were n o t  bey o n d  A I S  3 ( 3  femur fra c t u re s , 3 l u n g  
contus i on s , 1 v e r t e b r a l  fracture , 1 i nj u ry of  t h e  por,> l i te a l  a rtery ) .  On  t h e  
o t h e r  h a n d , 1 8  i nj u red two-whe e l ers h a d  no  o t h e r  i nj u ry t h a n  t o  t h e  h e a d  e x c e p t  
s uperfi c i a l  a b ra s i o n s  o f  A I S  1 .  These  se l ec t i on  c r i te r i a m a d e  the popu l at i on 
c h a ra c te r i zed by a severe head i nj u ry wi t h  a s u ffi c i en t l y  l ang l a s t i n g  u n c o n s -
c i o u s n e s s  a n d  b y  r a t h e r  modera te i nj u r i e s  t o  the  othe r seqme n ts w i t h  the  a i m  t o  
avoi d t h a t  a s e ve re i nj u ry i n  add i t i o n  t o  the  h e a d  one s i q n i f i ca n t l y  i nc reased  
the who l e s e v e r i ty . I n  th i s  way i t  c a n  be a s s umed t h a t  the  p a t i e nt s ' s tate a s  
wel l a s  fa ta l i t i e s  a re exc l us i ve l y res u l t a n t from t h e  i nj u ry t o  t h e  head . 

l t  h a s  to be u n de r l i n ed t h a t  the  cases  s t ud i ed i n  t h i s  paper a re not  
repre s e ntat i ve of  head  i nj u r i e s  i n  two-wheel  a c c i dents o n  t he who l e  because  mi 
nor head i nj ur i e s a s  we l l  a s  po l y trauma w i t h  s evere i nj u r i es to  o t h e r  body seg
ments  h a ve n o t  been  i nc l uded . �oreov e r , t h i s s a mp l e  i s  composed o f  hos p i ta l i zed  
peop l e  ; hence t h e i r d i s tri b u t i o n  re l a ted tn head i nj u ry typo l oqy i s  l i ke l y  d i f
ferent from t h a t  o f  i nj u red peop l e  whn d i ed i mmedi a t e l y  o n  t h e  a c c i d e n t  s i te o r  
d u r i ng the i r  trans port a t i on t o  hospi t a l . 

Age v a r i e s  from 9 to 64 , the a ve raqe be i nq 23 . 8  a nd the med i a n  22 . 
F i gure 2 s hows the d i s tr i b u t i o n  r e l a ted t o  age q roups : 26  o u t  of  t h e  3 9  c a s e s  
( i . e .  67  %)  a r e  be tween 1 5  a nd 2 9  years o l d .  W i t h i n  t h i s aqe range , wh i c h cor
resoonds to  the greatest  motorcy c l e u s e , there a re 85 � o f  h e l meted i nj u red of  
the samp l e .  
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two-wheelers 

� =<  
ki l led i n  traffic accidents 

�„,.,. V 
\'L___j =< 

severely injured i n  traffic accidents 

19 % motorcycles 

6 % b i cycles 

27 . 5  % motorcycles 

5 . 5  % bi cycles 

F i g ure 1 Propo r t i o n  o f  k i l l ed and  s evere l y  i nj u red two-whe e l ers 
in traffi c a c c i den ts i n  F rance 

INJURIES AIS 1 

Superficial abrasions or contusions 12 

Rib fractures 

Clavicle fracture 

Fractures or d islocat ions of limbs 

Spine fractures 

Pelvic fracture 

Lung contusions 

Popliteal artery lacerat ion 

3 

Tab l e  1 I nj ur i e s  o f  the other body segmen ts 

AIS 2 

1 

6 

10 

2 

1 

AIS 3 

3 

1 

3 

1 
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NIJI,ÍBER OF PATIENTS

t5

'10

HEI¡,fETED

UNHELMETED

5

\< 14 15 - 19 20 - 29 30 - 39 40 - 49 > 50 AcE cRoups

Fjgure 2 : Distrjbution of patjents ìn age qroups

Though the number of cases j s not i arge enough to resu'l t ì n str^ongstatjsticalìy valjdated conclusjons, it can gìve some trends which are to befurther investìgated by means of additional ðases and experimental data.

IlETH DCL OG Y

All the patìents have had a clinical examinatjon made by physìcians
9f mobjìe emergency unìts on the accjdent s'ite or durìng their transporiatìon.
Then they have been peri odi cal ly exam'ined i n the j ntens íve care un'it and even
af ter i n other uni ts or rehabi l'itati on faci l i ties . These successi ve exam'inat.ions
made it possible to follow the course of injurjes and to know the outcome,

The state of consciousness and its variat'ion at successive examl'na-tions have been partìcu'larìy considered. Two scales have been used joìntly :the Gìasgow Coma Scale (GCS), which is rv'ide1y known, and a scale used for more
than 20 years ì n Lyons 

. 
(whi ch quotes oerceoti v'i ty, unspeci fi c reacti vi ty, pai n

re-acti vi ty and vegetati ve reactì vi ty) . I t ì s ìmportant to moni tor any vãr j at.ionof consciousness (either improvement'or impairment) to make assumpt'iäns about
ohysìonathologìcaj mechanjsms underìyi nq the comatose state,

,/"
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From the external examjnat'ion of patients, indjces of the locatjon
of impact on the head may be discovered jn order to establish relat'ionsphìps
betweän the ìmpact area änd the locat'ion of oossible brain lesions' Through a

ãompreh"nsive neuroìogìca1 examinatjon, some sìgns of loca'lization may be rela-
ied'to possìble focal brain jnjuries. Some routjne investigatìons such as skull
racl'iography, computed tomograpñy and electroencephaiography have been carried
out fór äli-patiänts on aOmissiõn an¿ sometimes aga'in later on. Other examina-

tions such as 'intracranial pressure recordinqs, cerebral anqiography and brajn
evoked potentìals have be.en performed in some patients on1y.

CLASSIFICATION OF HTAD INJURIES

1) Bone fractures
They can be divided into :

'invol vi ng the maxi I I ary, the nasal bone, the
zysomati c bone ¡.1:i1i'Ti::l3[,' either of the vault or of the base.

2) jsrie:
They can be either vascular or parenchymatous and also either

focal or diffuse.
- Among vascu.lar lesions, there are extra-dural hematomae, sub-

dural hematomae, sub-ãrachnoìdian hemorrhages, intra-cerebral hematomae and

intra-ventri cul ar hemorrhages.
- Focal .lesíons of the nervous tissue are main.ly brain contus'ions

which may be either coup contusions or contre-coup contus'ions depending on their
rocation rerated 

å?rll3"tilHi: ?;5:,^?:,'::"nå?..*o kinds :

. small diffuse petech'iaì hemorrhaqes inside the nervous tissue;
according to ZIMMER14AN (2), they occur rather at the level of the corpus calìosum,
the upper cerebellar peduncles, the ìnternal capsule, tne iunction of the gray
and the white matter. Sub-arachnoidian hemorrhages are very often assocìated and
intra-ventrjcular hemorrhages are found in one-thjrd of cases.

. stretchìng and rupture of fjbers in the whìte matter have been
described for more than 20 years (3) in microscopic examinations of brain sec-
tjons from autopsies. Due tô tnejr smal'l sìze, these'lesions cannot be described
without m'icroscopy, However, experìmental studies on animals (4) have show.the.y
are always present when there are petech'ial hemorrhages ; they may even exist
without petechial hemorrhages, Nevertheless, when no post-mortem exam'inatjon is
carried out, diffuse'injuries are difficult to diaqnose; sometimes sìgns of
micro-hemorrhages may be seen at the C.T, scan, In the other cases, these inju-
rìes have to be supported by clinical data.

Accordinq to GENNARELLI (5), two kinds of d'iffuse injuries, dìfferent
by the rate of stretchìng of nervous fibers and by the severity of resultjnq
symptoms can be di sti ngu'ished :

- the djffuse ìnjury is consjdered "to be prìmary traumatjc uncons-
ciousness, unassociated with mass les'ions, lastjng more than ?4 hours and not
associated with persistent continr,lìng decerebrate posturìn9",

- the diffuse white matter shearing ìnjury (DÌdSI) 'is considered to
be "primary traumatic unconsciousness of more than one day, with ejther C.T.
evidence of corpus cal losum hemornhagic lesions, or by persìst'ing decerebrat'ion
and prolonged coma not due to'intracranjal masses or intracranial hypertension".

Intna-cranial in

114



I n  fact , these two k i nds  o f  d i ffuse i nj u r i es a re d i f ferent o n l y  i n  
the i r deg ree and  not i n  the i r n a t u re nor i n  thei r p roduci ng mecha n i srn .  l t  seerns 
tha t there i s  a conti nuous re l a t i o n s h i p  between the i rnportance o f  the rnecha n i c a l  
i nput s i g n a l  and t h e  i nj u ry severi ty . T h i s segrne n t a t i on h a s  there fore been d rop
ped out . 

CONCEPT OF BEST D I AG NOS I S  

C . T . scan g i ves i rnaqes o f  i nj u r i e5 .  C l i n i ra l  exarn i na t i on s , e l ectro
encepha l ography , i ntra-cran i a l  p re s s u re i ndi c a te s i g n s  o f  d i s fo nc t i o n i ng . l t  i s  
i mporta n t  to estab l i s h re l at i o n s h i ps between struct 11 ra l  damage and funct i o n a l  
i mpai rrnen t s . The C . T .  scan  i s  a f i r s t - rate means o f  i n ves t i q a t i on ,  wh i c h  h a s  
gre a t l y  fa c i l i tat ed t h e  d i ag no s i s  i n  a l a rge n urnber o f  rases . Howeve r .  i t  h a s  
to be borne i n  m i nd t h a t  i t  overl ooks  s ome severe l e s i on s  and tha t ,  b e s i des , i t  
may s how v a r i ous l es i on s  i n  the same pati ent . Al l other a v a i l a b l e  cri teri a have 
then to be cons i dered to defi ne wh i c h  i nj u ry may e x p l a i n the p a t i e n t ' s  s ta t e  i n  
the l i ke l i e s t  way . Even i f  t h i s  po i n t rnay seem o b v i o u s  to phys i c i ans , i t  i s  nP
ces s a ry to underl i ne that  i t  i s  irnportant to rna ke the best  d i agno s i s  and  t.o s ay 
tha t a l l  i nj u r i e s  a re not equi v a l ent i n  term s  o f  severi ty . As a n  e xarnp l e ,  a 
sma l l  hem i spheri c contus i on together wi th a l i rni ted swe l l i nq and a norma l i n tra
c ran i a l  p re s s u re cannot e x p l a i n  a decerebra t i o n  syndrorne whereas a d i f fu s e  i nj u 
ry not v i s i b l e  o n  the scan  c a n  d o  i t . 

RESULTS 

F i gures 3 ,  4 and 5 i nd i cate the types of i nj u r:i es  as we l l  a s  the  
bes t d i agnos i s  fo r the who l e  samp l e ,  h e l rneted and non-hel rneted ri ders respect i 
ve l y .  These two g roups { he l rneted and non-hel rneted ) be i nq q u i te of the same s i ze 
( respect i ve l y  20 and 1 9 ) , they can be cornpared d i rect l y  w i thout  e s t a b l i s h i ng 
percentages .  

I n  a l l  cases , the d i ffu s e  i nj u ry ra n k s  f i rst  wi thout d i f fe rence bet
ween he l meted and non-hel rneted ri ders . 

As expected , the  rate ot s k u l l fra ct u re s  for the non-he l meted q roup  
is  twi ce that  o f  the  other  grou p .  

Al though they are pretty nurnerous ( i n  2 1  % o f  cases ) coup con tus i on s  
have been taken a s  best  di aqnos i s  o n l y  3 t i rne s , whether they were rni nor o r  a s s o 
c i a ted wi t h  more seve re i nj u r i es . 

I n  h e l me ted ri ders , contre-coup contus i on ra nks  s econd a s  b e s t  d i a 
gnos i s ,  whi l e  i n  non- h e l rneted ri ders t he second p reva i l i nq i nj u ry i s  e x t r a - dural  
herna torna . 

Tab 1 e 2 s hows out cornes for the va ri o u s  best d i  aqnoses . On the who l e 
death rate i s  38 . 5  % and 23 3 of pat i ents  have a severe o u tcome ( vegeta t i ve o r  
severe l y  d i sabi l i tate d )  ; o n l y  2 5 . 5  % recove red fu l l y o r  wi th very l i g h t  seque
l a e .  Di ffuse i nj u ry a l o ne accounts for 40 % of fata l i t i es ( an d  a l so for 45 % o f  
severe out cornes ) .  Four i nj u r i e s ( d i ffu s e  i nj u ry , e x t ra - d u ra l  hema torna , i n tra
cerebra l herna toma and contre-coup contu s i on )  account fo r 87 % of fata l i t i es .  

1 1 5 
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2 

ii---- Best di agnosi s 

i...------ A 1 1  i nj uri es _____ ___. 

Di ffuse i nj ury 

Contre-coup contu si o n  

5 

Sku l l  frac ture 

4 

Coup contusi o n  

Intra-cerebral hematoma 

Face fracture 

Sub-arach noi di an hemorrhage 

Ex tra- dural hematoma 

Concussi onllt lt:Concussi o n  has been taken i nto account 
onl y when i t  was the best di agnosi s 

Sub- dural hematoma 

Intra-ventri cul ar hemorrhage 

5 10 

Figure 4 I nj ury d i s tri buti on i n  hel meted two-whee l e rs ( 2 0  cases ) 
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3 

4 

4 

i-.--�ßest d i agnos i s--� 

1oe------ A 1 1  i nj uri es -----..t 

9 11  

D i ffuse i nj u ry 

Skul l fracture 

Extra-dural hematoma 

I ntra-ventri cu l ar hemorrhage 

Coup contus i o n  

Sub-arachno i d i an hemorrhage 

Sub-dural hematoma 

Contre- coup contu s i on 

I ntra-cerebral hematoma 

Face fracture 

Adul t  swel l i ngt tAdu l t  swel l i ng has been ta ken i nto 
account only  when i t  was the best di agno s i s 

5 10 

F i  g ure 5 I n j u ry d i s tr i b u t i on i n  u n h e l meted two -wheel e rs ( 1 9  cases ) 
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� Helmeted 

O. Unhelmet ed 
FATAL 

OUTCOME 

SEVERE MODERATE GOOD 

_::::::�::�:_::::�:::: -�----: ___ � ___ :_ -�------- -�---:-
EXTRA-DURAL HEMATOMA 

COUP CONTUSION 

------------- --------· 

INTRA-CEREBRAL 

HEMATOMA 

---------------------· 

SUB-DURAL HEMATOMA 

CONCUSSION 

----------------------
ADULT SWELLING 

mf 
TOTAL 

__ D__: _ ___ []_ __ '._ 

�J:]_____ -�-------
2 l 

�---- -�-------

0 

__ n ___ _ 

0 0 

0 0 

5 4 
1 5  9 

4 

0 

-�-------
0 

-�-------
0 0 

0 0 

0 

_fP! ______ _ 

0 

___ o ____ _ 

5 1 0  

TOTAL 
(BEST 

DIAGNOSIS) 

18 

7 

5 

3 

3 

20 

39 

0 1 0  (38 . 5%) 5 (23%) ( 1 3%) 3 ( 2 5 . 5% )  19 (100%) 
1 1 

• Mortality index indicates the number of death per 10 000 patients. 

Tab l e  2 Di s tr i b u t i o n  o f  b e s t  d i agnos i s  a n d  outcomes 

MORTALITY 

INDEX * 

1538 

5 1 3  

-----------
769 -----------
256 

-----------
5 1 3  

- ----------
256 

0 

0 

3845 
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D I  SCUSS I O N  

1 ) �!!��! -�!-�- � � � � � - !�9�!��� 
Among t h e  1 5  s k u l l f racture s  wh i ch were recorded ( i  . e .  3 8 . 5  % of  

cases ) ,  1 3  were fractures of the  va u l t  a nd 2 frac t u re s  of the  bas e .  T a b l e  3 
s hows that  o n  the  whol e ,  t h e  death  ra t e  i s  nea r l y  t h e  same wi t h  o r  w i t hout  a 
s ku l l fracture . I n  fact , i f  a d i s t i nc t i o n i s  made betwPPn he l mPted  and  non
h e l meted ri ders , i t  s eems t hat the  presence of a s ku l l fracturP s l i qh t l y  i nc rea
s es the death rate among non- h e l meted r i ders  and decreases  i t  amonq h e l rneted 
o ne s . 

Proportion of 

skull fractures 
Death rate 

Death rate Death rate 

with fractures without fracture 

-----------------------·--------------------------------------------------
Whole sample 3 8 .  5 7. 3 8 .  5 7. 40 7. 3 7 .  5 7. 

Helmeted 25 7. 25 7. 0 7. 33 7. 

Non helmeted 5 2 .  5 7. 52.  5 7. 60 7. 45 7. 

Ta b l e  3 E ffec t of s k u l l fra c tures on the death r�te  

Experi me nts  wi t h o u t  head i mpact  h a ve s hown t h a t  i t  i s  poss i b l e  to 
p roduce s u b - d u r a l  h ematomae and d i ffuse  i nj u r i P.s w i t h o u t  a ny fracture ( 6 ) . l t  i s  
the s ame for contre-coup contus i ons , but  i n  t h i s  c a s e  t h ey de> not  h a ve t h e  s ame 
topogra phy ( 7 ) . Moreove r ,  i mpact  forces nec e s s a ry to p roduce a s k u l  1 fracture 
a re k nown a n d  they v a ry depend i nq o n  the  i rnpact l oca l i z a t i on ( R ) . Consequences  
of  head  impact  can  be s c herna t i zed a s  s hown o n  F i g u re 6 : 

IMPACT 

MODIFICATION OF 

HEAD KINEMATICS 

CONTACT 

PHENOMENON 

F i g u re 6 

RELATIVE MOVEMENT STRETCHING OF 

BETWEEN SKULL AND �BLOOD VESSELS 

••UIL CO,TI•T �VI FI'''' 

P,RESSURE GRADIENTS �FAR EFFECTS ON 

SKULL CONTENT 

SKULL DEFORMATION �LOCAL EFFECTS ON �KULL CONTENT 

SKULL FRACTUR§ 

Proposed mech a n i s ms of  i nj ury 

INJURIES 

SUB-DURAL 
HEMATOMA 

DIFFUSE 
INJURY 

�'"'""-'''''""' LV"�EMATOMA 

CONTRE-COUP 
CONTUSIONS 

COUP CONTUSIONS 

EXTRA-DURAL 
HEMATOMA 

CONCOMITANT 
RATE OF SKULL 
FRACTURES 

20 ) 

33 

( 36 

43 

( 69 

80 

120 



i f  these mechani sms for exp l a i ni ng i nj ury occurrence a re a dm i tte d ,  the fra cture 
appears o n l y  a s  a phenomenon concomi tant  w i t h  other i nj u r i es . S i nce a fracture 
needs a certa i n  amount of energy , i t  i s  an i nd i cator of t he i mpact v i o l ence a n d  
the p resence o f  a s k u l l fracture , to some extent , may i ndi cate a certa i n  p roba
bi l i ty of b ra i n  i nj u ry .  Howeve r ,  t h i s  proba b i l i ty m u s t  be the h i gher a s  the 
i ntra-cra n i a l  i nj u ry mechani sm i s  c l o s e r  to the one w h i c h  i s  a b l e  to p roduce a 
fracture . So , the fracture rate as soci ated w i th i nt r a - c ra n i a l  i nj u r i es must  
i nc rease from the top to the bottom of the d i agram of F i g u re 6 ; t h i s  i s  s h own 
on the ri g ht col umn ( when the number of cases was under 5 a s  best  d i agnoses , 
the s ku l l  fracture rate correspondi n g  t o  a l a rger s amp l e  i nc l ud i ng pedestri a n s , 
car  acci dents and fa l l s  has  been i nd i cated between brackets ) .  

T h i s  c ha rt i ndi cati ng i nj u ry mecha n i sms a l l ows to exp l a i n  res u l t s  
o f  Tab l es 2 and 3 : by absorb i ng energy , the hel met l owers the contact phenome
non and the fra ct u re rate and then , the death rate i s  z e ro i n  case of fracture 
among helmeted ri ders ( T a b l e  3 )  and there i s  no fata l i ti es from i nj ur i es a s s o 
c i a ted w i t h  t h e  mecha n i sm of s k u l l deforma t i on among hel meted ri ders ( T ab l e  2 ) . 

2 )  �ff��!_gf_�_f���-fr��!�r� 
Four face fractures were recorded ( 2  among h e l meted ri ders a nd 2 

among unhel meted ones ) .  One was a s s o c i a ted w i th a fracture of the s k u l l base  i n  
a hel meted r i d e r  ; a nother one was a s s o c i a ted w i th a pari etal  fra c t u re of the 
vau l t  i n  a non-hel meted ri der . A l l these  4 fractures were mand i b u l a r  ; the death 
ra te of these 4 cases has ·been 50 . % • 

Three out of these  4 fra ctures were associ ated w i th a d i ffu se 
i nj ury ,  the fo urth one w i th a contre- coup contus i on .  

The cha rt o f  Fi gure 6 exp l a i ns that a fac i a l  i mpact v i o l ent enough 
to produce a fra cture and to i nduce a h i g h  torque a round the a rt i c u l a t i o n  o f  the 
head on the ve rteb ral col umn must  then l ea d  t o  l evel s of a ng u l a r  accel erati on 
l i ke l y  to res u l t i n  a di ffuse i nj u ry and pos s i b l y  a contre- coup contus i on .  

3 ) �ff��!_Qf_!b�-b�!��! 
The h e l met p ro v i des an obvi ous benefi c i a l  effect  s i nce i t  di v i des 

the death ra te by two ( see Tab l e  2 )  and i t  s l i gh t l y  reduces the number of s e vere 
sequel a e .  

I t s  e ffect i s  twofo l d  : 
- f i r s t ,  a s  menti oned above , i t  cance l s  fata l i nj ur i e s  as soci a ted 

wi th s k u l l deformat i on ( wh i l e  they represent 40 % of unhel meted fatal  cases ) .  
When an i nj ury of s u c h  a k i nd occurs i n  a h e l meted ri der , i t  means that  the hel 
met was not s trong enough , compared t o  the v i o l ence of t h e  i mpact , to p ro v i de a 
sati s factory p ro te c t i o n  : for i ns t a n c e ,  o n l y  one case  of extra-d ura l hematoma 
was recorded i n  a hel meted r i de r  whose hel me t  was broken duri ng the i mpact ; 
however i t  must  have had a n  effect ( though a l i rni ted one ) s i nce the · p a t i e n t  
recovered a fter s u rgery w i thout sequel a e . 

- second l y ,  the h e l met may h a ve a mi no r  e ffect on the s everi ty of 
di ffuse i nj uri es { but not on the i r  numbe r )  by l oweri ng the pea k rota t i o n a l  acce
l era t i on wh i l e  i t  i s  bei ng deformed . T h i s  l atter effec t  i s  l es s  obvi ous than the 
forrner one and s h ou l d  be a s s es s ed from a l a rg e r  s arnp l e .  

Currently used hel mets do not however offer a n  absol ute p rotec
t i o n  s i nce 25  % of he l meted users h a ve been k i l l ed and 20 % h a ve recovered w i th 
severe seque l ae . Research work s h o u l d  be carri ed out  w i t h  the p urpose of i rnpro
v i ng the perfo rma nce of he l rnets . 
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4 )  E f fect  of aqe - - - - - - - - - - - - -
The effect o f  aqe i s  d i ffi c u l t  t o  e s t i ma t e  wi th a s ma l l  samp l e  

beca u s e  rnany o t h e r  factors  i nte rfere : the  types of  vehi c l es a nd t h e i r ma x i mum 
VP l oc i ty and the perce ntage  of h e l meted r i d e r s  are not the same i n  the v a r i o u s  
aqe g ro u p s . 

The  d i s t r i b u t i o n  of  outcomes i n  t h e  v a r i ous aqe g roups i s  q i ven  
on  F i g ure 7 .  I t  s eerns that  the aqe q roup  20-29  i s  a t u rn i nc; qroup  s h ow i n g  a 
ba l a nced d i s t r i b u t i o n betwe e n  f a ta l i t i es ,  severe �eq 1Je l a e ,  moderate s eq u e l ae 
a nd recov e ry wi t ho u t  seque l a e .  Befo re the aqP of  2 0 ,  t h e  s eq u e l a e  rate i s  l ow 
( 16 '� ) ,  the death r a t e  i s  h i qh ( 56 % )  a nd t h e  rate of  reco very wi t h o u t  seque l ae 
i s  mean ( 2 8  3 ) . After the  aqP of  29 , d e a t h  rate and  rate of recovery wi thout 
seque l a e  are l ow ( respPct i ve l y  25  % and 1 2 . 5  % )  , the rate of  seque l a e ,  a l l bei ng 
s e ve re , i s  v e ry h i qh ( 6 2 . 5  , ) .  T h e n  i t  seems t h a t  f rom the aqe of 3 0 ,  fata l i t. i e s  
a re few b u t  good recoveri e s  a re u n u s u a l . 

Number of 
patients 

15 

10 

5 

F i g ure 7 

14 15-19 20-29 30-39 40-49 50 

good 

moderate 

bad 

death 

Age groups 

O u tcome d i s tr i b u t i o n  re l a t i ng to aqe g ro u p s  
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5 ) �ff��! _ Qf _ ���ig�� ! _ !Y P�� 

An a ttempt was  made to  d i  s t i  nq u i  s h  s ponta neous fa 1 1  s to the q round 
from i mpacts  ag a i ns t  a veh i c l P .  So , 1 2  cases of fa l l s to  the q round a nd 1 6  c a s es 
of i mpact aqa i n s t  a vehi c l e  have been i dent i fi pd � i n  thP rema i ni ng 1 1  c a ses . t h P  
a cc i dent type was no t corre c t l y  i denti f i ed .  

No s i g n i fi c: a n t  d i fferPnce re l a ti ng to t he outrome rou l d be found 
between these two sub-samp l es .  The o n l y  d i ffprence recordPd i s  the h i qhest  per
centage of d i ffuse i nj u r i e s  and  morenver the q reatest  sevPr i ty nf  thPSP i nj u r i e s  
i n  cases  o f  imoact aqa i n s t  a veh i c l e  ( sep T a b l e  4 ) . T h i s  fpature may b e  e x p l a i ned 
by the sudden s toppi ng genera t i ng h i g h  a c r e l era t i ons  opposPd to cases nf sponta
neous  fa l l s  duri ng wh i ch e i ther the s peed i s  l ow or the r i der s k i d s  on  to the 
g round and  s tops l es s  roug h l y .  

FATAL 

OUTCOME 

BAD MODERATE GOOD 

TOTAL NUMBERS 
OF 

DIFFUSE INJURIES 

-----------------------------------------------------------------------
Ground impact alone 0 

( 12 cases) 
2 4 

Vehicle impact 
4 )1( 3 11( .  0 

( 1 6  cases) 
8 

6 
Unknown 

2 0 3 ( 1 1  cases) 
TOTAL (39 cases) 6 4 4 4 18 

• 67% o f  fatal diffuse inj uries 

• • 75% of diffuse injuries leading to severe disabilities 

Tab l e  4 Numbers of  d i ffuse  i nj u ri es and  res u l tant  outcomes 
fo r the d i fferent types of acc i dent  

6 ) �Q��� �i?9�� -Q!_!�9=����l���-�i ! �_Q!���- �Q��!Q��-��!i��!?  
Our  s tudy p re s e n t l y  covPrs 1 1 8 cases  nf  trauma t i c  unronsc i ou s nes s ,  

out of wh i ch 1 08 res u l t  from traf fi c a c c i dents ( 3 4  c a r  a c r i dents  and 3 5  pede s 
t r i a n  a c c i dents  i n  add i t i on t o  the 3 9  cases  o t  t h i s  papPr ) a n d  1 0  res u l t frorn 
fa l l s ,  a s s a u l t s o r  sport i nq acc i dent<. .  T a h l e  5 rnmpa res the out rome<. i n  t.hese 
var ious  catego r i es . l t  i s  noted t h a t  there i s  n o  s i q n i f i r a n t  d i fference an the  
whol e ,  except  that pedes t r i a ns have t h e  h i qhest. dpath  rate amonq t ra f f i r  a c c i 
dents and  c a r  pas sengers the l owes t .  When rons i deri nq two c a tegori es of  outcome s  
on l y ,  i . e .  bad out comes ( fa ta l i t. i e s  a nd seve re seque l a e )  a n d  qood out cornes { f u l l 
recove r ies  a nd mode rate seque l ae ) , i t  i s  noted they a re q u i te even ly  d i s tr i buted 
whatever the g roup of i nj u red i s ,  wi t h  an a verage percentage of bad outcornes of  
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6 2 . 5 % v a ry i ng from 60 t o  6 7  % o n l y . 

OUTCOME 

FATAL BAD MODERATE GOOD TOTAL 

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

2-WHEEL AGGIDENTS 
(39 cases) 

-Helmeted 

-Unhelmeted 

3 8 . 5  

25 

52 . 5  

23 

20 

2 6 . 5  

1 3  

2 0  

5 

2 5 . 5  

35 

1 6  

100 

100 

100 

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

GAR AGGIDENTS 
(34 cases) 

35 32 12 21  100 

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

PEDESTRIAN AGGIDENTS 
(35 cases) 

54 6 1 1  29 100 

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

NON !RAFFIG AGGIDENTS 
( 1 0  cases) 

60 1 0  3 0  100 

--------------------------------------------------------------------------------------
WHOLE SAMPLE 44 1 8 . 5  1 2  2 5 . 5  100 

( 1 18 cases) 

Tabl e 5 o u t come compa ri s o n  o f  two-whee l er s  wi th  o ther 
p a t i e n t  g ro ups  h a v i ng a t ra uma t i c  uncon s c i o u s ne s s  

O n  the  e t. h e r  h a n d , i f  h e l me ted two whPe l e r s  a n d  u nh P l me ted o n e s  
a re c o n s i d e red s epa ra te l y , i t  i s  o b v i o u s  t h a t  h e l me t e d  ri d e r s  h a vP a f a r  bPtter 
p rognos i s  t h a n  other g roups o f  i nj u red � re ve rs e ly , non - h P l meted r i d e rs reac h  
7 9  % o f  b a d  o u t comes , w h i c h cons t i tutes  t he w a r s t  proqnos i s .  T h i s s hows how t he 
wea r i ng of h e l met has  a bene f i c i a l  e f fe c t  o n  b r a i n i nj u r i e s . 

7 ) �Q���g����� � - i � - !��� � -2f_Q�2!��!!9� 
W h e n  co n s i der i n g t h e  c h a r t  of Ta b l e  6 ,  i nj u r i e s c a n  b e  c l a s s i fi ed 

i n  3 ma i n  categor i e s  from th e i r  mec h a n i sm o f  o c c u r r e n c e  : 
- i nj u r i es res u l t i nq f rom a n  anqu l a r arre l e ra t i on ( 4 )  ( 7 ) . 
- i nj u r i es wh i ch h a ve a n  i n t r i c a ted m e c h a n i sm ( a nq u l a r  a c c e l e r a -

t i on , p re s s u re g ra d i e n t , s k 1J l l  d e f orma t i on )  whose p r e v a i l i n q f a r t o r  i s  not c l e a r 
l y  k nown , 

phenomenon . 
- i nj u r i e s  wh i c: h  a re s u b s eq u e n t  t n  thP  l oc a l  e f f e c t  of the co n ta ct 

T a b l e 6 s hows th e res pec t i ve p a rt o t  t he v a r i ous mec h a n i sms i n  t h e  
d e t e rm i na t i o n  o f  d i fferent  pos s i b l e o u t c orne s . l t  i s  c l ea r  t h a t ,  wh i l s t  t h e  he l met 
e n s u res p ro te c t i o n aqa i n s t  t h e  l o c a l  e f t ect o f  t he con t a c t  phPnomPnon , i t  h a s  no 
a c t i o n  on t he o t h e r  mecha n i sms . T h e f a c t  th a t i nj u r i e s  of " i n t r i c a ted mecha n i sm" 
type a re p rev a i l i n g i n  h e l me t e d  r i d ers ( h en ce , re l a t i ve l y w P l l p ro ter t e d  aga i n s t  
the cont a c t  phenome non ) i nd i c a t e s  t h a t  t h e  mo d i f i c a t i on o f  head k i nema t i cs seems 
to be t h e  ma i n  mech a n i sm to p r o d u c e  t he s e  i nj u r i es . 
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l 
BEST 1 

1 

DIAGNOSIS l 1 j FATAL 
1 1 

OUTCOME 

SEVERE MODERATE GOOD 

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

ANGULAR ACCELERATION 
1 1 
1 1 

(Diffuse inj . 
S . D . H. 
Concussion) 

1 1 

Helmeted : SO : 
1 1 
1 1 

Unhelmeted S3 1 
1 
1 

1 1 

40 2S 7 S  S7 
so 60 100 33 

---------------------------4-----------+-----------------------------------------------

INTRICATED MECHANISM 
1 1 
1 1 
1 1 
1 1 

(Contre-coup C .  Helmeted : 3S : 
I . C. H . )  : : 

Unhelmeted 1 6  1 
1 
1 

1 1 

60 so 2 S  14 
10 20 33 

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

LOCAL EFFECT OF CONTACT : : 
(Coup Contus. 

E.D.  H . )  

1 1 
Helmeted : lS : 

1 1 
1 1 

1 
Unhelmeted 2 6  : 

1 1 

2S 29 
40 20 

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

OTHER 

(Swelling) 

' 1 
1 1 
1 1 
1 1 
1 1 

Helmeted : : 
1 1 

Unhelmeted s 1 
1 
1 
1 

33 

Tab l e  6 : P reva i l i ng mech a n i sms for he l meted and  unhe l me ted 2 -whee l ers  
( %  of a l l the  b e s t  d i agnoses and o f  each outcome i n  each group ) 

To i mp rove the overa l l p ro te c t i o n  of two-whee l e rs , two types of 
mea s u res  may be put  forward from the prev i ous  res u l t s  : 

- to make h e l met wea ri ng compu l s ory for a l l  two-whee l ers , wh i c h 
woul d a l l ow to reduce fata l i t i es of one- th i rd i n  cases  of  severe t rauma t i c un-
cons c i o u s ne s s . 

To reduce cos t s  and  to obta i n  a good acceptabi l i ty from b i cyc l i s t s ,  
i t  woul d be adv i sab l e  to p ropos e a s i mp l er and l i gh t e r  he l me t ,  a s  suggested by 
ALDMAN ( 9 ) . I n  fact , data  from th i s  s t u dy and  from oth ers ( 1 0 )  as  wel l i nd i c a te 
that mos t  c ra n i a l  i mpacts  a re l ocated on  the peri phery and not on the top of the 
s k u l l .  A ri ng-s haped p rotect i ve paddi ng a round the head cou l d  afford b i cycl i s ts  
a p rotec t i o n  nea r l y  as  good a s  a comp l ete he lmet  wou l d  do , but  w i thout  i ts draw
backs  ( 9 ) . 

- i n  a second s tep , to further dev e l o p  p rotec t i on , dev i ces  w h i ch 
l i mi t head angu l a r acce l erat i on duri ng an  i mpact  mus t be des i g ned . Th i s  i s  mu ch 
more d i ffi cu l t to a c h i eve s i nce such dev i ces s hou l d  be effect i ve whatever the 
s i te a nd the d i rect i on o f  the i mp 0 c t  on the head a re .  

CONCLUS I O N  

From th i s  s t udy , whi ch h a s  t o  b e  c a r r i ed o n  t o  conf i rm i ts resu l ts 
on a l a rger popu l a t i o n ,  i t  i s  pos s i b l e  to draw some conc l us i on s  wh i ch ,  s ha l l  i t  
be remi nded , a re va l i d  o n l y  w i thi n the l i m i t s  of repres en tati veness  o f  t h i s  
sampl e ( i t  does not i nc l ude i mmed i a te death nor del ayed unco n s c i ousne s s ) : 

- the death  rate i s  twi ce for unhe l meted ri ders t h a n  for h e l me ted ones , 
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- the helmet mai n l y  e l i mi nates fatal head i nj u r i e s  re l ated to the 
contact phenomenon , i . e .  extra-dural  hematoma and coup contus i on ,  

- the s k u l l fracture has only a mi nor act i on on the occurrence of 
i nj u ry to the i n tra-crani a l  content ; however ,  i t  i s  an i nd i ca t i on of the i mpact 
v i o l ence , and hence i t  i s  often associ a ted wi th the l ocal  effect of the con tact 
phenomenon , 

- faci a l  i mpacts may produce faci a l  fractures but s i mul taneously 
they may i nduce h igh  head a ngu l a r  acce l erati on s ,  

- the outcome depends o n  pati ents ' age i n  the s ense  that only one 
patient  over 30 has tota l ly recovered wi thout seque l a e ,  

- bra i n  d i ffuse i nj uri es account for 46  % o f  a l l  best d i agnoses and 
a re a l together more freq uent and more s evere i n  a cci dents wi th  i mpact aga i n s t  
another veh i cl e than i n  cases of s pontaneous fa l l s  to the ground , 

- on the whol e ,  compared to the other cases of trauma ti c uncons c i o us 
nes s ,  he lmeted two-wheel e rs have the best prognos i s  whi l e  unhe lmeted ones have 
the worst , 

- a better protection  can be achi eved by taki ng two s ucces s i ve s teps 
to bri ng the helmet wea r i ng i nto genera l use  even for b i cyc l i s ts , then to des i gn 
head protecti ve devi ces wh i ch l i mi t the angul a r  a ccel erat i on dur ing  an  impact . 
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