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W i t h i n  t h c  F r ame o f  t ra u ma t i c: p a t h o l ogy , h e a d  i n j u r i e s  p reva i l  
due t o  t h e i r  f re q u e n c y  a n d  t h e i r  s e ve r i t y .  Wh i l e  a l o t  o f  t h e m  have a 
mode r a t e  s e v e r i t y 0n l y ,  s ome a r e  l i f e  t h r e a t e n i n g o r  r e s u l t  i n  v e r y  impo r t a n t  
s e q u e l a e .  H e a d  i. n _j u r i E' s  a r e t h e r e f o r e t h e f i r s t  c a u s e  o f  mo r t a l i t y and o f  
s e v e r  e d i s ;;i b i 1 i t i e s ma i n 1 y • 

Th i s  p a p e r  a n a  l y z e s  1 7 6 c. a s e s  o f  s e v e re h e a d  i n j u r i e s  w i c h a 
t rauma t i c  u n c o n s c i ou s n e s s  e x c c e d i ng 2 4  h ou r s .  A l l  t h e  p a t i e n t s  we re a dm i t t e d  
r o  t h e  l n t. e n s i ve Ca re Un i t. o f  t h e  N e u ro l o g i c .i l  H o s p i t a l  " P i e r re We r t h e i me r" 
i n  Lyon . 

POPULATION CHARACTERI STI CS 

1 )  Se l e c t i on c r i t e r i a  
,., t h e  f i r s t  c r i t e r i on i s  t h e  a dm i s s i o n  t o  t h e  N e u r o l o g i c a l  

I n t e n s i ve Care Un i t ,  wh i c h  d e t e r m i n e s  t h e  s e ve r i t y o f  h e a d  i n j u r i e s ( A I S  5 ) .  
* t h e  s e c. end c r i t c r i o n  i s  t h a t  p a t i e n t s  mu s t  n o t  have s e v e r e  

i n j u r i e s  L o  o t h c r  b o d y  s e gme n t s .  I n  f a c t , 8 5  o u t  o f  t h e  1 7 6 p a t i e n t s  had no 
a s s o c i a t e d i n j u ry e x c 0. p t  s u p e r f i c i a l  a b r a s i on s  or c o n t u s i o n s . Ta b l e  1 shows 
a s s oc i a ted i n j u r i e s i n  the q1 o t h e r  pa t i en t s .  On l y  1 had an AI S 4 l e v e l 
i n j u ry ( s p i e en ru p t u re ) .  A l l t h E'  o t h e r  i n j u r i e s were � A I S  3 .  Th i s  c r i t e r i on 
l e a d s  to c o n s i de r  t h a t  a s soc i a t e d  i n j u r i e s  o n l y  have a m i n imum aggrav a t i n g  
e f f e c t  on h e a d  i n j u r i e s .  

2 )  Type s o f  a c c i d e n t s 

The samp l e  o f  t h i s  s t ud y i nc l u d e s  t r a f f i c  a c c i de n t s  ma i n l y 
( 1 5 2 c a s e s ) and 2 4  c a s e s  o f n o n - t r a f f i c a c c i de n t s .  The d i s t r i bu t i o n  between 
the va r i ou s  road u s e r s '  c a t ego r i e s  i s  g i ven i n  Ta b l e  2 .  

3 )  Age a n d  s c x  
F i gu r e  i n d i c a t e s  t h e  d i s t r i bu t i o n  o f  pa t i e n t s  i n  5 age 

gro u p s . l t  c a n be s e e n  t h a t  e h e  two y o u n g e r  age g r o u p s  a r e  o v e r r e p r e s e n t e d  : 
6 7  % o f pa t i en t s  a r e  u n d c r  1 0  y e a r s . T h e  mcan a ge i s  2 6 . 4  y e a r s .  Howeve r ,  t h e  
d i s t r i b u t i on a s  p e r  a ge v a r i e s  w i t h  t h e  t y pe o f  a c c i d e n t  5 0  !. o f  n on -

r-. r a f f i c  a c c i den t s o c c 1 1 r r c d  i n  p a t i e n t s  o f  40 y e a r s  a n d  o ve r ,  wh i l e 50 % o f  
a c c i de n t s  i nv o l v i ng ped e s t r i a n s  a n d  unhe l me t e d  two-wh e e l  r i de r s o c c u r r e d  i n  
p a t i e n t s l e s s  t h a n  2 0  yP a r c.; o l d .  F i f t y - f o u r  pe r c e n t  o f  h e l me t e d  two-whe e l  
r i d e r s  o f  t h i s  p o pu l a t i o n  a rc b c t we e n  2 0  and 2 9  y c a r s  o l d .  

S e v e n t y - s c• v e n  p e r  c <� n t.  o f  p a t i e n t s  a r e  ma l e  a n d  2 3  /. a re 
f ema l e . 
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A I S  AI S 2 A I S  3 AI S 4 

R I B  FRACTURES 1 0  4 

CLAVICULAR OR SCAPULAR FRACTURES 1 4  
FRACTURE AN D/OR D I S LOCATION OF 

TH E UPPER L I MBS 18  6 
FRACTURE AND/OR D I S LOCATION OF 

TH E LOWER L I MBS 1 2  33 
PELVIC FRACTURES 8 2 
S P I NAL FRACTURES OR D I S LOCATIONS 8 6 
ARTE R I AL LACERATIONS 3 
LUNG CONTUSTONS - PNEUMOTHORAX -
HEMOTHORAX 1 4  
SPLEEN RUPTURE 1 

Table 1 Associated injuries 

CAR OCCUPANTS 
H E LMETED TWO-WHEEL R I DERS 
UNHELMETED TWO-WH EEL RI DERS 
PEDESTRIANS 

46 ( 2 6"l. ) 
2 8  ( 1 6"l. ) 
34 ( 1 9% )  
44 ( 2 5"l. ) 

Traff ic accidents 
1 52 

( 86"l. ) 

Non-traff ic accidents 
24 

( 1 4% )  

TOTAL 1 76 

Table 2 Distribution of accident types 
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NUMBER OF SUBJECTS 
NON-TRAFFIC ACCIDENTS 

70 
HELMETED 2-WHEELERS 

UNHELMETED 2-WHEELERS 

60 CAR OCCUP ANTS 

PEDESTRIANS 

50 2 6  
Numbers indicate the 7. 
for each group of age 

lliJ 
40 

30 

20 

1 0  

0 

< 20 20-29 30-39 40-49 � 50 AGE GROUPS 

Figure 1 Distribution of victims in age groups 

HETHODOLOGY 

A l l t h e  pat i e n t s  were examined by the phys i c i a n s  o f  t h e  Mob i l e  
Eme rgency Un i t  on t h e  a c c i de n t  s i t e and dur i ng t h e i r  t r a n s p o r t a t i o n t o  
h o s p i t a l .  Once admi t t e d , i n  a d d i t i on t o  f requent  c l i n i c a l examina t i o n s , 
v a r i o u s  means o f  inve s t i ga t i on were u s e d  t o  e s t a b l i s h  the d i a gno s i s  : sk u l l  
r a d i ography , CT scan , EEG , bra i n  evoked p o t e n t i a l s ,  i n t ra-cran i a l  
p r e s s u r e , • • •  

The o u t come h a s  been s t u d i e d  u p  t o  6 mo n t h s  a f t e r  t h e  acc i den t . 
l t  c a n  b e  a r ranged i n t o  t h e  f o l l ow i ng 4 g ra d e s  o f  d e c r ea s i n g  s e ve r i t y  : 

i: fata l i ty 
i: severe outcome inc l ud i ng vege t a t i ve s t a t e  and a l l  impo r t a n t  

seque l a e  ma k i ng the p a t i e n t  not  a u t onomo u s  
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* moderate outcome i nc lu d i n g  sequ e l a e  resu l t i ng i n  a s i g n i f i c a n t  
d i sa b i l i ty  b u t  w i thout  l o s s  of  aut onomy 

>'• recovery e i t h e r  fu l l  or o n l y  w i t h  very s l i g h t  seque lae not 
a b l e  t o  d i s t urb t h e  pat i e n t ' s  l i fe  i n  a s ign i f i c a n  way . 

Th i s  c l a s s i f ic a t i on i s  not based on t h e  exact  n a t u re o f  seque lae  
but r a t h e r  on t h e  p a t i e n t ' s  a b i l i ty to t ake c a re o f  h imse l f  and to  h ave the 
same a c t i v i t y  aga i n  a s  b e f o re the acc iden t .  

For  each subjec t ,  a 1 1  the ava i l a b  l e  means have been used to  
e s t ab l i s h  the b e s t  d i agnos i s ,  wh ich is  not a lways  the  mos t  obv ious at  t h e  CT 
scan . l t  i s  cons idered  as t h e  most  l ik e l y  to exp l a in t h e  c l in i c a l  symp toms o f  
Cen t ra l Nervous S y s t em d i s func t i o n i n g .  

The dyna m i c  a s p e c t  o f  per f ormed i nve s t i g a t i o n s  i s  of p r ime 
impo r t ance and any mod i f i c a t ion of sympt oms mus t be t aken i n t o  accoun t . The 
fo l lowing case con s t i tu t e s  a demon s t ra t i ve examp l e  

A g i r l  o f  1 5  was impa c t ed by a bus when c ro s s i n g  the 
s t re e t . She was imme d i a t e l y  i n  a deep coma w i t h  a G la sgow 
Coma Score of  3 .  CT scan d i d  n o t  show any t h i ng except a 
very sma l l  pref ronta l contu s i on t h e re was n e i t h e r  
hemat oma nor  m a s s  e f f ec t .  Both  pup i l s  w e r e  i n  myd r i a s i s .  
The day a f t er , t h e  l e f t  pup i l  became more d i la ted t h a n  t h e  
r i g h  t one , t h e  EEG showed an a syme t r y  b e  tween t h e  two 
hemi sphere s .  Ano t h e r  CT scan was made show i n g  an 
ext radura l hematoma ( EDH ) under t h e  imp a c t  zone . A f t e r  
surge r y , s h e  d ied a t  t h e  end o f  t h e  t h i rd day . No 
nec rop s ic exam i n a t i o n  was p e r fo rme d .  
I t  i s  d i f f ic u l t  t o  d e t e rm i ne wha t  t h e  exact  cause o f  dea t h  
was . l t  se�ms obvious  t h a t  a d i f fu s e  i n j u ry e x i s t e d  before 
t h e  occurrence o f  the EDH on t h e  o t h e r  hand , the 
f a t a l i t y  rate is  very h i gh w i t h  a GCS o f  3 .  We conc luded 
that  t h e  EDH d i d  not change t h e  prognos i  s s i gn i f i c an t l y  
and we gave " D i f f use l n j ury" a s  b e s t  d iagno s i s . 

One o f  our a s sump t i ons  i s  t h a t  t h e  progn o s i s  o f  f o c a l  i n j u r i e s  
i s  very dependent o n  t h e  pre sence o f  an a s s oc i a t ed ( and o f t e n  und i agnosed ) 
d i f f use i n j ury . We t h ink t h a t  the i mp o r t ance o f  d i f f use i n j u r i e s  i s  
undere s t ima t e d .  Th i s  resu l t s  f rom the f a c t  t h a t  f o c a l  i n j ury i s  d i agnosed 
much more ea s i l y than d i f f use i n j u ry f rom C . T .  scan as we i l  a s  f rom post
mo r t e m  exami n a t ion in  the absence o f  mic roscopy . The refore  i n  t h i s  s t udy we 
g i ve an i mpo r t a n t  we i ght to c l i n i c a l  symptoms i n  t h e  d i agno s i s  d e t e rm i na t io n .  
Th i s  i s  i n  agreement w i t h  Gennare l l i ' s  de f i n i t ion ( 1 ) .  Be s i de s , w e  d o  n o t  
k e e p  t h e  d i s t i nc t ion be tween d i f fuse i n j u ry a n d  d i f f u s e  wh i t e  ma t te r  s he a r i ng 
i n j ury ( DWSI )  that  Gennarc l l i  make s ,  because t h i s  d i s t inc t i on , wh i l e  u s e f u l  
i n  v i ew o f  a progno s i s ,  i s  based o n l y  on  t h e  seve r i ty o f  consequenc e s  o f  an 
i n j ury mechan i sm i d en t i c a l  in  the 2 c a s e s  and is not very u s e f u l to def i ne 
ways of protec t i on . 

A l l  our pa t i e n t s  sus t a i ned a b r a i n  c oncus s i on wh i ch was mo re o r  
l e s s  deep a n d  l o n g  l a s t i n g .  W e  kept i t  a s  b e s t  d ia gno s i s  on l y  when . there  w a s  
a beg i nn i ng o f  i mp rovemcnt w i th in t h e  f i r s t  day , w h e n  a f u l l  recovery , except 
an amne s i a  ( see OMMAYA ' s  d e f i n i t ion ( 2 ) )  occurred and when there  was no  
a s s oc i a t ed ma s s  l e s i on .  
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RESULTS 

Ta b l e  3 shows t h e  out come E o r  e a c h  type o f  be s t  d i agno s i s . l t  
a pp e a r s  that d i f f u s e  i n j u ry i s  the mo s t  severe when c o n s i d e r i ng the numb e r  o f  
f a t a l i t i e s  and o f  severe o u t comes a s  we l l .  I n t ra-c ra n i a l  hematoma s g i ve an 
l a rge number o f  f a t a l i t i e s  but have a l ow index of seve re o u t c ome s .  
Co n t u s i o n s  seem to be t h e  l e s s  severe i n j u r i e s . I n  f ac t , d i f f u s e  i n j u r i e s  
a r e  p r e va i l i ng b y  t h e i r  numb e r  e s se n t i a l l y ; the i r  f a t a l i t y r a t e  ( 3 9  % )  i s  
l ow a s  compared w i th t h a t  o f  hema tomas ( 54 t o  7 6  % ) . Th i s  i s  due t o  the f a c t  
that b e n i gn c a s e s  o f  hematomas are not a b l e  t o  re s u l t  i n  a n  imme d i a t e  
uncon sc i o u s n e s s  l a s t i n g  2 4  h o u r s  a t  l e a s t  ; t h e r e f o re when they were p r e s e n t  
i n  t h i s  samp l e , they were a s s o c i a t ed w i t h more severe i n j u r i e s  a n d  w e r e  not 
cons i de red a s  t h e  best d i agnos i s .  Furthermore other b e n i gn c a s e s  o f  hema tomas 
were not p r e s e n t  i n  t h i s  s a mp l e  s ince one of t h e  s e l e c t ion c r i t e r i a  was an 
i mme d i a t e  unconsc i o u s ne s s .  

Th i s  t a b l e  shows t h a t  the r a t e  o f  sku l l  f ra c t u r e s  a s s o c i a t e d 
w i th i n t ra-c r a n i a l  i n j u r i e s  i s  not the same f o r  a l l  t y p e s  o f  i n j u r i e s . Th i s  
p o i n t  w i l l  b e  d i s c u s s e d  l a t e r  o n .  

Ta b l e  4 i n d i c a t e s  the outcome f o r  e ach t y p e  o f  a c c i d e n t  v i c t ims . 
As a who l e , the d i s t r i b u t i o n s  are not s i gn i f i c an t l y  d i f f e re n t . The recove ry 
r a t e  i s  about t h e  same i n  the f i ve sub-pop u l a t i o n s  ( va ry ing f rom 2 3  % to 3 2  
% ) .  However l a rger d i f f e re n c e s  e x i s t  conc e r n i ng the f a t a l i t y r a t e  ( 3 5  % t o  5 8  
% ) • 

The c a t e go r i e s  o f  pat i e n t s  f o r  wh i c h  a h e a d  protec t i on h a s  b e e n  
d e s igned ( c a r  occupa n t s  and two-whee l r i d e r s ) have a l ower f a t a l i ty r a t e  t h a n  
t h e  o t he r s .  At the same t ime t h e y  h a v e  a h i gh r a t e  o f  s e v e r e  o u t c ome . Th i s  
sugge s t s  t h a t  some c a s e s  wh ich wou l d  have been f a t a l  w i thout p ro t e c t i on a r e  
t u rned i n t o  non f a t a l  c a s e s  b u t  w i t h  a severe o u t c ome ( a  s i gn i f i c a n t  
d i f f e rence e x i s t s  be tween d i s t r i b u t ion o f  f a t a l i t i e s  and s e v e r e  outcome s i n  
t h e  f i ve c a t e go r i e s  o f  pat i e n t s ) .  The r a t e  o f  sku l l  f ra c t u r e  i s  s i gn i f i c a n t l y  
d i f f e rent be tween t h e  f ive c a t e go r i e s . 

F i gure 2 shows the v a r i a t ion o f  t h e  average r a t e  o f  i n j u ry 
a c c o r d i ng to the k i n d  of acc i dent . For c o n t u s i o n s  ( c oup and cont re-coup ) and 
f o r  I n t ra-Cra n i a l  Hema tomas ( I CH ) ,  t h e  v a r i a t i on is n o t  very l a rge . On the 
cont r a ry , for d i f f u s e  i n j u r i e s ,  Sub-Du r a l  Hema tomas ( S DH ) and EDH there a r e  
l a rge s c a t t e r s  : f o r  EDH t h e  h i gh e s t  r a t e  i s  u p  t o  9 t ime s t h e  l owe s t  one . l t  
must b e  n o t e d  t h a t  non-t ra f f i c  a c c i d e n t s  have t h e  lowe s t  r a t e  o f  d i f f u s e  
i n j u r i e s  and the h i ghe s t  r a t e  o f  both SDH a n d  EDH . l t  i s  a lmo s t  the oppo s i t e  
f o r  he lmeted two-whee l r i de r s . I n  t h i s  popu l a t i o n ,  f o r  a l l  t ra f f ic a c c i den t s ,  
d i f f u s e  i n j u r i e s  a re f requent and SDH o c c u r  very s e l d o m .  At l a s t , EDH a r e  5 
t i mes a s  f requent i n  unh e l me t e d  two-whee l r i d e r s  a s  i n  h e lmeted one s .  
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Sku l l  Fa t a l i t y  Severe Moderate Recovery Total Mor t a l i t y  Index o f  

fracture outcome outcome index s e v e r e  
number * outcomc 
( ra t e ) * 

---- --- ---

DIFFUSE 1 6  24 1 2  9 1 6  6 1  1 36 4  68 2 

I NJURY ( 2 6 )  ( 3 9 ) ( 20 )  ( 1 5 )  ( 2 6 )  ( 1 00) 

S D H 7 1 3  2 0 2 1 7  73 9 1 1 4  

( 4 1 )  ( 76 )  ( 1 2 )  ( 1 2 )  ( 1 00 )  

1 C H 7 1 1  1 2 1 1 5  6 2 5  5 7  
( 4 7 ) ( 7 3 )  ( 7 )  ( 1 3 )  ( 7 )  ( 1 00) 

CONTRE-COUP 1 3  9 4 4 1 0  2 7  5 1 1  2 2 7  

CONTUSIONS ( 4 8 )  ( 3 3 )  ( 1 5 ) ( 1 5 )  ( 3 7 )  ( 1 00) 

COUP 1 4  7 5 4 7 2 3  398 284 
CONTUSIONS ( 6 1  ) ( 30 )  ( 2 2 )  ( 1 8 )  ( 30 )  ( 1 00) 

E D H 1 6  1 4  2 3 7 2 6 795 1 1 4 

( 6 2 )  ( 5 4 )  ( 8 )  ( 1 1  ) ( 2 7 )  ( 1 00 ) 

OTHERS 1 2 l 0 4 7 1 1 4  5 7  

( 1 4 )  ( 2 9 )  ( 1 4 )  ( 5 7 )  ( 1 00) 

---
TOTAL 7 4  80 2 7  2 2  47 1 7 6  4546 1 53 5  

( 42 )  ( 4 5 )  ( 1 5 )  ( 1 3 )  ( 2 7 )  ( 1 00) 

* Ho r t a l i t y  i n d e x  a n d  index of s e v e r e  o u t come i n d i c a t e  t h e  number of f a t a l i t i e s  
and o f  p a t i e n t s  w i t h  a s e v e r e  o u t c orne r e s p e c t i v e l y  f o r  a p o p u l a t i o n  o f  10000 

cases . 

Table 3 Distribution of skull fractures and outcomes 

for each injury type 
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GAR OCCUPANTS 

llELME'J'tm 
TWO-WHEEL RIDERS 

UNHELMETED 

TWO-WHEEL RIDERS 

PEDESTRlANS 

NON-TRAFFlC 

ACCIDENTS 

TOTAL 

Table 4 

Skull 
Fractures 

Number 
(Rate) 

1 6  

( 3 5 )  

7 
( 2 5 )  

20 

( 5 9 )  

1 7  

( 3 9 )  

1 4  

( 5 8 )  

74 

( 4 2 )  

Fatality 

1 6  

( 3 5 )  

1 0  

( 3 6 )  

1 6  

( 4 7 )  

24 

( 5 5 )  

1 4  

( 5 8 )  

80 

( 4 5 )  

Severe Moderate Recovery Total · 

Outcome Outcorue 

1 3  

( 2 8 )  

5 
( 1 8 )  

5 

( 1 5 )  

2 

( 5 )  

2 

( 8 . 5 )  

27 

( 1 5 )  

6 

( 1 3 )  

4 
( 1 4 )  

5 

( 1 5 )  

5 

( 1 1 )  

2 

( 8 . 5 )  

2 2  

( 1 3 )  

1 1  

( 2 4 )  

9 
( 3 2 )  

8 

( 2 3 )  

1 3  
( 2 9 )  

6 

( 2 5 )  

4 7  

( 2 7 )  

46 

( 1 00) 

2 8  
( 1 00) 

3 4  

( 1 0 0 )  

44 

( 1 0 0 )  

2 4  

( 100) 

1 76 

( 1 0 0 )  

Distribution o f  skull fractures and outcomes 

in the five types of accidents 
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DISCUSSION 

Th c above re s u l t s  g i vc an i d e a  of re l a t i onsh i p s  b e t ween type s o f  
i n j u ry , grade s of outc omc a n d  typcs o f  acc i de n t . Some o f  t h e s e  r e s u l t s  n e e d  a 
comment . Hc s i d e s , i n  s p i t c  u f  a n  a t t empt t u  havc an  homoge n e o u s  popu l a t ion , 
some f a c t o rs may have e f f e c t s  i n t r i ca t e d  o r  d i f f e rent depend i ng on t h e  type 
of acc i dent  a n d / o r  t h e  type of i n j u ry . 

1 )  E f f e c t  o f  i n j u r i e s  t o  o t h e r  body s egmen t s  
When c ompa r i ng the  group o f  subj e c t s  w i t h o u t  a ss oc i a t e d  

i nj u r i e s  o f  a l eve l ' A I S  2 w i t h  t h a t  o f  pa t ie n t s  s u s t a i n i n g  inj u r i e s  t o  
o t h e r  body segmen t s  o f  A I S  J o r  4 1 e ve l s  ( see  Tab l e  5 ) , t h e  outcome 
d i s t ri bu t ions a re seen to be about  i den t i c a l . l t  can  be s a i d  t ha t , in o u r  
popu l a t ion , a s soc i a t e d  i nj u r i e s  a rc not  o f  s u c h  a seve r i t y  t h a t  t h ey a r e  a b l e  
t o  re su l t  in  a not i ceab l e  a ggrava t ion o f  h e a d  i n j u r i e s . 

AI S 0 - 1 - 2 AIS 3 - 4 TOTAL 

Fat a l  ity 59 ( 467. )  2 1  ( 4 5"l. ) 80 ( 4 5"l. ) 

Severe outcome 1 9  ( 1 5%) 8 ( 1 7%)  2 7  ( 1 5% )  

Moderate outcome 1 6  ( 1 2% )  6 ( 1 3/. ) 2 2  ( 1 3% )  

Recovery 3 5  ( 2 7% ) 1 2  ( 2 5% )  4 7  ( 2 7"l. ) 

TOTAL 129 ( 100%) 47 ( 100%) 1 76 ( 100%) 
Table 5 : Effect of associated injuries on outcome 

2 )  E f f c c t  o f  age 
When d i v id i n g  subj e c t s  i n  o n l y  2 ou tcome c a t e go r i e s , i . e .  

favou rab l e  ( recovery and mode r a t e  o u t c ome ) and u nfavoura b l e  ( fa t a l i ty and  
severe out come ) ,  t h e  mean age of the  f o rme r is  l owe r than that  o f  t h e  l a t t e r  
( 2 2 . 3  years  v s  2 8 . 7 ) .  

Be s id e s , F i gure 3 gives  t h e  cumu l a t ive d i s t r i b u t ion o f  age 
groups in the who l e  popu l a t ion  and i n  the sub-groups of favoura b l e  a n d  
unf avou rab l e  outcome . 

Th i s  f i gu r e  shows t h a t  under  3 0  yea r s  of  age , t h e r e  a r e  6 7  % o f  
t h e  popu l a t i on , 8 1  % of  t h e  favo u ra b l e  o u t ocme s , and  o n l y  5 8  "l. o f  t h e  
un favourab l e  one s .  

When d i v i d i ng the  who l e  popu l a t i on i n to 2 age groups ( < 3 0  

years  and  >., 3 0  y e a r s ) ,  therc  is  a s ign i f icant  d i f f erence  i n  
( X 2 = 1 0 . 9 3 P ( 0 . 0 2 ) ( see F i gu re 4 ) .  

o u tcome 

We can t h e n  come to t h e  conc l u s ion  t h a t  age i s  a s ign i f i c a n t  
fac t o r .  Howeve r ,  i t s  e f f ec t  i s  n o t  t h e  same f o r  t h e  v a r i o u s  t y p e s  o f  
ac c i dent  wh i l e i t  i s  obv i o u s  f o r  t ra f f i c  a c c i d e n t s ,  i t  i s  n o t  so  f o r  non
t ra f f ic one s .  
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Th i s  d i f  f e rence may be ex p l a i n e d  
i s  f a r  h i ghe r i n  non- t ra f f i c  acc i de n t  c a s e s  
a c c i d e n t s  ( 24 y e a r s ) .  Mo reove r ,  a s  s t a t e d  
d i s t r i but i o n o f  i n j u ry t y p e s  i s  d i f f e re n t  
a c c i de n t s .  

by the f ac t  tha t t h e  mean age . 
( 3 6  y e a  r s )  than i n  t r a f  f i c  

b e f ore ( s ee F i gure 2 ) ,  the 
i n  t h e  group o f  non-t ra f f ic 

3 )  E f f e c t  o f  a sku l l  f r a c t u re 
Whe n  c o n s i d e r ing t h e  popu l a t i o n  a s  a who l e , Tab l e  

t h e re i s  n o  s i gn i f i c a n t  d i f f e rence i n  o u t c ome whether  there i s  
f ra c t u re o r  not . 

6 shows 
a sku 1 1  

Fa t a l ity Severe Moderate Recovery Total 
Outcome Outcome 

SKULL 3 5  9 1 1  1 9  7 4  
FRACTURES ( 4 7% ) ( 1 2'7. )  ( 1 5% )  ( 2 6% ) ( 1 00%) 

NO SKULL 45 1 8  1 1  2 8  1 0 2  
FRACTURE ( 44% ) ( 1 8% )  ( 1 1%)  ( 2 n )  ( 1 00%) 

TOTAL 80 27 22 47 176  
( 451.) ( 151.) ( lJ'X.) ( 271.) ( lOO'X.) 

Table 6 Distribution of outcomes depending on the presence 

or absence of a skull fracture 

On t h e  o t h e r  h an d ,  t h e  e f f e c t  o f  a sku l l  f ra c t u re 
s i gn i f i c an t l y d i f f e r s  f rom one t y p e  o f  acc i de n t  t o  another ( P  < 0 . 02 ) .  From 
F i gure 5 ,  3 groups c a n  be d i f f e r e nc i a t ed : 

>'< non-tra f f ic accidents and accidents invo lving helmeted two-
whee lers the r a t e  of unfavou r a b l e  p r ogno s i s  i s  c l e a r l y  h i gh e r  w i thout  
f ra c t u r e t h a n  w i t h  f ra c t ure 

>'< accidents involving car occupants and pedes t r ians t h e  
p r e s e n c e  o r  a b s e n c e  o f  a s ku l l  f ra c t u r e  d o e s  not s e e m  t o  mod i f y  t h e  o u t c ome 
s u b s t a n t i a l l y 

>'< accidents involving unhe lmeted two-whee lers : t h e  p r e sence o f  
a sku l l  f ra c t u r e  seems t o  worsen t h e  o u t c ome . 

Wh en compa r i ng the e f f e c t  o f  a sku l l  f ra c t u re o n  t he outcome 
f o r  each type o f  i n j u ry , F i gure 6 shows t h e  o u t c ome i s  worse w i t h  a sku l l  
f ra c t u r e  o n l y  f o r  EDH c a se s .  Howeve r ,  t h i s  d i f f e rence i s  not  s i gn i f i c a n t . 

In conc l u s i o n , t h e  occurrence o f  a s ku l l  f ra c t u re h a s  g l o ba l l y 
n o  e f f ec t  o n  t h e  o u t c ome . Howeve r ,  i n  v i ew o f  imp rov i ng our know l e dge o f  
i n j ury mechan i sms , i t  i s  impo r t a n t  t o  n o t e  t h a t  t h i s  conc l u s i on d o e s  n o t  
a p p l y  t o  t y p e s  o f  acc i d e n t  wh en cons i d e r e d  s e p a ra t e l y ,  and i t  may n o t  be t rue 
a l s o in c a s e s  of EDH . 

44 



80 

70 

60 

so 

4 0  

0 

RATE OF  C�FAVOURABLE O UTCOME 

., ' ' ' 
' ' 

' ' 
' ' .� ' / ' j .  •· „ „ „ ' ·' 

· - - - - .  ' ·""' 

• 

· · - - - .  ">""' - - - / '  
... „„ --,t'.. ' 

. - „ ... ' #/ - -... .... ' >' .... • 

NON TRAFFIC ACCIDENT 

„„„, HELMETED 2-WHEELERS 

- · - ·  - UNHELMETED 2-WHEELERS 

- · · · · ···· CAR OCCUPANTS 

--- PEDESTRIANS 

CASES \.JITHOUT 
SKL'LL FRACTURE 

CASES WITH A 
SKULL FRACTURE 

Figure 5 Rate of unfavourable outcome depending on the presence 

of a skull fracture for each type of accident 

45 



RATE OF C�FAVOURABLE OUTCOME 

90 

80 

70 

60 

50 

40 

30 

0 

Figure 6 

...... .... _ __  ..... _ 

CASES \HTHOUT 
SKULL F'RACTURE 

1 .  C .  H .  

_ .!?,.IFFUSE INJURY - - -
-- - - - -- .... . 

co up eo _ _ _ _ _ _ _ _  
NrusroN - - - - - - ... _ 

. -·- - - -· 

CASES WITH A 
SKULL FRACTURE 

Rate of unfavourable outcome depending on the presence 

of a skull fracture for each type of best diagnosis 

46 



4 )  E f f e c t  o f  t h e  a c c i dent type 

4 . 1 - Non-traf f i c  accidents 
F i gu re 2 i n d i c a t e s  t h a t  in non - t ra f f i c acc i d e n t s ,  d i f f u s e  

i n j u r i e s  r e p r e s e n t  8 . 5  '!'. o n l y  o f  a l l  i n j u r i e s  ( v s 3 8 . 5  '!'. i n  t ra f f i c 
a c c i d e n t s ) .  On t h e  c o n t r a r y , a s  compared w i t h  t h e  o t h e r  t y p e s , non-t r a f f i c 
a c c i d e n t s  have t h e  h i gh e s t  r a t e  o f  EDH ( a s  i t  c ou l d  be expe c t e d )  a n d  t h e  
h i gh e s t  r a t e  o f  SDH a s  we l l  ( wh i c h was u n e x p ec t e d ) .  T h e  s t udy o f  c a s e s  t a k e n  
s e p a ra t e l y  s h o w s  t h a t  4 o u t  o f  t h e  7 S D H  re s u l t  f rom a f a l l i n g  down s t a i r s . 
F u r t h e rmore , t h e  p a t i e n t s  s u f f e r i ng f rom SDH a r e  n o t i c e a b l y  o l d e r  t h a n  t h e  
o t h e r s  ( me a n  a g e  : 44 y e a r s  v s  3 6 )  a n d  t h e y  w e r e  o f t e n  f ound t o  be h a b i t u a l 
d r i n k e r s  and / o r  to h a v e  a s u b s t a n t i a l  amount o f  a l c oh o l  i n  t h e i r  b l ood a f t e r  
t h e  a c c i de n t . l t  i s  we l l  known t h a t  b o t h  age a n d  a l c o h o l  a re f a c t o r s  mak i n g  
b l ood ve s s e l s  b r i t t l e ,  wh i c h  may f a c i l i t a t e  t h e  o c c u r r e n c e  o f  a n  hemat oma 
( 3 ) .  A f a l l i ng down s t a i r s  r e s u l t s  i n  a p a r t i c u l a r  k i nema t i c s  wh i c h  gave r i se 
t o  a s ku l l f r a c t u r e  i n  on l y  1 o u t  o f  the 4 c a s e s . 

On t h e  c o n t r a ry , the nume rous EDH f o u n d  i n  non-t r a f f i c  
a c c i de n t s  are r e l a t e d  t o  a h i gh r a t e  o f  sku l 1 f ra c t u re ( 8 9 '!'. ) .  Th i s  i s  
e x p l a i ne d  by t h e  f a c t  t h a t  EDH r e s u l t s  f r om a h e a d  i mp a c t  aga i n s t  a h a r d  
s u r f a c e  i nvo l v i ng impo r t a n t  f o r c e s  ( f a l l s  f rom s c a f f o l d i ngs o r  f rom l a d d e r s  
o n t o  t h e  paveme n t , a s s a u l t  w i t h a n  i ron ba r ,  i n du s t r i a l  a c c i de n t s  i n  wh i c h  
h e a d  i s  impac t e d  b y  a n  h e a vy me t a l l i c o b j e c t  • • • •  ) . 

As a c o nc l u s i o n , b e s ide s i t s  l ow r a t e  o f  d i f f u s e  i n j u r i e s ,  t h e  
g r o u p  o f  non-t r a f f i c  a c c i d e n t s  i s  n o t  homoge n e o u s  i n  s p i t e  o f  t h e  h i gh 
p e r c e n t age o f  EDH ( 3 7 % o f  i n j u r i e s )  a s s o c i a t e d  w i th nume r o u s  sku l l  
f ra c t u re s , t h e  o u t c ome i s  more s e ve re wh e n  t h e r e  i s  no f ra c t u r e  ( s ee F i g u r e  
5 ) .  SDH , i n de e d , wh i c h  p r e s e n t  a l ow r a t e  o f  f ra c t u r e , a r e  m o r e  s e v e r e  t h a n  
EDH ; t h i s  a pp l i e s  t o  t h e  2 c a s e s  o f  I CH a l s o .  

4 . 2  - Car occupants 
As c o mp a r e d  w i t h  the wh o l e popu l a t i o n  o f  t h i s  s t udy , t h e  

f a t a l i t y r a t e  o f  c a r  o c c u pa n t s  i s  g l ob a l l y l ow e r  b u t , on t h e  c o n t r a r y , t h e  
r a t e  o f  seve re o u t c ome i s  a l me s t  t w i c e .  T h e  r a t e  o f  f ra c t u r e  i s  a l s o  a l i t t l e 
l ow e r  t h a n  t h e  a v e r a g e  ( th o u gh the d i f f e r e n c e  i s  n o t  s i g n i f i c a n t ) .  Howeve r ,  
i t  c a n  be s e e n  f rom Ta b l e  7 t h e r e  i s  n o  d i re c t  r e l a t i o n s h i p  b e t we e n  t h e  l ow 
r a t e  o f  mo r t a l i t y  a n d  t h e  l ow r a t e  o f  f ra c t u re s i nce t h e  mo r t a l i t y  r a t e s  o f  
p a t i e n t s  w i t h a n d  w i t h o u t  f ra c t u re a re v e r y  c l o s e . 

Fat a l ity Severe Moderate Recovery Tota l  
outcome outcome 

GASES W I TH A 6 3 2 5 1 6  
SKULL FRACTURE ( 3 7 . 5 )  ( 1 8 . 5 )  ( 1 3 )  ( 3 1 ) ( 1 00 ) 

CA SES W I THOUT 1 0  1 0  4 6 30 
A SKULL FRACTURE ( 3 3 )  ( 3 3 )  ( 1 4 )  ( 2 0 )  ( 1 0 0 )  

TOTAL 1 6  1 3 6 1 1  4 6  
( 3 5 )  ( 2 8 )  ( 1 3 )  ( 2 4 )  ( 1 00 ) 

Table 7 Outcome depending on the presence 

of a skull fracture in car accidents 
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On the  o t h c r  hand , one t h i rd o f  p a t i e n l s  w i t h o u t  f ra c t ure have 
a severe outc ome . I t  h a s  t o  be noted t h a t  69 °/., of  unfavou ra b l e  out come s 
( f a t a l i ty + severe outcome ) o c c u r red wi thout  sku l l  f ra c t u re . I n  4 case s , 
t h e re was a face f ractu re ; i n  5 5  % o f  c a se s , t h e r e  was ne i t h e r  face  f ra c t u re 
nor  sku l l  f ra c t u re a s so c i a t e d  w i t h  an unfavou ra b l e  outcome . I n  be l ted 
occupa n t s  ( 1 6 c a s e s ) ,  the  f ra c t u re rate i s  even l owe r ( 2 5  % f o r  sku l l  a lone , 
3 8  % f o r  sku l 1 + face ) ;rnd unf avou r<ib l e  o u t.comes occurred w i t hout any 
f r a c t u r e  in 64 7. of c a se s .  Th i s  i s  not in agreement w i t h  some data ( 4 )  
i n d i cat i n g  t h a t  i n  mo st c a s e s  o f  c a r  acc iden t s ,  t h e re i s  a l mos t  no fat a l  
i n t ra-c ran i a l  inj u r i e s  i n  the  absence  o f  f r a c t. u re . 

An unexpec t e d  and unexp l a ined resu l t  i s  t h a t  unbe l t e d  
occupa n t s  h a d  a b e s t  o u t c ome t h a n  be l t ed one s .  The samp l e s  a r e  i ndeed sma l l  
( 1 6 be l t e d , 2 5  unbe l t ed and 5 f o r  wh i c h  the  be l t  wea r ing was unrepo r t e d )  
t h i s  fac t ,  t h e re f o r e , wou l d  n o t  have been reported i f  t h e  d i f f e rence h ad not  
been s u b s t a n t i a l  t h e  f a t a l it y  rate  of be l t ed occupa n t s  i s  t. w i c e  t h a t  o f  
unbe l t ed o n e s  ( 56 % v s  2 8  % ) .  Some hypo t h e s e s  may exp l a i n  t h i s  pa radox ica l 
resu l t  : f i r s t , among unbe l t ed occupan t. s , 7 were e j e c t e d  and e j ec t ion i s  
known t o  b e  a n  i mp o r t a n t  cause  o f  f a t a l i t y  and y e t  o n l y  l o u t  o f  t h e  7 d i ed -
the 6 o t h e r s  were c e r t a i n l y  l uc.ky ! Th e second expl ana t ion cou l d  be t h a t  the  
popu l a t ion of  th i s  s t udy on l y  invo l ve s  pa t i en t s  admi t te d  t o  h o sp i ta l and  
maybe mos t  unbe l t ed occupa n t s  d i e  on the  acc i dent s i te o r  before admi s s i o n .  
At l a st , b u t  t h i s  s t udy does not enab l e  t o  check i t , ac.c i de n t  a n d  vehic l e  
charac t e r i s t i c s  shou l d  be p roved t o be comparab l e  f o r  be l t e d  and unbe l t e d  
v i c t ims . Th i s  s t re s s e s  the nec e s s i t y t o  h ave much ! a rge r samp l e s  so  t h a t  
unve r i f i e d  var i a t i on fac t o r s  a re ba l a nce d .  

As concerns i n j ury d i s t r i bu t ion , Tab l e  8 i n d i c a t e s  t h a t  wh i l e  
d i f f u s e  i n j u r i e s  a re the  mo s t  nume rou s ,  they h ave a l ow r a t e  o f  f a t a l it y .  
However , due t o  the i r  numbe r and because t hey a re respons i b l e  f o r  a lmos t  h a l f  
o f  severe out come s , they  have t o  b e  cons idered a s  p r e va i l i n g .  EDH and coup 
con t u s i on s  have the  h i gh e s t  mo r t a  l i ty index but they give l e s s  vege t a t ive 
s t a t e  and d i s a b i l i t i ng seque l ae t h a n  d i f fuse  i n j u r ie s . 

DIFFUSE INJ URY 

S D H 

l C H 

CONTRE-COUP 

CONTU SIONS 

COUP 

CONTUSIONS 

E D H 

OTHERS 

TOTAL 

Table 8 

Number of Fata l i ty Severe Moderate Recovery Total 
skul l outcome outcome 

fractures 

3 6 

4 3 
2 

5 4 3 

4 
0 

16 1 6  1 3  6 

5 1 6  
3 
4 

2 5 

3 1 1  

6 

1 l 46 

Hortality 
index 

(death/10000) 

652 
435 
652 

870 

870 
0 

3479 

( 3 5%) ( 3 5"1.) ( 287. )  ( 1 3%) ( 24%) ( 100%) 

Distribution of injuries and outcomes 

in the car occupant group 
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4 . 3  - Pedes tr ians 
Ped e s t r i a n a c c i d e n t s  a re l e s s  f a t a l  when t h e re is a s ku l l  

f r a c t u re than wh e n  there i s  no t .  They e s s e n t i a l l y  d i f f e r  f rom a c c i d e n t s  
i nv o l v i ng c a r  occupa n t s  ( s e e  Tab l e  9 )  b y  a l ow r a t e  o f  severe  o u t c ome ( 5  % v s  
3 5  % )  j o i n t l y  w i t h  a mu c h  h i gh e r  r a t e  o f  f a t a l i t y ( 5 5 % vs 3 5  °/. ) a s  i f  
p r o t e c t ion a f f o r d e d  t o  c a r  o c c u pant s c h a n gcd a c e r t a i n  numb e r  o f  f a t a l i t i e s  
i n t o  severe  ou t c ome s .  

The i n j u ry d i s t r i b u t i on c l e a r l y  shows t h a t  d i f f u s e  i n j u r i e s  and 
cont re-coup c o n t u s i o n s  preva i l  by t h e i r  numb e r  and t h e i r  mo r t a l i t y a s  we l l  
( bo t h  t o g e t h e r  t h e y  account  f o r  63% o f  f a t a l  c a s e s ) .  On the c o n t rary , EDH and 
coup c o n t u s i o n s  wh i c h a re respon s i b l e  for 50% o f  f a t a l i t i e s  i n  c a r  occ upa n t s  
on l y  account f o r  1 2% i n  pede s t r i a n s . A s  s e e n  i n  § 4 . 1  ( non-t r a f f i c 
a c c i de n t s ) ,  EDH o c c u r  when the h e a d  impa c t s  a h a r d  s u r f a c e  g i v ing r i s e t o  a 
h i gh ra t e  o f  sku l l  f ra c t u r e s  ; t h i s  i s  a l s o t rue f o r  c oup c o n t u s i on s ,  but  t o  
a l ow e r  e x t en t .  The f a c t  t h a t  i n  pede s t r i a n s  t h e  f r a c t u r e  r a t e  i s  n o t  ve ry 
h i gh and t h a t  t h e re are f ew EDH and c o u p  c o n t u s i o n s  l e a d s  to t h ink t h a t  t h e  
p r e va i l i ng i n j ury mec h a n i sm i s  l i ke l y  d u e  t o  t h e  impac t o f  t h e  h e a d  aga i n s t  
t h c  ve h i c l e and n o t  aga i n s t  t h e  hard s u r f a c e  o f  t h e  roa d . Th e numb e r  a n d  t h e  
s e ve r i t y o f  d i f f u s e  i n j u r i e s  a l s o s e e m  t o  i n d i c a t e  t h a t  t h e  ma i n  p o i n t  i n  
t e rms o f  i n j ury me c h a n i sm i n  ped e s t r i a n  acc i de n t s  wou l d  b e  t h e  r o t a t iona l 
c h ange o f  h e a d  k i nema t i c s  du r i ng t h e  h e a d / veh i c l e  impa c t .  

Number of Fata l i ty Severe Hode rate Recovery Total Hortal ity 
sku l l  outcome outcome index 

fractures ( death/ 10000) 

DlffUSE 3 1 0  2 2 4 1 8  2 2 7 3  

lNJURY 

s D H 2 3 0 0 4 682 

l C H 2 0 4 4 5 5  

CONTRE-COUP 5 5 0 2 8 1 1 36 

CONTUSIONS 

COUP 4 0 2 4 2 2 7  

CONTUSlONS 

E D H 2 0 0 3 455 

OTHERS 0 0 2 3 2 2 7  

TOTAL 1 7 24 2 5 1 3  44 5455 

( 39.1. )  ( 5 57. ) ( 5%)  ( 1 1  %) ( 29"1. ) ( 1007.) 

Table 9 Distribution of injuries and outcomes in the pedestrian group 
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4 . 4  - Two-wh e e l er s  
A n  an a l y s i s  o f  the d a t a  c o n c e r n i n g  two-whe e l e r s  was p r e s e n t e d 

a t  I RCOBI Con f e rence l a s t  y e a r  ( 5 ) .  Though , s i nce t h e n ,  t h e  number o f  c a s e s  
h a s  b e e n  i nc re a s ed , t h e  p r e s e n t  re s u l t s  c on f i rm the f o rme r .  Tab l e  1 0  shows 
the ma i n  r e s u l t s in a s y n t he t i c way . 

The c onc l u s  i o n s  wh i. c h  can be d rawn a r e  summar i z e d  i n  the 
f o l l ow i ng way : 

* the l owe r f a t a l i t y  r a t e  i n  he l me t e d  two-whee l e r s , a s  
c ompared t o  unh e l me t ed one s ,  c o n f i rms t h e  p r o t e c t ive e f f e c t  o f  h e l me t . 

'" t h e  p r o t e c t i on a f f o rd e d  by t h e  he l me t  i s  e f f e c t i ve on l y  
aga i n s t  i n j u r i e s  resu l t i n g  f rom the c o n t a c t  phenomenon mec h a n i sm i n  
h e l me t e d  v i c t i ms ,  t h e r e  i s  n o  f a t a l  E D H  a n d  on l y  1 0  ':I. o f  f a t a l i t ie s  a r e  
a s so c i a t e d  t o  a sku l l  f ra c t u re ( c ompared t o  70 % i n  unhe l me t e d  v i c t ims ) .  

* t h e  c o n t a c t  phenomenon me chan i sm wh i c h i s  i nvo l ve d  wh en head 
impa c t s  a n  unpadded s u r f a c e  does not  seem t o  be important  t o  i nduce i n j u r i e s  
s u c h  a s  I C H  and c o n t re-coup cont u s i on s  s i nce t he y  a r e  f a t a l  i n  h e lme t e d  two
wh e e  l e r s  e s s ent i a l  l y  ( i n wh i.ch they account f o r  50 % o f  f a t a  1 c a se s )  and 
w i t h o u t  sku l l  f ra c t u re in 80 % o f  c a s e s .  

5 )  E f f e c t  o f  t h e  i mpa c t  l oc a t ion o n  t h e  head 
Figure 7 shows t h e  ma i n  l o c a t i on s  o f  impa c t s  o n  t h e  head 

a c c o u n t ing for  most cases  ( f rom 7 8  % for c o up c o n t u s i o n s  up t o  9 2  % f o r  EDH ) 
f o r  each type o f  i n j u ry and wh a t e ver t h e  t y p e  o f  a c c i d e n t  i s .  l t  i n d i c a t e s  
t h e  f o l l ow in g  po i n t s  : 

* f o r  2 3  c a s e s , t h e r e  was no e v i dence o f  impac t ne i t h e r  on the 
head n o r  o n  t h e  he l me t .  Mo s t  of these c a s e s  a r e  re l a t e d  to d i f f u s e i n j u r i e s  
a n d  a l s o t o  SDH and I CH .  Two o f  them a r e  re l a t e d  t o  c o n t u s i on s  wh i c h  were 
c o n s i d e r e d  a s  c o n t re-coup c o n t u s i o n s  s i nce t h e r e  was no e v i dence of  imp a c t  
and t h e n  i t  was n o t  po s s i b l e  t o  s t a t e  t hey were c o u p  c o n t u s i o n s . Th i s  me ans 
t h a t  i n t ra - c ra n i a l i n j u r i e s  w i thou t head impa c t  may occur i n  rea l c a s e s  o f  
a c c i d e n t s  and n o t  o n l y  i n  l e s s  rea l i s t i c  c ond i t ions o f  an ima l e x p e r ime n t s  ( 6 )  
( 7 ) .  Among t h e s e  c a s e s , some i mpac t s  may have o c c u r r e d  but they were 
p robab l y  so s o f t  t h a t  they were ove r l o ok e d .  Th e s e  c a s e s  w i t h o u t  e v i dence of 
impac t were not l e s s  severe than t h e  o t h e r s  s i nce 10 out of 2 3  resu l t e d  i n  
f a t a l i t y  ( i . e .  4 3  % ) .  

* f a c e  i mp ac t s  occurred i n  1 8  c a s e s .  S ix t een among them ( i . e .  
8 9  % )  a r e  re l a t e d  t o  e i t h e r  a d i f f u s e  i n j ury o r  a SDH . 

* impa c t s  t o  t h e  f ro n t a l bone a r e  t h e  mo s t  c u r r e n t l y  f ound and 
a re a s soc i a t e d  t o  any type o f  i n t ra-cran i a l  i n j u ry . There a re some 
d i f f e renc e s  howe v e r  depend i ng on the e x a c t  l oc a t i o n  o f  the impa c t  o n  t h i s  
bone : when t h e  imp a c t  i s  an t e r i o r , i t  e s s e n t i a l l y  res u l t s  i n  SDH , c oup 
c o n t u s i o n s  and d i f f u s e  i n j u r i e s  and t h e r e  is a l mo s t  neve r a c o n t re-coup 
c o n t u s i on ,  wh i c h  co n f i rms p r e v i o u s  d a t a  f rom SANO ( 8 )  and f rom OMMAYA ( 9 )  ; 
wh e n  i t  i s  l a t e r a l ,  i t  g i v e s  c o n t r e -coup c o n t u s i o ns , d i f f u s e i n j u r i e s  and EDH 
but a l most  never SDH . 

>'< EDH e s s e n t i a l  l y  o c c u r  when t h e  impact i s  l o c a t e d  a l ong a 
band f rom t h e  f ron t a l  bone t o  t h e  oc c i p i t a l  one inc l u d i ng t h e  t e mp o r a l  bone 
s u r f a c e  wh i. l e  I CH seems to re s u l t  f rom upper l oc a t e d  i mpac t s  i nvo l v i ng the 
p a r i e t a l  bone r a t h e r  t h a n  the t empora l one . 

I n  a dd i t i on t o  t h e  l oc a l i z a t i on o f  t h e  impa c t  z one , i t  wou l d  
be n e c e s s a ry t o  know t h e  d i re c t ion o f  f o r c e s  a t  t h e  i mp a c t  t i me t o  be t t e r  
unde r s t a nd i n j ury mechan i sms . De f i n i t i ve c onc l u s i o n s , t h e r e f ore , 
deduced f rom t h e  above res u l t s .  Howeve r ,  i n  acc i d e n t s  t h e r e  i s  
c e  r t a  i n  degree o f  r o t a  t i ona l mot i on o f  the hcad wh i c h  i s  l ike l y  
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UNHELMETED ( 34 c a s e s )  

DIFFUSE 
INJURY 

s D II 

c II 

CONTRE-COUP 
CONTUSION 

COUP 
CONTUSION 

E D H 

OTHERS 

TOTAL 

WITH SKULL 
FRACTURE 

WITHOUT 

Sku l l  
fracture 

8 

5 

4 
0 

20 

SKULL FRACTURE 

Horta l ity Severe 
index outcome 

index 

1 7 6 5  882 

588 0 
294 0 
294 294 

294 0 

1 1 76 294 
294 0 

4705 1470  

3234  882  

1 4 7 1  588 

H E LMETED ( 2 8  cases ) 

Number Sku l l  Hortal ity 
of f racture index 

injuries 

1 4  1 4 2 9  

2 0 3 5 7  
1 0 7 1  

6 2 7 1 4  

2 2 0 

7 0 
2 0 0 

3 4  7 3 5 7 1  

3 5 7  

3 2 1 4  

Severe 
outcome 

index 

3 5 7  

0 
3 5 7  
3 5 7  

7 1 4  

0 
0 

1 785 

7 1 4  

1 0 7 1  

Number 
of 

injuries 

1 1  

4 
6 

28 

Table 10 : Comparison of skull fractures , mortality index and index 

of severe outcome between helmeted and unhelmeted two-wheelers 
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Figure 7 
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Main zones of impact associated with each type o f  best diagnosis 

? no impact was found 

EB projection of the head center of gravity) 
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impo r t a n t  a s  the i mpac t po i n t i s  morc d i s t a n t  f rom t h e  hcad c e n t e r  o f  
gra v i t y .  I n  t h e s e  c a s c s , a s u b s t a n t i a l  amoun t  o f  e n e rgy i s  d i s s i p a t e d  i n  
mod i f i c a t ion o f  head k i nema t i c s  a n d  n o t  i n  s k u l l d e f o rma t i o n ,  resu l t ing then 
i n  a l ow r a t e  o f  f rac t u r e . Wh en Lhe i mp a c t  po i n t is  c l o s e r  t o  the c e n t e r  o f  
grav i t y  ( i . e .  i n f e r i o r  t empo ra l zonc i n  s i de p r o j e c t i on ) ,  t h e  moment i s  n o t  
s o  h i p,h ( o f  c o u r s e  i f  the f o r c e  vec t o r  i s  rough l y  p e r p e nd i c u l a r  t o  the s ku l l  
s u r f a c e )  a n d  mo s t  o f  t h e  i mp a c t  ene rgy i s  u s e d  t o  d e f o rm t h e  s ku l l  l e a d i ng t o  
a h i gh r a t e  o f  f ra c t u re . 

CONCLUSION 

Th i s  p a p e r  g i v e s  t h e  ma i n  r e s u l t s  of a s t udy of 1 7 6  c a s e s  
i n vo l v i ng v i c t i ms o f  a c c i de n t s  w i t h  a seve r e  i n t ra-cran i a l  i n j u r y  a n d  a 
t. rauma t i c unconsc i ou s n e s s  l a s t i ng mo r e  than 2 4  h o u r s .  The me an age o f  t h e  
popu l a t ion i s  26 y e a r s  w i t h  n o t i c e a b l e  d i f f e re n c e s  d e pe n d i ng o n  t y p e  o f  
a c c i de n t  ( t ra f f i c  c a r  occupan t s , he lme t e d  a n d  u nh e lme t e d  two-wh e e l e r s ,  
p e d e s t r i a n s  ; non- t r a f f i c ) .  As a who l c ,  t h e  f a t a l i t y r a t e  i s  45 % and 1 5  % o f  
v i c t ims have a s e v e r e  o u t c ome . Re s u l t s  show t h e  impo r t a n c e  o f  d i f f u s e  
i n j u r i e s  wh ich a r e  t h e  p r i me c a u s e  o f  f a t a l i t i e s  a n d  o f  severe ou t c ome s 
b e f o r e EDH and SDH . Howe vc r ,  t h e  p reva l e nce o f  d i f f u s e  i n j u r i e s  i s  n o t  t h e  
same f o r  a l l  t y p e s  o f  ac c i d e n t s : wh i l e  they a r e  p re v a l e n t  a t  v a r i o u s  d e g re e s  
i n  t r a f f i c  acc i d e n t s ,  t h e y  a r e  q u i t e unc ommon i n  non- t ra f f i c o ne s .  I n  
p e de s t r i a n a c c i d en t s ,  d i f f u s e  i n j u r i e s  account f o r  4 2  % o f  f a t a l i t i e s  wh i l e  
EDH a n d  c o u p  cont u s i o n s , b o t h  toget h e r , account  f o r  1 2 . 5  % o n l y  ; t h i s  s eems 
to i n d i c a t e  that ped e s t r i a n i n t ra-c r a n i a l i n j u r i e s  r e s u l t  more f rom cha nge s 
i n  h e a d  k i nema t i c s  d u r ing the h e a d / ve h i c l e impac t t h a n  f rom the impa c t  
aga i n s t  t h e  h a r d  s u r f a c e  o f  t h e  road a s  i t  i s  t h e  c a s e  i n  non-t ra f f i c  f a l l s .  

A s ku l l  f ra c t u r e  i s  n o t  a f a c t o r  o f  s e ve r i ty e x c e p t  i n  the c a s e  
o f  EDH and t h e  f a c t  t h a t  t h e  p r e s en c c  o f  a sk u l l  f ra c t u r e  wo r s e n s  t h e  o u t c ome 
in unhe l m e t e d  two-whce l e r s mu s t  be r e l a t e d  to t h e  f re q u e nc y  and t h e  s e ve r i ty 
o f  EDH i n  t h i s  group o f  road u s e r s . 

The d i s t r i bu t i o n  o f  i mp a c t  zone s o n  t h e  h e a d  r e l a t e d  t o  each 
t y p e  o f  i n j u ry a s  we l l  a s  the  r e s pe c t ive rate  of  s ku l l  f ra c t u r e  f o r  each t y p e  
o f  i n j u ry and o f  acc i d ent l ca d  t o  t h ink t h a t  t h e  c o n t ac t phe nomenon r e s u l t i n g  
i n  sk u l l  d e f o rma t i on ( u p  t o  f ra c t u r e )  i s  not  the l e a d i ng mec h a n i sm o f  i n j u r y  
except  f o r  EDH and f o r  c o u p  c o n t u s i o n s . F o r  t h e  o t h e r  k i n d s  o f  i n j u ry , 
c h a ng e s  i n  h e a d  k i nema t i c s  invo l v ing h i gh angu l a r  a c c e l e ra t i o n s , wh i c h  r e s u l t  
i n  t e n s ion and s h e a r  s t re s s e s  w i t h i n  t h e  i n t ra-c r a n i a l  s t ruc t u re s , s eem t o  b e  
t h e  p reva i l i ng mec h a n i sm o f  i n j u ry .  

At l a s t ,  i t  i s  i mp o r t ant t o  n o t e  t h a t  t h e  popu l a t ion o f  t h i s  
s t udy i s  r e p re s e n t a t i v e  o n l y  o f  v i c t ims w i t h  A I S  5 l ev e l i n j u r i e s  admi t t e d  t o  
h o s p i t a l  i n  i n t e n s i ve c a re uni t .  Th i s  me ans t h a t  i t  accoun t s  f o r  1 )  a v e ry 
sma l l  p ropo r t ion o f  a l l  h e a d  i n j u r i e s ,  2 )  a h i gh e r  p r o po r t i o n  o f  f a t a l i t i e s  
f rom h e a d  i n j u r i e s  ( maybe 3 0  % t o  40 % )  a n d  3 )  mo s t  c a s e s  o f  s e v e r e  s e q u e l a e  
f rom h e a d  i n j u r i e s .  I n  f ac t , i t  i s  d i f f i c u l t  t o  a c c u ra t e l y  e s t i ma t e  t h e  
r e p r e s e n t a t i v i t y  o f  t h e  samp l e  b e c a u s e  t h e r e  i s  n o  r e l i a b l e  e p i d em i o l og i c  
d a t a  c o n c e r n i n g  the ra t i o between immed i a t e  and d e l ay e d  f a t a l i t i e s .  F o u r t e e n  
pe r c e n t  o f  o u r  p a t i e n t s  d i e d  mo re than 3 0  d a y s  a f t e r  t h e  a c c i d e n t  a nd i t  c a n  
b e  e x p e c t e d  t h a t  a c e r t a i n  number o f  t h e  v i c t ims w i t h  a s e v e r e  o u tcome ( some 
in a v e ge t a t ive s t a t e )  w i l l  d i e  f rom the i r  h e a d  i n j u r y .  l t  s t a nds to r e a s o n  
t h a t  too s h o r t  a p e r i o d  o f  re f e re n c e  t o  e s t i ma t e  a c c i de n t  mor t a l i t y  l e a d s  t o  
a not i c e a b l e  unde r e s t i ma t i o n ,  b u t  the p rob l e m i s  t o  know how much t h i s  
undere s t ima t i on i s .  
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