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Protecti on cri teri a for the head and neck to be measured on dummi es are 
sti l l  di scussed today on the basi s of cadaver tests ,  boxers and 
vol unteers . 
But the stati sti c al pattern of head and neck i njuries and the r isk  
eval uati on for front bel ted occupants can on ly  be descri bed on  the basi s of  
frontal real -wor l d  acci dent i nvesti gati on . 
The sub-samp l e  sel ected from the APR fi l e  contai ns 959 front occupants 
restrai ned by 3-point retractor bel t  i ncl udi ng 654 dri vers and 305 ri ght 
front passengers . 
The 275 head i njuri es and 1 02 neck i njuri es observed are rel ated to 
v io l ence of i mpact and areas contacted . 
A compl ete medical  descri pti on and i njury mechani sm are provi ded . 

INTRODUCTION 

I n  the field  of road safety, seatbe l t  weari ng i s  the most effecti ve form of 
protection,  great l y  reduc i ng the r isk  of severe and fatal i njuri es ,  and of 
faci al and cran i o -cerebral i njuri es i n  parti c u l ar .  
However, i n  the event of v i o l ent frontal i mpact s ,  seatbe l ts cannot prevent 
front occupants ' head contact and thi s remai ns one of the mai n causes of 
i nj ury ri sk to the bel ted front occupants . 
Vari ous sampl es of restrai ned occupants i n  frontal i mpacts have been 
studi ed . Some authors ( 1 ,  2 , 3 )  have parti c u l arly analysed the frequency of 
fac ia l  i mpacts and of brief unconsci ousness . Other authors ( 4 ,  5 )  have 
studi ed the r i sk of neck i njuri es of A IS  1 l evel wi thout head i mpact . Thi s 
study aims at determi n i n g ,  wi th the maxi mum preci s i o n ,  the frequency and 
gravity of head and neck i njuri es for front seat occupants restrai ned by 
retractor seatbelts i nvol ved i n  frontal i mpacts . 
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1 - DESCRIPTION OF THE SAMPLE 

Si nce 1 970 ,  6 ,  605 cars and thei r 1 2 ,  580 occupants i nvo 1 ved i n  rea 1 wor 1 d 
i mpacts have been analysed by PEUGEOT S . A . /RENAULT mul tidi sci pl i nary 
i nvesti gat i on team . 
For the purpose of thi s study a samp 1 e has been extracted wi th a 1 1  the 
dri vers and ri ght front passengers restrai ned by 3-poi nt retractor be 1 ts 
i nvo l ved i n  s i n g l e  frontal i mpacts . 
l t  contai ns  959 occupants i n  684 cars , 654 dri vers and 305 ri ght front 
passengers . 

I - 1 .  GENERAL CRASH COND ITIONS FOR THE SAMPLE CARS 

The 684 cars have impacted others cars i n  77 % of case s ,  fi xed obstac l es i n  
1 3  % and trucks i n  1 0  % .  
The def ormati ons observed on the front end of cars are si mi 1 ar to those 
obta1 ned i n  tests agai nst a 30° barri er ( or offset i mpacts with an overl ap 
of ha lf  vehi c l e )  for 49 . 8  % of the c ases and to those obtai ned i n  offset 
i mpacts with an overl ap of one third to a quarter i n  28 . 8  % .  
An equi val ent test procedure of di stri buted 0°  barri er covers 1 9 . 4  % and a 
centered po l e  test 1 . 9 % of cases . 
The v io l ence of impact s ,  i n  terms of speed vari at i on ( de l ta-V ) and mean 
accelerat1 on (1t) has been calcul ated for 537 c ars . 
For 38 % of them del ta-V i s  hi gher than 35 kph ,  and for 9 . 7  % hi gher than 
55 kph . Mean accelerat i on i s  hi gher than 1 2  g i n  7 . 8  % of cases . 

I - 2 .  GENERAL CRASH COND ITIONS FOR OCCUPANTS 

The pri nci pal di rect i on of forces i s  at 1 2  o ' cl ock for 81 . 4  % of al l the 
front occupants . 
The i mpact vi o l ences ( de l ta-V and a) are qui te s imi l ar for dri vers and R . F .  
passengers ( tab l e  1 ) .  
The overal l severity i s  eval uated by usi ng M . A I S  accord ing  to A IS  80 scale 
( 6 ) . For the 959 front occupants , there are 82 severely  i njured and 
28 ki l l ed ( tab l e  2 ) .  
For dri ver s ,  mortal i ty rate i s  of 3 . 2  and gravi ty rate of 1 1  . 0 .  The 
correspond ing  val ues for R . F .  passengers are respect i vely  2 . 3  and 1 2 . 5 .  
The severity of i njuri es by body regi on ( A I S )  i s  known for 634 dri vers and 
299 R . F .  passengers ( table 3 ) .  
1 4  % of dri vers and 1 0  % of R . F .  passengers sustai ned i njuries of A IS � 2 
1 eve1 , to the head . These frequenci es are 1 esser for the neck i njuri e s ,  
0 . 6  % for the drivers , and 2 %  for the passengers . 
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TABLE 1 DISTRIBUTION OF DELTA-V AND MEAN ACCELERATION 
FOR FRONT OCCUPANTS IN THE SAMPLE 

Delta-V ( Kph } 

� 1 5  1 6-25 26-35 36-45 46-55 56-65 )65 --

N 1 4  1 56 1 52 95 47 36 1 4  
Dri vers 

% 2 . 7  30 . 4  29. 6  1 8 . 5  9 . 1  7 . 0  2 . 7  

N 7 72 71 47 28 1 9  7 
R.F.  
Passengers 

% 2.8 28. 7  28. 3  1 8 . 6  1 1 . 2 7 . 6  2 . 8  

Mean accel eration ( g }  

� 4  5 - 8 9 - 1 2  1 3  - 1 6  ) 1 6  TOTAL 

N 94 259 1 22 33 6 514  
Dri vers 

% 1 8 . 3  50. 4  23. 7  6 . 4  1 . 2 1 00 

N 41 1 27 64 1 5  4 251 
R . F .  
Passengers 

% 1 6 . 3  50. 6  25 . 5  6 . 0  1 . 6 1 00 

TABLE 2 DISTRIBUTION OF FRONT SEAT OCCUPANTS BY INJURY 
SEVERITY CM.AIS}  

M.AIS 

0 1 2 3 4 5 FATAL TOTAL - - - - - -

N 264 205 1 1 3  46 4 1 21 654 
DRIVERS 

% 40 . 4  31 . 3  1 7 . 3  7 . 0  0 . 6  0 . 2  3 . 2  1 00 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

N 1 07 1 1 7  43 21 9 1 7 305 
R.F.  
Passengers 

% 35. 1 38. 4  1 4 .  1 6 . 9  3 . 0  0 . 3  2 . 2  1 00 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

N 371 322 1 56 67 1 3  2 28 959 
TOTAL ' ! 

% 38. 7  49 . 8  8 . 6  2 . 9  1 00 
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I I  - HEAD INJURIES 

I I  1 .  ANATOMI CAL DEF I N ITIONS 

We used the fol l owi ng defi n i t i ons  

- Cran i um : 

- Frontal , temporal , parietal and occi pital bones . 
- Soft ti ssues i n  regard to these bones , i . e which are s ituated above 

an hori zonta 1 1 i ne runni ng just above the eyebrows ,  i nc 1 udi ng the 
forehead . 

- Brai n : 

- Brai n stem, cerebel l um, cerebrum. 

- Face : 

- Ethmoid , sphenoid , nose , mand i b l e ,  maxi l l a ,  orbi t ,  zygoma, hard 
pal ate , temporo-mandi bul ar jo int . 

- Soft ti ssues si tuated under the hori zontal l i ne previous ly  defi ned 
( i nc l uding  eyebrows ) ,  mouth and teeths . 

I I  - 2 .  FREQUENCY AND SEVERITY OF HEAD INJUR IES  

F i rstly,  67  % of dri vers and 79 % of R . F .  passengers do not have any i njury 
to the head ( tabl e  3 ) .  
Cons1deri ng the i njuries of A I S  � 2,  the head is  the most frequent l y  
i njured o f  al l body regi ons for dri vers and for R . F .  passengers .  
For the i njuri es of AIS ;::i:, 3 l evel the head i s  i n  the second rank order for 
dri vers,  and· i n  the th1 rd for R.F. passengers . 

I I  - 3 .  LOCATION OF HEAD I NJUR IES  

Brai n i njuries of A IS� 2 are the most frequent for the dri vers ( 1 0 . 6  % )  
and the R.F. passengers (9. 0 % ) .  
Severe brai n i njuri es ( A I S � 3 )  are four ti mes more frequent for dri vers 
than for passengers .  
Faci a l  i njuri es ( A I S  � 2 and a l so A I S  � 3 )  are di sti nct l y  more 
frequent than cran i al i nj uri es . 
One wi l l  see l ater ( i n  chapter I I  - 6 . )  that brai n i njuri es are general l y  
associ ated to fac i al i nj uri es and consecut i ve t o  a purely faci al i mpact for 
the dri vers , and associ ated to crani al i njuri es by purely cran i a l  i mpact 
for the R . F .  passengers . 
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TADLE 3 : DISTRIBUTION OF AIS BY BODY REGION 
IN THE SAMPLE 

A - DRIVERS 
AIS 

0 l 2 3 4 5 TOTAL - - - - - - --

HEAD 422 1 23 74 1 4  l 634 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

OF* SKULL 532 98 4 634 
WH ICH DRAIN 567 - 59 7 l 634 

FACE 492 1 10 24 8 634 

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

NECK 571 59 2 l l 634 
CHEST 472 1 36 23 2 l 634 
UPPER MEMBERS 519  78 26 1 1  634 
D . L .  SPINE 607 21 6 634 
PELVIS 600 23 5 6 634 
ABDOMEN 603 22 3 3 2 l 634 
LOWER MEMBERS 450 1 1 9  39 26 634 

B - R.F.  PASSENGERS 
AIS 

0 l 2 3 4 5 TOTAL - - - - - - --

HEAD 236 33 23 7 299 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
OF* SKULL 256 41 2 299 
WH ICH DRAIN 272 26 l 299 

FACE 273 1 9  3 4 299 

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

NECK 260 33 4 2 299 
CHEST 1 78 95 1 6  4 6 299 
UPPER MEMBERS 234 41 1 7  7 299 
D . L .  SPINE 276 1 6  5 2 299 
PELVIS 283 1 3  3 299 
ABDOMEN 273 1 4  l 4 5 2 299 
LOWER MEMBERS 223 59 1 1  6 299 

* I NJURIES AT SKULL , DRAIN AND FACE CAN BE ASSOCIED 
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I I  - 4 .  HEAD I NJURIES . AND SPEED VARIATION ( DELTA-V ) ( tabl e  4 )  

For impacts wi t h  delta-V be l ow 5 6  kph ( 92 % o f  dri vers and 91  % o f  R . F .  
passengers ) ,  about one th1 rd ( 29 % ) of dri vers sustai ned a head contact 
resu lt ing  i n  an i njury of AIS � l .  Head contact wi th AIS� 2 i njuries are 
observed i n  1 0  % of the case s .  For the R . F .  passengers,  there i s  head 
contact in 1 6  % of cases (A IS � l )  and a contact res u l t i ng i n  an i njury of 
A I S �  2 i n  6 % .  
For impacts wi th delta-V hi gher than 5 5  kph ( 8  % of dri vers and 9 % of 
passengers ) ,  head contacts are d1 st1 nctly more frequent and the severity of 
res u l t i ng i njuri es i s  hi gher . 
So 90 % of dri vers sustai ned a head i mpact , associ ated with A IS� 2 
i nj uri es i n  63 % of cases . 
For R . F .  passengers these frequencies  are a l i tt l e  l ower : head i mpacts i n  
65 % and contact with i njuries of AIS � 2 for 52 % of c ases . 
Cons ideri ng al l the front occupants wi th a head i njury of AIS � l ( N  = 223 ) 
one can say that only 2 of them suffer from a s i n g l e  brai n i njury wi thout 
head contact ,  these are AIS  2 i njuries for two R . F .  passengers . 

I I  - 5 .  AREAS CONTACTED BY THE HEAD (table  5 )  

67 % of dri vers do not contact anythi ng , nei ther do they sustai n any 
1 es i ons.  When a contact occurs and when the area can be i denti f i ed the 
steeri ng wheel i s  struck i n  the majori ty of c ases , 87 % for al l l esi ons and 
67 % for the AIS �  3 i njuries .  
l t  i s often di  ffi cu lt  to  determi ne  with accuracy the steeri ng whee 1 zone 
i mpacted by the head . General l y speak i n g ,  the steering wheel ' s  agres si ve 
zone i s  l i mi ted to the areas i mmedi ately  surroundi ng the hub.  The structure 
of the rim,  the nature of the joi nt between r im  and spoke and the pos i ti on 
of the spokes can al so i nf l uence the severi ty of head/steering  whee l 
i mpact . 
For R . F .  passengers there i s  no contact or l es i on i n  79 % of c ases . Out of 
all ident1f1 ed contact areas ,  the fac1 a came distinctly at the top of the 
l i st wi th 78 % of al l i njuries and �of AIS� 3 i njuri es .  
Two passengers suffer from a mi nor brai n l e s i on ( unconsci ousness < 1 5 ' ) 
wi thout i ndi cation of head or neck contact . For the fi rst one , among other 
i nJuri es ,  he susta1 ns a fla1 1 ehest whi c h  cou l d  be the c ause of 
unconsci ousnes s .  For the other one , an i mpact head agai nst head wi th a 
rear passenger cannot be excl uded . 

I I  - 6 .  IMPACT S I TES ON HEAD , AND TYPOLOGY OF I NJUR IES  

I n  thi s chapter , one di vi des the i mpact sites on  the head i nto three 
c ategories,  accordi ng to our anatomi cal  defi n it i ons . Cran ia l  when only the 
cran i um was i mpacted , fac i a l  when only the face was impacted and cran i o ­
fac1  al when bot h . areas are i mpacted. 

A - For the dri vers ( tabl e  6 - A ) , consi deri ng al l severity of i njuri e s ,  
the fac1 al i mpacts are the more frequent ( 5 1 . 9  % ) .  
They produce soft ti ssue i njuries assoc i ated , or not , wi th faci a l  bone 
fracture s ,  and brai n l es i ons . 
The crani a 1 i mpacts observed i n  33 % of cases produced soft ti ssue  
i njuries ,  w1th, or wi thout , brai n l es i on s ,  but without cran i um 
fracture . 
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TADLE 4 : FREQUENCY AND SEVERITY OF HEAD INJURIES BY 
SEATING POSITION, HEAD CONTACT AND 

SPEED VARIATION CA V )  

A - DRIVERS 

DELTA - V ( Kph ) 

� 25 26-35 36-45 46-55 56-65 > 65 TOTAL 
--

AIS HEAD 

WITHOUT HEAD 

CONTACT 

AIS 0 1 59 1 1 8 40 1 0  4 0 331 
WITH HEAD 

CONTACT 

AIS 0 1 l 2 
Ai S 1 8 30 29 22 9 1 99 
AIS 2 3 4 24 1 2  1 3  5 61 
AIS 3 l 2 5 2 1 0  
AIS 4 
AIS 5 1 l 
TOTAL 1 1  34 55 36 29 8 1 73 

B - R . F .  PASSENGERS 

DELTA - V ( Kph ) 

.::s 25 26-35 36-45 46-55 56-65 ) 65 TOTAL 
-- --

AIS HEAD 

W ITHOUT HEAD 

CONTACT 

AIS 0 75 62 38 1 2  7 1 1 95 
AIS 2 1 1 2 
TOTAL 76 62 38 1 3  7 1 1 97 

WITH HEAD 

CONTACT 

AIS 0 0 
AIS 1 3 7 4 8 3 25 
AIS 2 2 3 5 6 3 1 9  
AIS 3 1 1 2 1 5 
AIS 4 0 
AIS 5 0 
TOTAL 3 9 8 1 4  1 1  4 49 
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TABLE 5 : AREAS CONTACTED BY HEAD ACCORDING TO SEATI NG 
POSITION AND INJURY SEVERITY 

A - DRIVERS ( N  = 634) 

AIS HEAD 

0 1 2 3 4 5 TOTAL % 
STEERING 

- - - - - - -

WHEEL 3 83 54 9 0 1 *  1 50 87 . 2  
FACIA 0 3 4 2 0 0 9 5 . 2  
WINDSHIELD/ 
GLASSING - 0 1 3 1 0 0 5 2 . 9  
WINDSHIELD 
MOLD ING 0 1 1 0 0 0 2 1 . 2 
EXTERIOR 
OBJECTS 0 0 0 2 0 0 2 1 . 2 
OTHERS 0 3 1 0 0 0 4 2 . 3  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

UNKNOWN 0 32 1 1  0 0 0 43 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

NO HEAD 
CONTACT 419 0 0 0 0 0 419  

TOTAL 422 1 23 74 1 4  0 l 634 

( *  NO FATAL I NJURY ) 

8 - R . F .  PASSENGERS ( N  = 299 ) 

AIS HEAD 

0 1 2 3 4 5 TOTAL % 
- - - - - - -

FACIA 0 7 1 0  4 0 0 21 77 . 8  
WINDSHIELD 
MOLD ING 0 0 0 2 0 0 2 7 . 4  
WINDSHIELD/ 
GLASSING 0 2 0 0 0 0 2 7.4  
EXTERIOR 
OBJECTS 0 1 0 0 0 0 1 3 . 7  
OTHERS 0 1 0 0 0 0 l 3 . 7  

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

UNKNOWN 0 22 1 1  1 0 0 34 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

NO HEAD 
CONTACT 236 0 2 0 0 0 238 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

TOTAL 236 33 23 7 0 0 299 
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1·he cran i o  fac i al associ at ion i s  found i n  only 1 5 . 1  % of case s .  
Consider 1 ng only th e  A I S �  2 l esi ons the s ame order i s  observed , faci al 
i mpacts ( 58 . 4  % }  then crani al ( 22 . 5  % )  and cran i o  faci a l  ( 1 9 . 1  % }  ( see 
table 6 - B } .  
There are 52 cases of AI S � 2  by faci al i mpacts , i n  50 % of these cases 
there are frac

.
tures of faci al bones of A I S � 2 (with or wi thout brai n 

i njuries } ,  and i n  65 . 5  % there are brai n i njuries (with or wi thout bone 
fractures of AIS � 2 ) .  Al most a l l the A I S ;?::. 2 of cran i al impacts are 
due to brai n i njuries ( 1 9  out of 20 ) .  
When the i mpact i s  crani o-faci al , the majori ty of AIS ;:::_ 2 l esi ons are 
brai n i njuries ( 1 4  out of 1 7 ) .  
On ly  one dri ver sustai ns  a crani um bone fracture ( si mp le  fracture of 
temporal : A I S  2 )  agai nst 35 who suffer fractures of one or more faci a l  
bones . 4 are s ing le  nose fractures of A IS  1 .  The 31 other ones are 
nasal fractures of A I S  2 ,  s imp l es or compl ex fractures of mandi b l e ,  
maxi l l a ,  orbit  or zygoma of A I S  2-3 .  

B - For the R . F .  passengers ( tabl e  7-A } consi deri ng al l severity of 
l nJuries one see that crani al i mpacts are the most frequent ( 57 . 4  % )  
they induce i n  most cases soft t1 ssue injuri e s ,  associ ated o r  not , wi th 
brai n i nj uri e s .  F aci al i mpacts account for 29 . 5  % of c ases and cran i o  
faci al ones for 13. 1 1. 
The same order i s  found for i njuri es of A I S � 2 ( tab l e  7 - B } . 
F i rstly , crani a l  · i mpacts for 46 . 7  % ,  then faci al ones for 36 . 7  % and 
cran io  faci al for 1 0  % .  
Two cases ( 6 .  7 % } of brai n i njuri es wi thout head contact are observed 
( A I S  2 ) .  
When crani a l i mpacts occurred the A I S � 2 i njuri es are i n  most cases 
brai n l esi ons ( 1 3  out of 1 4 ) . 
For fac i a l  impacts the most frequent i njuri es of A IS � 2 are brai n 
l esi ons ( 9  out of 1 1 ) and faci al bone fractures ( 6  out of 1 1 ) .  
Two passengers sustai ned cran i um bone fractures ( d i s p l aced frontal bone 
fractures of A IS  3 )  agai nst 8 who are suffer i ng from fractures of one 
or more faci al bones . One case of simple  nasal fracture (A IS  l }  and 
7 cases of s imp le  or comp lex hone fractures of A IS  2-3 . 
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TABLE 6 : IMPACT S ITES ON HE.AD AND TYPOLOGY OF 
INJURIES FOR DRIVERS 

A - ALL SEVERITIES (AIS) l )  

INJURIES TYPOLOGY 

IMPACT SITES SOFT 
TISSUE 

SOFT TISSUE 
+ BOh'l; 

SOFT ·TISSUE 
+ BR.Am 

SOFT TISSUE 
+ BOh'E 

TOT.AL 

+ BRAIN 

CRANI.AL 
FACIAL 

CRAN IO-FAC I.AL 

5 1  
56 

l.5 

122 

20 
3 

23 

19 
25 
1 0  

54 

9 
4 

13 

B - MODERATE Ah'D SEVERE INJURIES (AIS ),, 2 )  

INJURIES TYPOLOGY 

IMPACT S ITES 

CRANI.AL 
FACI.AL 

CRANIO-FACI.AL 

SOFT 
TISSUE 

1 

1 
CcraniU:m) 

2 

BOh"E BRAIN 

19( 2 )  
1 8  25( 1 )  

2 9( 2 )  (f  ace )  

20 53 

(x) of which AIS BRAIN )1 3 

BOh'E 
+ BRAIN 

SOFT TISSUE 
+ BRAIN 

8( 1 )  1 
l 4 ( 2 )  . 

( 3  faces )  CcraniU111 ) 
( 1 craniwn) 

1 2  2 

3 1 0  

70 
llO 

32 

212 

SOFT TISSUE TOT.AL 
+ BOKE 

+ BRAIN 

20 
52 
1 7  
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TABLE 7 :  L).fi>ACT srn:s ON HEAD Ah1> TYPOLOGY OF 

INJURIES FOR R . F .  PASSENGERS 

A - ALL SEVERITIES ( AI S  �l) 
INJURIES TYPOLOGY 

Ll{? ACT S ITES SOFT SOFT TISSUE SOFT TISSUE 

TISSUE + BONE + BRAIN 

CRANI.AL 21 13 
FACI.AL 7 2 5 

CRJJ\10-FAClA.L 4 2 2 

32 4 20 

B - HODERATE AND SEVERE INJURIES ( AI S � 2 )  

INJURIES TYPOLOGY 

SOFT TISSUE TOTAL 

+ BOl'<'E 

+ BRAIN 

1 35 
4 1 8  

8 

5 61 

IH?ACT SITES SOFT BONE BR.AIN BONE SOFT TISSu'E SOFT TISSU'E TOTAL 

TISSUE + BRAIN + BRAIN + BOh"E 

+ BRAIN 

CRANI.A.L 13 1 14 
FAClA.L 2 5 ( 1 )  4 11 

CRANIO-FAClA.L 1 2 3 
(er an i um +f ace) 

3 20 4 1 28 

( x )  of "'hich AIS BRAIN � 3 

NOTA : 2 CASES OF BRAIN INJURY OF A I S  2 WITBOUT Hr.A.D IMPACT. 
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I I I  - NECK I NJURIES 

The fi rst thi ng that needs to be sai d i s that the neck i s more rare ly and 
l ess severely  i njured than other body regi ons . As seen i n  tabte 5, the neck 
i s  ranked as 8th, and i n  l ast posi t i on ,  i n  frequency of AI S �  2 i njuri es 
for dri vers ,  and i n  7th pos i t i on for the R . F .  passengers . 
For severe i njuri es ( AI S �  3 ) ,  the neck i s occupyi ng the 7th and next to 
l ast pos i t i on for both dri vers and passengers .  

I I I  - 1 .  FREQUENCY AND SEVER I TY OF NECK I NJUR IES 

90 % of dri vers and 87 . % of R . F .  passen ers di d not sustai n any l es i on to 
e nec a e . en an r nJ ury occurs i l s i n  mos cases an , i n  

94 % of cases for dri vers and 85 % for passengers . 
So , the study of i nj ury mechan i sms i s  di ff i c u l t  due to the scarc i ty of 
severe l es i ons  and to the i mpreci s ion i n  medi cal  descri pti ons of mi nor 
one s ,  which are mostly descri bes as " ache or  contusion"  wi thout radi o l ogi ­
cal si gn . 

I I I  - 2 .  NECK I NJURIES MECHAN I SMS 

Neck i nj uries can be produced by : 
a )  A head contact agai nst a veh i c 1 e i nteri or component or an exteri or 

object 
b )  an overl oad by unrestrai ned rear occupant 
c )  by restrai nt system 
The i nf l uence of overl oadi ng by rear seat occupants upon severity of neck 
i njuries i s  di ffi cult to apprec 1 ate . Nevertheless when a rear occupant h its  
the back of the front seat there i s  an actual possi bi l i ty of di rect contact 
head/head or head/neck , even i f  no l es i on i s  observed to the head 
( occi pi ta l  are a )  of the front seat bel ted occupant . 

I I I  - 3 .  FREQUENCY AND SEVERITY OF NECK I NJURIES ACCORO I NG TO HEAD CONTACTS 
(fable 8) 

Among the dri vers who da not sustai n any i njury to the head , 9 .  7 % suff er 
from a neck i nj ury of A IS ;;:::. 1 and 0 . 2  % of A I S �  2 .  These frequencies are 
hi gher for R . F .  passengers respecti vely 1 2 . 3  and 0 . 8  % .  
For cases where a .head i njury of A IS � 1 i s  found ( i nc l ud ing cases 
descri bed on l y  as "head concussion"  wi thout any l ocation s ign and for wh ich  
the possi bi l i ty of a head contact , if  not probab l e ,  cannot be qu ite 
exc 1 uded ) ,  the frequency of neck i njuri es i s hi  gher for dri vers , just as 
for passengers . 
1 0 . 4  % of dri vers and 1 5 . 9  % of passengers have sustai ned a neck i njury of 
any severity .  In these cond i t i on s ,  frequencies of cervical  spi ne fractures 
( A I S �  2 )  are 1 . 4 % for dri vers and 6 . 3  % for passengers . 
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I I I  - 4 .  MECHANI SMS OF MODERATE AND SEVERE NECK INJURIES  

A - For  dri vers , there are 4 cases ( 0 . 6  % of  al l dri ver s )  of cervica l  spi ne 
fractures . 
I n  one case of AIS  4 ( fracture of vertebral body of C2 , C3 , C4 wi th 
cord contus i on ) the i njury i s  c l ear ly  due to head contact . I n  another 
c ase ( fracture of vertebral body of C2 - AIS  3 )  there i s  no head 
contact and i njury can be attri buated to restrai nt by bel t .  For the 
l ast two cases of neck i njuri es ( fractures of spi nous or transverse 
process - AIS  2 )  the rnedi c a  1 fi l es contai n 1 1head concussi on"  but the 
evi dence of a head contact i s not we 1 1  estab l i shed and one of these 
dri vers sustai ns al so an over l o ad by a rear passenger .  

B - For R . F .  passengers , there are 6 c ases of  cervica l  spi ne fractures ( 2  % 
of all passengers). 
For 2 of thern, there i s no head contact nor head i njury ,  and one neck 
i nj ury (fracture of C7 process - A IS  2 )  i s  probably due to restrai nt by 
bel t ,  for the other one ( d i sp l aced fracture of vertebral body of C2  -
A I S  3 )  the overl oad by rear passenger cannot be excl uded . 
Four cases are associ ated wi th head i njuri e s .  One A I S  2 ( fracture of 
CS ) and one A IS  3 (fracture di s l ocat i on of C6,  C7 with trans i ent 
neuro l ogical  s igns )  are consecuti ve to a head contact . 

For the 1 ast 2 cases ( a fracture of C7 and a fracture of C2 - A IS  2 )  
the only i ndicati on of head contact i s ,  agai n ,  11head concu ssi on1 1  with 
no l ocal i zat i on ,  so  head contact is  possi b l e  but not certai n ,  and for 
one case there i s  an overl oad by a rear passenger . 

I I I  - 5 .  NECK I NJUR IES . ACCORD I NG TO SEX ( Tabl e . 9 )  

l t  seerns that sex of occupants has a great i nf l uence o n  the probabi l i ty of 
neck i njuri es .  
The  hi gher frequency of  A I S �  1 neck i njuri es observed for R . F .  passengers 
( 1 3  % agai nst 10 % for dri vers ) c an be l i nked to the fact that 66 % of thern 
are warnen for only 1 9  % arnong driver s .  lt  i s  wel l -known that warnen neck 
rnorpho 1 ogy , bei ng . weaker than rnen 1 s ,  f aci 1 i te occurence of i nj uri es , i n  
rear i rnpacts for exarnp l e .  I n  fact ,  consi der i ng the front seat occupants as 
a who 1 e, one see 1 s that head contact ( and l esi ons ) frequency i s the sarne 
( about 30 % )  for rnen as for warnen ; but for warnen the r isk  of neck i njuri es 
i s  twi ce ,  with or wi thout head contact . 

Of course other pararneters c an i nterfer ,  sorne of thern rnay be di rect ly  
l i nked to  sex as  hei ght , but the l ack of  exhausti ve rnedi cal  i nforrnat i on for 
mi nor lesi ons and the smal l number of severe i njuries rnake further ana lysi s 
di ffi cu l t .  
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TADLE 9 .  FREQUENCY OF NECK INJURIES FOR FRONT SEAT OCCUPANTS 
ACCORDING TO SEX AND HEAD CONTACT 

FRONT SEAT FREQUENCY OF FREQUENCY OF 

OCCUPANTS AIS NECK = l AIS NECK > l  

AIS HEAD = 0 

- MALES ( N  = 424) 7 , 8  % 0,2 % 
- FEMALES ( N  = 218)  15,6 % 0,9 % 

AIS HEAD �l 

- MALES (N = 1 82 )  6 , 6  % 1 ,6 % 
- FEMALES ( N  = 93) 14,0  % 4,3 % 

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

ALL CASES 

- MALES ( N  = 606 ) 7,4  % 0,7 % 
- FEMALES ( N  = 31 1 )  1 5 , l  % 1 , 9 % 

3 1 5  



CONCLUSIONS 

634 dri vers and 299 front seat passengers , restrai ned by retractor 
seatbel t s ,  who were i nvol ved i n  s i n g l e  frontal i mpacts have been 
anal ysed i n  order to descri be c l ear ly  frequency , gravi ty , k i nd and 
ori g i n  of head and neck i nj uri es .  

The resu l ts of  thi s study l ead to  the  fol l owi ng conc l us ions  : 

1 .  Concerni ng the head 

- 67 % of the dri vers and 79 % of the front seat passengers were 
shown to have i ncurred no head i nj ury , 

- among i njured peopl e ,  respectively 43 % of the dri vers and 67 % of 
the front seat passengers d id  not sustai n a head i njury , 

- brai n i njuri es i n  the absence of di rect head contact are speci a l l y  
few, ( l ess than l % ) ,  

- more than a hal f of head i njuries are on l y  s l i ght i njuries of A I S  l 
( dri vers : 58 % ; front seat passengers : 52 % ) ,  

- i njuries resu l ti ng from faci al i mpact al one are the most frequent 
form of i njury for the dri vers , whereas contact with cran i um a l one 
accounts for the majority of cases for the front seat passengers , 

- among l 00 f aci a l i njuri es to the dri vers ,  i njuri es of the soft 
ti ssues a l one occurred i n  74 % of c ases , i njuri es of the soft 
ti ssues with bone fracture ( s )  of the face i n  26 % of c ases , 

- 1 4  % of the dri vers and 1 0  % of the front seat passengers i ncurred 
head i njuri es of AIS  � 2 .  The frequency of head i njuri es of 
sever i ty AIS � 3 i s  2 . 3  % ,  both dri vers and front seat passenger s ,  

- among the dri vers ,  h a l f  of brai n i njur i es are associ ated wi th 
faci a l  impact alone.  Thi s proport i on i s  only 33 % for front seat 
passengers ,  

- most of the 1 1 9  front occupants who sustai ned head i njuri es of 
AIS ;;a:: 2 present brai n i njuri es ( 79 % of cases ) ,  fol l owed by faci a l  
bone fractures of  AIS  � 2 ( 32 % ) .  Losses of  consci ousness 
.:::> 1 5  mi nutes ( 7 . 6  %) and sku l l  fractures ( 2 . 5  %) are rare, 

- under 56 kph of del ta V, the proporti on ( % )  of c ases of severe head 
i njuri es ( A I S �  3 )  i s  0 . 6  % for the dri vers and 0 . 9  % for the front 
seat passengers , agai nst respecti ve l y  1 9 . 5  % and 1 3  % i n  more 
severe col l i si on s ,  

- the steering  wheel for the dri ver and the fac i a  for the front seat 
passenger are, i n  two thi rds of case s ,  the cause of AIS � 3 head 
i njuri es , 

- seri ous head i njuries (A IS � 3 ) ,  by compari son wi th other body 
zone , are ranked 2nd for the dri vers and 3rd for the front seat 
passengers . 
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2 .  Concerni ng the neck 

- nearl y  90 % of front occupants don ' t  i ncur neck i njuri e s ,  
- nearly 90 % o f  neck i njuri es are only s l i ght i njuri es of A I S  l .  The 

frequency of these i njuries i s  about the same wi th or wi thout head 
contact , but the r i sk  i s  twi ce among warnen by compari son with men , 

- 7 out of 1 0  c ases of cervi ca l fractures are associ ated with head 
i njury after a di rect head i mpact .  The overl oadi ng by unbel ted rear 
seat passenger cou l d  contri bute to c ause cervi cal fractures i n  3 of 
the 1 0  cases ( probably  by head to head contact ) .  
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