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A tota l o f  5 8  9 0 -degrees car to c a r  l a teral co l l i s i o n s  wa s 
pe r f ormed . The imp ac t  veloc i ty o f  the s t r i k i ng veh i c l e  
amou n ted 4 0 , 4 5 , 5 0  and 6 0  km/ h , o f  the s t ruck veh i cl e  
0 km/h . Pos t -ma r tern huma n s u b j e c ts ( PMHS ) i n  the ag e r a nge 
of 1 9  to 6 5  years we re u s ed a s  tes t s ub j e c ts . The c a s e  o f  
the r e s tra i ned near - s i de oc cupan t wa s s i mula ted . The 
accelera t i o n  i ns trumenta t i o n  i nc l uded the 1 2 -ac ce l erometer 
ar ray and head tempor a l  l e f t  and r ig h t ; the co l l i s i o n  p ha s e  
wa s docume n ted w i th h i g h- speed camer as . 

The av erage accelera t i o n  a t  the T h  1 amou n ted to 1 0 0 g ,  
the one a t  the T h  1 2  1 2 0  g .  

The l a te r a l  be nd i ng of the head i n creases w i th the v e l o c i ty 
and reached i ts max imum at 7 0 - 8 0  ms af ter the c r as h . In the 
4 0  km/ h tes t s , head be nd i ng a ng l es o f  70 degrees we r e  
obs er ved , i n  the 6 0  km/h tes t they amou n ted to 9 0  de g r e e s . 

S p i na l  c o l umn i n j ur i es occur red i n  4 3  of the 5 8  t e s t  s u b ­
jects , predom i na n t l y  i n  the a r e a  o f  t h e  cervi ca l s p i ne 
and the upper thor a c i c  ve r tebr a l  c o lumn . 

I n  cons i de r a t i on of the k i nema t i c  ana l y s i s  o ne can conc lude 
tha t  in the load i ng phase o f  the s p i na l  c o lumn a tens i o n  
load occurs f a r - s i de and a comp r e s s i on nea r - s i de . 

I n  the s p i na l  c o lumn i n j ur i es 2 5  c as es wer e  ob s erved a s  
AIS l a n d  1 5  c a s es as AIS 2 .  In two fu r ther tes t s u b j e c t s  
i n j ur y  s ever i t i es o f  A I S  3 a n d  i n  one A I S  5 wer e  obs e rved . 

Con s ide r i ng the f r eque ncy a nd s e ver i ty of s p i na l  co lumn 
i n j ur i es i n  the s i mula ted a c c i d e n t s  one can con clud e  that 
s p i na l  co lumn i n j ur i es are not c r i t i ca l ; the thor a c i c  
i n j ur i es ( r i b  f r actu res ) and abdom i n a l  i n j ur i es C l i v e r  
rup tu r es , r i g h t  s i de impac t )  are de c i s ive f o r  t h e  i n j ur y  
sever i ty i n  t h e  la ter a l  co l l i s i on .  
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I NTROD U C T I O N  

Acute s t r a i n s  o f  the c e r v i cal s p i ne o c c u r  t h e  mos t  i n  
rear e nd i mpac t  accidents , the term " wh i p la s h " f or thes e 
i n j ur i es wa s f i r s t  u s ed by Crow i n  1 9 2 8  C l l l . " Wh i pl a s h "  
i s  a poor l y  de f i ned term i nc ludi ng l ig amentou s and 
mus cular s tr a i n s , h ematomas and di s c  i n j ur i es . The s ame 
k i nd of i n j ur i es ma y a l s o  occur i n  be l t  p r o tec ted 
occupants dur i ng a f r ontal co l l i s i o n  C f l ex i o n  i n j ur i es ) 
or i n  near-s i de oc cupants a t  l a ter a l  c a r  to car i mpacts 
< la tera l b e nd i ng i n j ur i es ) . 

S p i na l  co lumn i n j ur i es are o f  s econda ry i mpor tance i n  
real s i de i mp a c t  a c c i d e n t s . Ac cordi ng to a n  a c c i d e n t  
analys i s  o f  Rouhana a n d  F os ter ( 8 ) , s k e l eta l i n j ur i es 
a r e  ranked a s  n umbe r 1 among the i n j ur i es � AIS 3 ,  
wh i le v e r te b r a l  i n j ur i es are r a nked a s  numb e r  3 and 4 .  
S er i ous neck i n j ur i es occur red i n  mor e  than 5 0  % o f  
t h e  ca s e ,  i nd i r e c t l y  b y  head c o n t a c t  C impact force l .  

M i nor v e r tebr a l  c o l umn i n j ur i es C s t r a i n s , lacera t i ons ) 
not de tectab le th rou g h  x-rays , but f e l t  as pa i n s by 
the car occupan t s , are mo s t l y  not de s c r ibed i n  t h e  
l i teratu r e  o n  s evere car t o  c a r  l a te r a l  impacts , where­
a s  s er i ou s  i n j ur i es o f  other body r e g i ons preva i l . 

O f ten , no de t a i led i nv e s t i g a t i o n  o f  the s p i na l  co lumn 
wi th x-rays tak e s  p l ace i n  the pr i mary c l i n i ca l  treatme n t ; 
the ear l y  di ag nos i s  of s p i na l  c o l umn i n j ur i es i s  therefore 
negl ected . 

Qui te of ten , the i n j ured p e r s on comp l a i n s  of s p i na l  co lumn 
pa i ns a f ter the hea l i ng up of mor e  ou t s tand i ng i n j ur i es , 
the connec t i on w i t h the a c c ident i s  then un cer ta i n .  

Through de t a i led i nves t i g a t i o n s  o f  the i s o l a ted s p i na l  
co lumn i n  PMHS , mi nor and s evere i n j ur i es are recog n i z ab l e  
i f  they a r e  p r e s ent as morpho l og i c  a l te r a t i o n s . 

T he paper pres ents res u l ts of sp i na l  c o lumn i n j ur i es wh i c h  
we re i nv e s t i ga ted b y  t h e  us e o f  PMHS as be l t  p r otec ted 
nea r - s i de occupants a t  90 deg r ees car to car la tera l 
c o l l i s i o n s  w i th imp a c t  v e l oc i t i es o f  4 0  km/ h up to 6 0  km/h . 

TES T S UBJECTS 

58 human ma l e  and f ema le PMHS i n  t he ag e range o f  1 9  up 
to 6 5  years we r e  us ed as te s t  s u b j e c t s  C Tab . l ) . The tes t 
s u b j e c t s  were loca ted i n  the po s i t i o n  o f  near - s i d ed car 
pa s s eng e r s  and r e s trai ned w i th a 3 -po i nt be l t .  
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Tab l e  1 :  Tes t ma t r i x  accordi ng the i mpact veloc i ty and 
t h e  i mp a c t  di rec t i o n  ( 5 )  

ME THOD 

IMP ACT VELOCI TY 
km/h 

4 0  
4 5  
5 0  
6 0  

S tr ik i ng v e h i c l e  

IMPACTED S I D E  
r i g h t  lef t 

5 
1 0  
1 2  

0 

4 
1 0  
1 2  

5 

The s tr ik i ng v e h i c l e wa s a car , the f r o n t  of w h i c h carr i ed 
a spec i a l  de f orma t i on e l ement ( F ig .  1 ) . The de f orma t i o n  
be hav i ou r  o f  t h i s  e l emen t  c o r r es ponds t o  the f r o n t  s t ru c tu r e  
o f  a middl e - cl a s s  European c a r  a t  a f r ontal i mpact ( 3 ) . 
Each e l emen t  wa s o n l y  u s ed f o r  one tes t .  The mas s o f  the 
car amou nted 9 5 0  kg and wa s accelerated by mea n s  o f  a 
fa l l i ng w e i g h t  ( 6 ) .  The veloc i ty o f  t h e  s t r ik i ng v e h i c l e  
amounted 4 0 , 4 5 , 5 0  and 6 0  km/ h .  

S truck ve h i c l e  
A n  Ope l Kad e t t  body , i n-wh i te ,  mou n ted onto a mova b l e  
p latf orm ( do l ly ) wa s u s ed a s  the s t ruck v e h i c l e  ( F i g . 1 ) . 
T he mas s  of t h e  s t ruck ve h i c l e , cons i s t i ng o f  do l ly , car­
body , s ea t , test s u b j e c t  and s upplementa l mas s  a l s o  
amou nted 9 5 0  kg . The ve h i c l e wa s impacted under a n  angle 
of 90 degrees and a t  bo t h  s i d e s ; the v e l oc i ty o f  the 
s truck veh i c l e  wa s 0 km/ h . 

I NS TRU ME NTAT I O N  

S tr ik i ng v e h i c l e : D ece lera t i o n  a long t h e  x - ax i s . 
S truck ve h i c l e : Ac c e lera t i o n  a t  the d o l l y  a l o ng the y-ax i s . 
Acc e l er a t i ons a t  the i n ner s i de of the s t ruck d o or and the 
B -pi l lar a l ong the y-ax i s ; i n  mos t  c a s es t he i n t ru s i on a t  
t h e  i n ne r  s i de o f  the i mpacted d o o r  wa s mea sured w i th an 
i nduc t i v e  mo t i on s e nsor . 

S ub j e c t s : The te s t  s u b j e c t s  were i ns trume n ted w i th 
accel eromet e r s  on the ou t s ide o f  the head , .  r i g h t  and l e f t  
two-ax i a l  ( 4 ) ,  i n  s ome o f  t h e  te s ts a t  the c l iv u s  3 -ax i a l  
c l us ter , a t  t h e  thorax the 1 2 -a c c e l e r ometer a r r a y  ( 8 ) . 
Fur ther acce l er ometers were moun ted a t  the s a c rum 3 -a x i a l  
c l us ter . The r e s p i r a tory s y s tem and t h e  lungs were i n f l ated 
and the p r e s s ur e  wa s mea s ured i n  the trac hea . 
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F i g . l :  Over a l l  v i ew o f  the s t r i k i ng and s t ruck ve h i c l e  
be fore t h e  c r a s h . 

P HOTOGRAP H I C  DOC UME NTATION 

P hotos were taken before and a f ter the tes t . The c o l l i s i on 
phase o f  the te s t  s u b j e c t  wa s documented on h i g h  s p eed f i lms 
i n  fro nta l and r ear v i ew .  

MEDI CAL I NVES T I GA T I O N  

The de term i na t i on of t h e  i n j ur y  pa ttern o f  t h e  ve rtebr a l  
c o l umn was done a c cordi ng to a spec i a l  techni que ( 7 ) , i f  
neces sary , x-ray p i c tures we r e  take n . The i n j ur y  severi ty 
wa s s c a led i n  a c cordance wi th the A I S  1 9 8 0 ( 1 ) . I n j ur i es 
not s eparately me nt i o ned i n  the A I S  vocabulary we r e  s ca led 
by ana l og appl i ca ti on o f  AIS c r i te r i a .  

RES ULTS AND DI S C U S S I O N  

V er tebr a l  co lumn i n j ur i es 
T he d i s t r i bu t i o n  of the s p i na l  c o lumn i n j ur i es accordi ng 
to AIS f or the l e f t  and r i g h t  i mpact g r oups can be s e e n  
i n  the f o l l ow i ng Tab . 2 .  
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IMP ACT DI REC T I O N  
AI S lef t r i g h t  

0 5 1 0  
1 1 5  1 0  
2 9 6 
3 1 1 
4 
5 1 

Tab . 2 :  F reque ncy of the s ever i ty of s p i na l  c olumn i n j ur i es , 
c l a s s i f  i ed accordi ng to the i mpac t di re c t i o n  
- f reque ncy o f  t h e  A I S  s c a les -

Thi s analy s i s  o f  the i n j ur y  s ever i ty o f  the s p i na l  column s hows 
th a t  i n  a to ta l of 4 0  te s ts e i ther none ( 1 5 tes t s ) or o n l y  mi nor 
< 25 te s ts ) i n j ur i es occur red . S tr a i n s , pr edomi nan t l y  a t  the 

ce r v i c a l  vertebral co lumn we re i d e nt i f  i ed as mi nor i n j ur i es 
( AI S  l > , i n  PMHS they can be s e e n  as hemo r r h ag es . Hemor r h ag e s  
i n to t h e  long i tud i na l  l i gamen t s , i n t o  t h e  i n tervertebral di s c s , 
i n t o  the i nt e r s p i n a l  mus c l e  and l i gamentous s y s tem o r  i n to t h e  
j o i nt s  o f  the ve rtebral arc be long to these s t r a i ns . Her eby , 
a l a te r a l  acce n tua t i on o f  the i n j ur y  pa ttern dependent o n  t h e  
impac t di rect i o n  wa s o n l y  recog n i z ab l e  i n  s i ng l e  c a s e s . 

T he 1 5  tes t s u b j e c t s  wi th moderately s evere s p i na l  c o lumn i n­
j ur i es ( AI S  2 )  s howed lacer a t i ons of the long i tud i na l  l i gaments 
and i n terver tebral di s c s , s omet imes i n  two , rarely in s e ve r a l  
segments ; i n  s i ng l e  c a s es sma l l  f r actures of t h e  bony ve r tebr a l  
s truc tures oc cur red wi thout a g r ea ter compres s i o n  o f  t h e  
ve r tebral bod i es and w i thout a recogn i z ab l e  s p i na l  cord i n j ur y . 

The c a s es w i th s p i n a l  co lumn i n j ur i es of AIS 3 ( s e r i ous ) 
and A I S  5 ( cr i t i c a l ) are de f ined i n  de tai l as fo l l ows and 
are comb i ned w i t h  load i ng i nd i c a tors in Tab . 3 .  

LOAD I NG I ND I CATORS RU N NO . 8 4 3 4  8 5 0 3  

S p i ne A I S  3 3 
I mpact v e l oc i ty ( km/h ) 4 5  4 5  
Impac ted s ide R L 
Age C year s ) 5 9  4 7  
Body l e ng t h  ( cm )  1 7 2  1 5 8 
H I C  Ana logon * near - s i d e  3 4 7  7 1 6  
HIC Ana logon * f a r - s ide 2 8 7  4 9 9  
Acc el . max . H ead nea r - s ide ( Re s . g )  6 5  1 6 3 * *  
Acc e l . max . Head f a r - s ide ( R es . g > 7 9  8 3  
Acc e l . max . Th 1 ( Res . g >  1 5 6 * *  1 4 7  
Acc e l . max . Th 1 2  ( Res . g )  1 0  4 1 3 8  

8 31 9  

5 
6 0  

L 
4 0  

1 7 5 
7 8 8  
8 2 2  
1 0 4  
1 3 1  
1 3 6  
1 9 0 

Tab . 3 :  S p i n a l  column i n j ur i es# A I S  3 wi th the mos t  impor tant 
a n t hropometr i c  da ta and the load i ng on head and 
s p i na l  co lumn . ( *  H I C-va lue eva lua ted f rom the r e s ul t .  
accel . on the ou t s ide of the head ; * *  above av erage 
high accel . max ima ) 
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When look i ng a t  the load s  i n  Tab . 3 ,  the va lues f or the 
max imum of the r e s u l tant head accelera t i o n , a t  the l s t  
thor a c i c  ver tebra ( Run No ' s  8 4 3 4 ,  8 5 0 3 ) a r e  s ur p r i s i ng a s  
we l l  a s  t h e  max imum of t h e  r e s ul tant head accelera t i o n ,  
imp a c ted s ide a t  Run No . 8 5 0 3 .  The s e  va lues are above the 
me an va lues o f  the cor respond i ng tes t  g r oup , the head 
a c c e l era ti on o f  Run . N r .  8 5 0 3  s h owed the h ig hes t va lue ever 
me asured a t  t h i s  loca t i o n  in the 45 km/ h g r oup . 

R un No . 8 4 3 4  ( S p i n a l  co lumn A I S  3 ) : 
4 5  km/ h r i g h t - s i d e  i mp a c t , ma le tes t s u b j e c t , 5 9  years old , 
MA I S  6 < pa r t i a l  s ep a r a t i o n  o f  the br a i n  s t em f r om the po ns ) , 
thorax A I S  4 ,  abdomen A I S  0 .  I ns t ab l e  s p i na l  co lumn i n j ur y  
be twee n  c 6 und C 7 w i th lacera t i o n  o f  the ante r i o r  and 
po s te r i or longi tud i na l  l i gament , severence o f  the i n ter­
ver tebr a l  di s cs and lacer a t i o n  of the i n te r s p i na l  mus c l e  
and l i gamentous s y s tem , hemor rhage i n to the le f t  and r ig h t  
j o i n t . F ur ther hemo r r hag es a t  C 4 / C  5 a nd Th 2 / T h  3 .  

Run No . 8 5 0 3  ( S p i n a l  co lumn AIS 3 ) : 
4 5  km/h l e f t - s ide impact ,  female te s t  s u b j e c t , 4 7  years o ld , 
MA I S  4 ,  T horax 4 ,  Abdome n 4 .  Hor i z on t a l  f r a c tur e o f  the top 
o f  the de ns w i thout ( recogn i z ab l e ) s p i na l  cord i n j ur y , 
l a c er a t i ons o f  the l i g amentum f l avum be twee n  the l s t  and 
2 nd a s  we l l  as the 2 nd and 3rd cerv i c a l  s egmen t  w i th mor e  
ext e n s i ve s tr a i n s t o  the r i g h t  than t o  the l e f t  s ide , 
removi ng o f  the i n terver tebr a l  di s c s  and lacer a t i on s  of 
the long i tudi n a l  l ig aments between the 2 nd and 3 rd cer v i c a l  
s e gme n t . F ur ther s t r a i ns a t  C 6/C 7 and T h  4 /Th 5 .  

Run N o . 8 3 1 9 ( S p i na l  c o lumn AIS 5 ) : 
6 0  km/ h l e f t - s ide impa c t , ma le te s t  sub j e c t , 4 0  years o ld , 
MA I S  5 ,  T horax A I S  4 ,  Abdomen A I S  4 ,  Head A I S  3 .  Comp l e te 
separa t i on be tween C 4 and C 5 w i t h  lacer a t i o n  of the 
lo ng i tud i na l  l i g ame nts , the i n terve r tebr a l  di s c s  and 
luxa ti o n  of the later a l  j o i n t s  and di s l oc a t i o n  o f  the 
ve r tebra l body wi t h  c ru s h i ng of the s p i na l  cor d .  Lac e r a t i o n  
o f  the l i g amentum f l av um C 7 / T h  1 a n d  Th 2/Th 3 ,  no bony 
i n j ur i es . 

LOCATION O F  T HE S P I NA L  COLUM I NJ UR I E S  

The i n j ur i es pr edom i na n t l y  occur red i n  t h e  a r e a  o f  the 
c e rv i c a l  s p i ne , T h  1 ,  T h  2 and Th 3 we re concerned l e s s  
f r eque n t l y ; T h  5 -T h  9 ,  Th 1 2  and L 3 we re af fected o n l y  
o n e  t i me each . A n  abs o lute d i s tr ibut i o n  of the co ncer ned 
s p i na l  c o l umn s egme nts a l s o  expres s ed as percentag e and 
s ummar i z ed for r i g h t  and lef t impacts is i l lus t r a ted i n  
F ig .  2 .  The f i g ure s hows that the s egments C 5 wi th 

1 94 



F•EO Cu•. PE•CENT cu•. 
FREO PE•CENT 

0 
1 1  1 1  8 .  2 1  8 . 2 1  

C1 1 1 7  28 1 2 .  69 20 . 90 

1 0  38 7. •6 28. 36 2 
1 1  •9 8 .  2 1 3 6 . S 7  J 
1 3  62 9. 70 • 6 . 27 • 
2 1  8 3  l S .  6 7  6 1 .  9• s 

6 30 1 1 3  22. 39 8•. 33 

, • 1 1 7 2. 99 87. 3 1  

TH1 8 
2 1 1 9 1 .  •9 88. 8 1  

6 125 • •  •8 9 3 . 28 
9 

2 1 2 7  1 .  •9 9ij. 78 
: o  

0 1 2 7  o .  0 0  9 ij .  7 8  1 1  
1 2  1 128 o.  75 9 5 . 52 

1 3  
1 129 o. 75 96.27 

" 1 1 30 o. 75 97 . 0 1  

1 s 1 1 3 1  o .  75 97. 76 

1 6  1 1 32 o. 7S 98 . S I  

" 0 1 32 0 . 00 98 . S I  

0 1 32 o . oo 98 . S I  : �- 1 1 3 3  o .  7S 99. 25 

0 1 33 o. 00 9 9 . 2S L1 20� 
0 1 33 o. 00 99.2S 

2 1  
1 1 3• o. 7S 100. 00 22 
0 1 3• o . oo 1 0 0 . 00 

23 1 0 l 3ij o . oo 1 0 0 . 00 �� I 0 1 3 •  0 . 00 1 00 . 00 

1 0  20 30 

FREOUENCT 

CO:..L I S I CN T T PE - L  � -

F ig . 2 :  Loc a t ion o f  the ve rtebral c o l urnn i n j u r i e s  ac c o r d i n g  
the imp ac t d i rec t i on 
( L :  le f t - s i de impac t , R :  r i g h t - s ide impac t )  

C1 1 •  �� 
2 �� 
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=�- -� 
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I I  
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1 1 9  1 .  6 95. 2 

1 2 5  „ .  8 : o: .  c 

F i g . 3 :  Loc a t i o n  o f  the verte b r a l  c o lurnn in j ur ie s  a c c o r d i n g  
the l e s ion 
( F :  f r ac t ur e , L :  lac e r at ion , T :  s tr a i n , Z Re s t :  o t he r s )  
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1 5 , 7  % and C 6 wi th 2 2 , 4 % we re i n j ur ed the mo s t ; i n  the 
th i rd p l a ce is the s e gment C l  wi th 1 2 , 7  % .  An ex ­
p l a na t i o n  of the h i gher f r eque ncy i n  l ef t - s ide i mpac ts 
is that o nl y  th i s  te s t  group i nc l uded impact s  a t  a 
co l l i s i o n v e l oc i ty o f  6 0  km/h . 

C on s ider i ng the above me n t i oned f r eque ncy , the i n j ur i es 
of o c c i put to Th 2 a r e  di s c us s e d  a s  f o l l ows . 

LOCA T I O N  OF THE VERTEBRAL COLUMN I NJ UR I ES ACCORDI NG 
TO THE L ES I O N  

F ig . 3 i l lus t r a tes t h e  loca t i on of s p i na l  co lumn i n j ur i es 
a c cordi ng to the les i o ns . The mos t l y  o b s e rved i n j ur i es are 
s tr a i ns ( T ) , wh i ch oc cur r ed in each segment a nd p r e­
dom i na n t l y  c o nc er ned the level o f  C 6 wi th 1 6  % ;  hemo r r h ag es 
obs e rved by s t r a i n s  wer e  s ca led w i th AIS 1 .  S ec ondl y  are 
lacer a t i o ns in the l eve l o f  C 6 wi th 6 , 4  % .  F ra c tur es of 
ver tebr ae arid ot her i n j ur i es ( av u l s i o n , c r us h ,  rup tur e ,  
s epara t i o n , s p ra i n ,  trans s e c t i o n ) we r e  r a r e l y  o b s e rve d . 

LOCA T I O N  O F  THE VERTEBRAL COLUMN I NJ UR I ES ACCORDI NG TO 
THE S Y STEM/ORGA N 

F ig . 4 s hows the abs o lute f r eque nc i es of the obs e rved k i nds 
of i n j ur i es as wel l as the perce ntag e of the af fected 
s p i na l  c o lumn s e gme n t s . Ac cordi ng to th i s  i l lus t r a t i o n , 
segment C 6 wa s c o nc e r ned the mo s t  w i th 2 4  % .  At the 
s e gments C 2 -C 6 the i n tervertebr a l  di s c s  i n j ur i es a r e  
i n  t h e  f i rs t  place . S ec ondl y ,  i n  th e C 6 s egme n t , i s  t h e  
j o i nt i n j ur y  wi th 5 , 6  % .  Mor e  r a r e l y  oc cur r ed i n j ur i es 
o f  mus c l es C l , 6  % )  , po s t e r i or < 1 , 6  % )  and anter i o r  
l o ng i tud i na l  l i gaments ( 0 , 8  % )  a t  t h e  C 6 s egme nt . 

LOCATI O N  O F  THE VERTEBRAL COLUMN I NJ UR I ES ACCORDI NG TO 
TH E S EVERI TY 

F i g . 5 i l lus t r a tes the abs o lute f r equency of s p i na l  co lumn 
i n j ur i es accordi ng to loca t i o n  and s ever i ty as we l l  as the 
f r eq ue ncy in the r e s pective s egment exp r es sed a s  percentage . 
I t  i s  apparent that i n  each s p i na l  co lumn s egme nt the A I S  1 
occurs mos t  f r eq ue n t l y  ( s tra i ns ) f o l lowed by A I S  2 
< lace r a t i o n s ) .  In two cases AIS 3 occur red i n  s egment 

C 2 and C 6 ;  in o ne te s t  an AIS 5 wa s obse rved in leve l C 4 
( wi th c r us h i ng o f  the s p i na l  cord ) . 
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KI NEMATICS AND I NJ UR Y  MECHA N I C S  

Mos t o f  t he 1 6  mm h i g h  s peed f i lms o f  t h e  f r ontal v i ew 
we r e  exam i ned i n  r e l a t i o n  to the ce rvi c a l  sp i ne k i nemat i c s . 
T he f i lm analys i s  a t  f i r s t  s hows a l a teral di s p l a cemen t  
of the t o r s o  aga i ns t  the head ; a c co rdi ng to the c o l l i s i o n  
ve loc i ty a s hear load a t  t h e  head - cervi c a l  s p i ne t r a n s i t i o n  
oc cur s i n  t h e  t i me 1 5  ms a n d  3 0  ms a f te r  the c r a s h ;  a f te r  
t h a t  f o l l ows a lateral bend i ng towards t h e  impact s i d e . 
D ur i ng th i s  load i ng phas e i n  t h e  c e r v i c a l  s p i ne a tens i o n  
load occurs f a r - s i de and a comp r e s s i on nea r - s i de ( F ig . 6 ) . 

T he be ndi ng ang l e  a t  the head - neck- tor s o  tr ans i t i o n  i ncreases 
wi t h  the co l l i s i on v e l o c i ty and r eaches its max imum 7 0 - 8 0  ms 
a f te r  the· c r a s h  ( F ig . 7 ) . I n  the 6 0  km/ h co l l i s i o ns mean 
be ndi ng angles o f  90 degrees we r e  o b s erved , in the 4 0  km/h 
c o l l i s i o n s  the be nd i ng angles amoun ted to about 7 0  degrees . 

T he evidence o f  s t r a i ns a t  the far - s i de , n o t i c eab l e  a s  
hemor r h ag es i n  t h e  mus cular s y s tem , i n  the longi tud i na l  
l i game n t s , i n  the j o i n ts o r  i n  the i n terve r tebr a l  d i s c s , 
c a n  be exp l a i ned wi th the be nd i ng mecha n i sm .  
F ina l ly a te n s i on load tak es p l ace i n  the z -ax i s  o f  t h e  
cerv i c a l  s p i ne ( F ig .  6 )  a f te r  the la tera l b e nd i ng of 
the head -cerv i ca l  s p i ne c omp l ex wi th regard to the tor s o . 

COMP AR I S O N  OF THE RES ULTS W I TH F I E LD ACC I D E NT DATA 

T he i nves t i g a ted veloc i ty range i s  i n  accorda nc e  wi th 
s evere c a r  to car later a l  i mpac t s  i n  real road acc i d e n ts . 
T he c o l l i s i on v e l oc i ty o f  6 0  km/ h i s  exc eeded by about 
5 % o f  r e a l  a c c idents , mo s t  o f  the la te r a l  co l l i s i o n s  
C about 8 5  % )  happen a t  a lower i mpact v e l oc i ty than 
40 km/h C l O > ; the chosen ve loc i ty range i nclud e s  about 
1 0  % of r e a l  car to car la te r a l  impacts . 

The a n a l y s i s  o f  real la ter a l  i mpact accide n ts s hows t h a t  
i n  t h e  r a nge o f  t h e  co l l i s i o n ve l oc i ty o f  4 0  t o  6 0  km/h , 
nume r ou s  severe a nd f a ta l  head , thorax and abdomen i n j ur i es 
oc cur ( 2 , 9 ) ; th e i r  f r eque ncy i nc reases w i th the ve loc i ty .  

Mi nor and mod e r a te i n j ur i es , obs erved i n  deta i led i n­
ves t i g a t i ons of the s p i na l  c o lumn of PMHS ma y be ove r l ooked 
in the c l i n i ca l  exam i na t i on a s  the c l i n i c i an has to tr eat 
head , thorax and abdomen i n j ur i es f i r s t .  The r e f or e , thes e 
i n j ur i es ( AI S  1 ,  A I S  2 )  i n  mus c l es , l i g amen t s , i n ter­
ve r tebr a l  di s cs and vertebrae may oc cur mor e  f r eq ue n t ly 
i n  the PMHS c o l l ec t ive than no t i ced i n  real a c c i d e nt s . O n  
the o t her hand , the d i ag n o s i s  o f  s t ra i ns a t  the f a r - s i de 
o f  the PMHS ' sp i ne , wh i c h  my occur as hemor rhag es i n t o  the 
lo ng i tud i na l  l i g ame nts , the mus cular s y s tem ,  the j o i n t s  
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F ig . 7 :  Mean head def l ec t i on ang l es f o r  PMHS accordi n g  
t h e  i mp a c t  v e l oc i ty .  

90 

or the i n terve r te b r a l  d i s c s  ( mi no r  i n j ur i es AIS 1 ) , i ndeed 
i s  very di f f i cu l t  i f  not impos s i b le due to the a b s e nc e  o f  
blood p r e s sure i n  PMHS . T h e  s ame app l i es to i n j ur y  s eq ue l s  
wi t h  c omp r e s s i on wh i c h my l ead to a r t i cular c a r t i lage 
hemor rhages in t h e  f a r - s ide verteb r a l  j o i n ts under v i ta l 
co ndi t i ons . 

100 
t (msl 

S p i na l  nerve i n j ur i es wi th fun ct i o n a l  l o s s  a r e  not de tec tab l e  
i n  PMHS ; accor di n g  t o  Rouhana and Fos ter ( 9 ) , howeve r , s p i na l  
nerve i n j ur i es a r e  r a r e  i n  l a te r a l  i mpact f i e ld a c c i de nt 
i nv e s t i g a t i o n s . 

Accordi ng to the autopsy exper i ence w i th l a te r a l  imp a c t s  
o f  near - s i de a n d  f a r - s ide be l ted oc c upants w i th extrem 
h i g h  i n trus i on ,  t h e  i n j ur y  mechan i c s  o f  a s h ear i ng l oad 
at the trans i t i on of the head - neck c omp l ex and a bendi ng 
o f  the c e r v i c a l  s p i ne are conf i rmed . 
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Con s eque nc es o f  the s h eari ng l oad are f ractures o f  t h e  
oc c i p i ta l  condy l es and the dens . Fur thermore , hemor rhages , 
lacer a t i ons o f  l i game n t s  and i n t erver tebr a l  di s c s , 
di s l oc a t i ons , trans s ect i on o f  the upper c ervi c a l  s p i na l  
co rd a n d  vertebr ae f ractur es oc cur a s  c o n s eq ue nces o f  the 
la teral be ndi ng of the cervi ca l s p i ne . Genera l l y ,  the 
fatal i n j ur i es c o nc e r n  head , thorax and abdome n . 
The s p i na l  co lumn i n j ur i es i n  l a te r a l  co l l i s i o ns are there­
fore not no t i ceab l e  r e f e rred to the i n j ur y  s ever i ty ,  a l s o  
obs erved by Wa l z  e t  a l . ( 1 2 ) . 

CONCLUS I O NS 

1 .  The s ever i ty o f  s p i na l  co lumn i n j ur i es i s  o f  s econda r y  
impor tance i n  car t o  car 9 0  deg r ees c o l l i s i o ns ; head , 
t horax and abdomen i n j ur i es are mor e  dec i s i v e  f o r  the 
i n j ur y  sever i ty .  

2 .  S p i na l  column i n j ur i es , wh i c h  we r e  obs erved i n  PMHS a t  
s i mu l a ted 9 0  degr ees car t o  c a r  l a tera l co l l i s i on s  
are comp arab l e  w i th the o n e s  i n  real acc i de nt s . 

3 .  Accordi ng to our exp e r i ence f rom thorough de ta i l  i n­
ves t i ga t i o ns o f  s p i na l  column s af ter exper i me nta l 
9 0  degrees l a tera l co l l i s i o ns , vertebr a l  pa i n s  i n  
the s e n s e  o f  w h i p l a s h  i n j ur i es s hould be exp ected 
i n  ex terna l l y  un i n j ur ed p e r s o ns a f ter s ev e r e  lateral 
co l l i s i o n s . 
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