
R I S K  AND MECHAN I SMS OF INJURIES TO THE CERVI CAL S P I N E  

ABSTRACT 

IN TRAF F I C  ACCI DENTS 

D i etmar Otte 
I n s t i tute o f  Automotive E n g i n ee r i ng 

Tec h n i c a l  U n i ve r s i t y Ber l i n  

a n d  

J . R .  Rether 
I n s t i tute o f  Trauma Surgery 
Medi c a l  U n i v e r s i t y  Hannover 

Th i s  paper p r e s e n t s  the r e s u l t s  o f  a f i e l d  s t u dy i n  the Hannover 
area ( Fe de r a l  Repub l i c  of Germany ) .  5 , 7 5 9  peop l e  i n j u r e d  i n  
t r a f f i c  acc i de n t s ,  were e x am i n e d  with r e g ard t o  i n j ur i e s  o f  t h e  
c e r v i c a l  s p i n e . 2 . 1 % rece ived i n j ur i e s  o f  t h e  c e r v i c a l  s p i n e ; 
1 . 0 4 %  morpho l og i c a l l y  non-de f i n a b l e  i n j u r i e s  ( AI S= l ) ,  a n d  0 . 9 7 %  
bony or l i g amentary i n j u r i e s  ( A I S > l ) . The de f i n i t i on o f  the 
' wh i p l a s h  i n j ury ' is e l uc i date d ,  and the r i sk f or t h e s e  

par t i c u l ar i n j ur i e s  i s  de scr ibe d ,  accor d i n g  to the type o f  
t r a f f  ic par t i c i p a t i o n  o f  t h e  i n j ure d .  

1 .  OBJECTIVE 

. I n j ur i e s  o f  the cervi c a l  s p i n e  to v i c t i ms o f  t r a f f i c  a c c i de n t s  
range f r om d i a g no s t i c a l l y  d i f f i c u l t  to d e f i n e  ' wh i p l a s h  t r auma ' ,  
almost w i t hout any symptoms ( AI S  1 )  to the l u x a t ion f r ac t ure 
with t e t r ap l e g i a  ( AI S  6 ) .  The conception of the s l i n g i n g  i n j ur y  
was f i r s t  u s e d  by GAY a n d  ABOTT ( 1 )  a s  a pure hype r e xt e n s i o n  i n ­
j ury . They l at e r  extende d  the me a n i n g  o f  t h i s  conc e p t i on t o  the 

· so-c a l l e d  ' wh i p l a s h  i n j ury ' . Other authors have been occupied 
with the conception o f  the wh i p l a s h  t r a uma . They u s e  this name 
for a l l  i n j u r i e s  r e s u l t i ng f r om a s l i n g i ng movement of the h e a d ,  
with and w i t hout head impac t ,  among others MÜLLER ( 2 ) ,  GÖGLER ( 3 ) ,  
KUHLENDAHL ( 4 ) , and JAN ZEN ( 5 ) . They di f ferent i ate be tween hyper­
exte n s i on b y  d i r e c t  impact to the f r o n t - h a l f  of the head and the 
i s o l at e d  s l i n g i ng traum a ,  without head impac t . Th i s  d i v i s ion i s  
used i n  our own a n a l y s i s  ( 6 ) . 
The e x i s t i ng d i f f ic u l t y  i n  d i a g no s i s ,  e v a l u a t i o n  a n d  a s s i g nment 
of the so-c a l l e d  ' wh i p l a s h  i n j ur y ' i s  e v i dent f r om the var ious 
de f i n i t i on s . T h i s  me ans that the rnedic a l  diagnos i s , e . g .  pain i n  
the nec k ,  i s  a l ways a s s i g n e d  t o  a c a u s a l  mec h a n i s m ,  i n  t h i s  c a se 
' wh i p l ash ' .  W i t h  d i ag no s t ic a l l y  de f i n ab l e  i n j ur i e s ,  howeve r ,  
the me d i c a l  di agnos i s  i t s e l f  i s  u s e d  for the de s c r i p t i o n  o f  the 
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i n j ury , for i n s t a n t  the l uxat ion fractur e .  Th i s  e xp l ai n s  the 
w i de scale o f  f r equency reports about c e r v i c a l  spine i n j u r i e s  
i n  t h e  l i t e r ature . 

As c a n  be seen f r om the l i terature , the maj o r i t y  o f  s l i ng i ng 
trauma to c a r  p a s s e nger s occur i n  r e ar c o l l i s i on s  ( 7 , 8 ) . 
BRAUNSTE I N  ( 9 )  reports that in the USA f r om 1 9 5 2  to 1 9 5 5  out o f  
1 , 0 0 0  c a r  acc i de n t s ,  6 . 8 % o f  t h e  i n j ured p a s se ng e r s  rec e i ve d  
cervic a l  s p i ne i n j ur ie s . THORSON ( 1 0 )  a n a l y ze d  2 , 5 0 0  i n j u r e d  
t r a f f i c  p ar t i c i p a n t s  i n  Up s a l l a  ( Swede n ) .  4 %  o f  them r e c e i ve d  
c e r v i c a l  s p i ne i n j ur i e s .  Ac cording to THORSON , 0 , 2 % o f  those 
were c l e ar wh i p l a s h  i n j u r i e s . 
I n  the Fede r a l  Repub l i c o f  German y ,  appr oximat e l y  1 7 %  o f  c a r  
p a s sengers r e c e i v e d  i n j u r i e s  to t h e  c e r v i c a l  s p i n e , 0 , 3 % o f  them 
damaged the bony p ar t s ,  acc ordi ng to a s t u dy of the HUK 
Associ ation ( 1 1 ) . In 5 0 %  o f  the c a se s ,  the c e r v i c a l  s p i n e  i n j u r i e s  
were c a u s e d  by an impact t o  the r e a r  o f  t h e  car . The HUK 
A s s o c i a t ion inve s t i gates the po s s i b i l i t y  of a h i gher r i s k  for 
s e vere , l i f e  t h r e a t e n i n g  i n j u r i e s  in front a l  c o l l i s ions . 

Th i s  st udy i s  i n tended to desc r i b e  the type and frequency o f  
i n j ur i e s  to t h e  c e r v i c a l  s p i ne f o r  var ious t r a f f i c  p a r t i c ipant s ,  
to i l l u str ate the characte r i s t i c s  of the s o - c a l l e d  ' wh ip l a s h  i n j ury ' .  
I n  t h i s  attempt , the techn i c a l - me d i c a l  e v a l uat ion o f  the c o ncept 
o f  ' wh i p l a s h  tr auma ' is used for the morpho l og i c a l l y  i l l - d e f i ne d  
di stortion o f  the c e r v i c a l  s p i ne ( AI S  1 ) ,  c au s e d  b y  hype r ­
extens ion and/or hype r f l e x i on or rotat i o n . A l l  bony and l i g a ­
me ntary i n j u r i e s  a r e  poo l e d  i n  a second group A I S  > 1 .  
2 .  DATA FOR THE STUDY 

2 , 1 1 1  t r a f f i c  acc i de n t s  were at our d i s p o s a l  for the s t u dy ,  i n ­
vo l v i ng 5 , 7 5 9  p e r s ons . Frequenc y ,  l oc a l i z a t i on , ac c i de n t  me chan­
i sms and accompany i ng i n j u r i e s  o f  t r a f f i c  p ar t i c ipants w i t h  
c e r v i c a l  s p i n e  i n j u r i e s  a r e  i nve s t i g a t e d  i n  the study . W i t h i n  the 
fr amework o f  the Loc a l  Ac c i dent I n ve s t i g at i ons i n  the town and 
country d i s t r i c t  o f  Hannover ( FRG ) , a l l  t r a f f i c  ac c i dent s were 
docume n t e d ,  reconstructed an a n a l y z e d  b y  an i nt e r d i s c i p l i nary 
r e s earch team ( 1 2 ) . An extens ive docume n t a t i o n  o f  techn i c a l  de­
ta i l s ,  l i ke sk i d  mark s ,  f i n a l  p o s i t i on of the vehic l e , d e f orm­
a t i o n  p a t t e r n s  of the ve h i c l e  exter ior and the p a s s e n ge r s  comp a r t ­
me nt i s  made . A l l  i n j ur i e s  a r e  e s t ab l i s h e d  with r e g a r d  to type , 
seve r i t y  ( A I S ) a n d  l oc a t ion . 

3 .  INJURY TO THE CERVI CAL S P I NE 

3 . 1  Type o f  t r a f f i c  p ar t i c i pation 

2 . 1 % o f  a l l  t r a f f i c  p ar t i c ipants s u f f e r e d  i n j u r i e s  o f  the c e r v i c a l  
s p i ne . 1 . 0 4 %  o f  t h e s e  we re so-c a l l e d  c l e ar whip l a s h  i n j ur i e s  
( AI S = 1 ) ,  and 0 , 9 7 %  were bony and l i g amentary i n j u r i e s  o f  
i n j ury s e ve r i t y  degree A I S  > 1 .  P e de s tr i an s  and u s e r s  o f  
motor i z e d  two-whee l e r s  c l ear l y  f ace the greater r i s k  for s p i n a l  
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injuries ( table 1 ) .  3 . 4 %  of the pedestrians received cervical 
spine in jurie s , but only 0 . 2 % of them suffered so-called whip­
lash injurie s . 3 . 3 % of the motorized two-wheel r iders with 
cervical sp ine injuries received c learly more bony , respect ively 
l igamentary in juries to the cervical spine . Car pas sengers re­
ce ived cervical spine in juries in 1 . 9 %  of the cases , but these 
were predominantly wh iplash in juries ( 1 . 3 % ) . Pas sengers of 
trucks ,  however , only rece ived these injuries in 0 . 2 % of the case& 

3 . 2  Distribution of age and sex 

While 50% of all  traff ic partic ipants in the study populat ion 
were under the age of 30 , only 30% of this age group rece ived in­
juries to the cervical  spine ( table 2 ) . Thi s  fact shows that older 
people pas t  the age of 30 are c learly more susceptible to this 
k ind of in j ury than younger ones . 5 6 . 9 %  of the s tudy popu lation 
are males . 

3 . 3  Car pa ssengers 

Compared with drivers , and with passengers in the rear seats , 
front pas sengers have a higher inc idence of the se part icular in­
jur ies ( tabl.e 3 ) . 3 . 4 %  of the front- seat pas sengers without belt 
and 4 . 4 %  of the belt-protected ones received cervical spine in­
juries . While  an even greater percentage of injuries to the 
cervical spine was estab l i shed with belt u sage , this number is 
based on a higher percentage of the so-cal led whiplash injuries 
( 3 . 6 % ) . Bony and l igamentary in juries were establ i shed in only 
0 . 8 % of the cases with be lt u sage . No in juries at a l l  to the 
cervical spine were found with three bel t-wearing rear-seat 
passengers . Despite the fact that e j ection of belt-wearing pas­
sengers is pos s ible , no cervical spine in j uries  were estab l i shed . 
These facts prove the protective quality of the seat-belt . 1 1 . 9 %  
of the e j ected , not belt-protected passengers rece ived cervical 
spine injuries ( table 3 a )  . 

Car pas sengers are exposed to a very great r i sk for cervical 
spine injuries in rear collisions as wel l  as  in rollover acc idents 
( table 4 ) . Only 3 . 9 % of the car pa ssengers were subj ected to a 
rear collision , and 3 . 8 %  in rol lovers of the veh ic l e . 

1 8 . 2 % of the persons with cervical spine injuries were involved 
in rear collisions , and 7 . 8 %  were in overturning cars ( table 4 a ) . 
The veloc ity change during a col l i s ion appears to have some in-
f luence , as far as cervical spine injuries are concerned . In rear 
col l isions , these in jurie s  already occur with very low changes 
of speed . In frontal and lateral c o l l i sions , they were estab­
lished only in higher veh icle veloc ity changes ( table 4b)  . In 
frontal as wel l  as in lateral impacts , no cervical spine in juries 
were e stab l i shed with A v  below 1 0  km/h . 6 . 7 %  of the passengers 
in vehicles hit at the rear , suff ered cervical spine in juries in 
a speed change of up to 1 0  km/h . 

Per sons with cervical spine injuries are generally susceptible to 
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a higher degree of trauma to the who le body , and to in juries of 
multiple body region s .  E spec ially the head , thorax , pelvis as 
wel l  as upper and lower extremities rece ive a h igher degree of 
trauma ( tables Sa and b ) . 2 4 . 8 %  of all belt-wearing car passengers 
rece ived head injurie s , S S . 6 %  with d iagnosed whiplash in jurie s , 
and 4 2 . 9 % of those with bony or l igamentary injuries to the 
cervical spine also suffered head injuries ( tabl e  Sb)  . 

3 . 4  Riders of two-wheelers 

The ma jor ity of two-wheel riders in th i s  study received s l ight 
and medium injuries ( 74 . 4 %  OAIS - severity degrees 1 to 3 ) . Those 
with cervical spine injuries were ma inly ser iously injured 
( S 7 . 7 % OAI S  S and 6 ;  table 6 ) . 

Riders of motori zed two-wheelers are in more danger than users of 
non-motori zed two-wheelers of receiving cervical spine injurie s . 
8 S . 7 % of tho se with cervical spine in juries wore crash he lmets .  
It i s  remarkable that two-wheel users with cervical spine in­
j uries (users of motor i zed two-wheelers inclus ive cyc l ists ) 
suffered c learly more abdominal injuries ( 4 2 . 9 % ) , compared with 
other inj ured two-wheel r iders ( 1 S . 4 % ) . The e stabl i shed higher 
proportion of injuries to head , thorax , pelvis/abdomen and ex­
tremities  shows a cons iderable impact to the whole body . 

3 . S  Pede strians 

The h ighe st percentage ( 3 . 4 % )  of cervical spine injuries was 
e stab l i shed with pede strian s .  A high degree of traumatiz ing to 
the thorax , abdomen and pelvis was additional ly establ i shed here 
( table 7 ) . 8 8 . 2 % of those persons with cervical spine injuries 
also suffered injuries of the thorax , 6 4 . 7 % to the abdomen/pelvis . 
Almost a l l  pedestr ians with an injured cervical vertebra rece ived 
very severe , respectively fatal injuries ( OAIS 6 ,  n = 1 S ) , due to 
the high traumatiz ing degree of the whole body . 

For patients with cervical spine in juries , the col l i s ion speed 
exceeded 40 km/h, in 8 8 . 2 % of the cases ( table 8 ) . When comparing 
the col l i s ion speeds of all inj ured pedestrian s , a higher risk 
for cervical spine injuries i s  evident with higher speeds . 

4 .  D I SCUSS ION 

For all traff ic members cervical spine injuries (AIS > 0) were 
e stabl ished in our study in 2 %  of the case s . Cons idering the 
methods used by the local acc ident inve stigation in the town and 
rural district of Hannover , with documentations in approximately 
30 c l in ic s , this percentage of injury probabi l ity for the cervical 
spine can be as sumed for acc idents in the whole German Federal 
Repub l ic . They are predominantly so-called ' whiplash traumas ' ,  
with AIS 1 ,  received by 1 . 1 %  of injured traf fic partic ipants : 
0 . 9 %  of  them rece ived bony , respectively l igamentary injuries of 
the cervical spine . These can be ass igned to severity degree 
AIS > 1 .  
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According to this study , pede strians are e spec ially at risk . Al­
most 3 . 4 %  of them rece ived exclus ively bony or l igamentary in­
juries of the cervical spine (AIS > 1 ) . These injuries occurred 
mainly in higher col l i s ion speeds , exceeding 40 km/h , together 
with severe trauma of the whole body , e spec ially the thorax . 
The analys is shows : - With a sudden head decelerat ion the spine 
is loaded by the mass of the body and its consequent gl iding 
( the so-called ' s l iding up ' ) .  This causes  compres s ion and bending 

of the cervical spine ( table 9 ) . The proc ess leads espec ially 
to fractures of the lower cervical spine , e s  to e 7 , and to 
luxation fractures in the upper hal f , above e s , with neuro­
log ical non- funct ioning ( table 1 0 )  . Dur ing the s l iding phase of 
the body in direction of the windscreen , the rest of the vertebra 
column ( dorsal- and lumbar vertebra) is exposed to high pres sure 
and high ri$· for in jury . 

Bes ide pedestrians , users of motorized two-wheelers are very 
susceptible to cervical spine injurie s . 3 . 3 %  of the motor ized 
two-wheel riders rece ived such injuries , 2 . 4 %  AIS > 1 .  As before , 
cervical spine in juries are nearly always found in connection 
with head impacts , re spectively with impact of the body trunk . 
It seems that the s l iding proce s s  ( table 9 )  i s  re spons ible for 
the occurrance of thi s  particular inj ury . A greater risk for 
cervical spine injurie s , in connection with helmet usage coul d  
not be conf irmed in thi s  study , despite the fact that more 
cervical spine in juries were regi stered among helmet wearers , 
compared with two-wheel rider s , without helmet s .  

In contrast to pedestrians and motorized two-wheel users , 
cycl ists ( with still a h igh proportion of 2 . 4 % )  suffered fewer 
cervical spine in juries , 1 . 7 %  AIS > 1 .  The h igher pos it ion of 
the center of gravity , in connection with the low proper motion 
of the bicycle seems to have a lower r i sk for cervical spine in­
juries . For this reason , an axial or bending pres sure is not 
e stab l i shed to such high degree . The predominantly younger ages 
of those traff ic partic ipants would explain the fewer injuries 
of the cervical spine in this age group , compared with pe destrians. 

For car pas senger s  a further d isadvantage i s  i l lustrated by 
another inj ury mechanism ( table 1 1 ) . This i s  the to s s ing move­
ment of the head , already described as ' whiplash in jury ' .  1 . 9 %  
o f  the car passengers suffered cervical spine injurie s , 1 . 3 %  
AIS > 1 .  Car pas sengers in the co-driver ' s  seat suffer more 
cervical spine in juries than the ir fellow pas sengers in the rear 
of the c ar . These injuries frequently occur in rear col l i s ions . 
They already happen with low impacts of A V , below 1 0  km/h . 
eontrary to the rear impact ,  a lesser injury risk i s  estab l i shed 
for frontal and s ide coll i s ion s .  Thi s  is also the case in 
acc idents by rol lover . For belt-protected car pas sengers ,  the 
injury r isk for the cervical spine seems higher than for those 
without belt . eervical spine injuries for belt u sers , however , 
consist mainly of c lear di stortions (AIS = 1 ) , caused by the 
toss ing movement of the head . For unprotected persons , more bony 
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or l igamentary injuries of the cervical spine (AIS > 1 )  were re­
gi stered . Thi s  cognit ion correlates with other studies :  
A substantial reduction of serious /critical neck injuries was 
found with be lted occupants . On the other hand , the frequency 
of minor neck injuries with belted occupants is s l ightly higher 
( l iterature study in 1 3 ) . 

Mechanisms 

When seen in connection with different acc ident conditions , 
cervica l  spine injuries basically show two k inds of mechanisms 
( tables 9 and 1 1 ) ,  i .e .  

the c lear toss ing movement o f  the head with antero retro­
f lex ion movements of the cervical vertebra ( table 9 ) , 
in connection with tract ion force s ,  due to a decelerat ion 
of the head . I n  some cases , fractures and luxation 
fractures of the cervical spine were estab l i shed , without 
head impact , in rear - end impacts. With a belt-protected pas­
senger of advanced age , a dens-fracture could be observe d ,  
after a frontal impact o f  the car . 

Another mechan ism which i s  re spon s ible f or cervical spine injuries 
i s :  

the ' s l iding-up mechanism ' ,  a s l iding of the body wh ilst 
the head remains in a f ixed po s it ion , after an impact to 
the head ( tab le 1 1 ) . 
A rotation of the head around an axis in the impact point 
leads to a hyperflex ion , and to hyperexten s ion trauma of 
the cervical spin e .  Thus it destroys the bony and the 
l igamentary structure s by axial compres s ion of the 
cervical spine . 

As far as the distribution of injuries to the s ingle segments of 
the cervical spine is concerned , there is an accumulat ion in the 
region of the upper and lower cervical spine , e specially for 
f ractures and for luxation f ractures in the lower and upper 
region . These are often accompan ied by competit ive injuries of 
the remaining cervical spine and the sku l l  base . Thi s  is especially 
the case with pedestr ians and cyc l ists . 

According to a model demonstrat ion by F IALA ( quoted in 1 4 ) , the 
neck may be seen as an elastic rod , with j oints in C 1  and C6 . 
As conf irmed by our observations ,  hyperflexion then hyperex­
tens ion movements which occur in increas ing numbers in the region 
of these two segments ,  lead to injuries of the bony and . the 
l igamentary structures . Damage to several adj o ining segments were 
observed in approximately 2 5 %  of the injured person s .  Injured 
segments separated by unin jured segments ,  were estab l i shed only 
now and then , with fata l ly injured persons . In a study by ALKAR 
et a l . ( 1 5 ) , injuries of two non-adjacent cervical spine segments 
were found in three cases . The weaker l ink between occ iput and C 1  
permits luxations and luxation fractures . Our study demonstrates 
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the f act that persons over 30 years of age c learly face a higher 
r i sk for cervical spine injurie s . Children under 1 0  very rarely 
rece ive severe cervical sp ine injurie s . 

Our study proves that the conception of the ' whiplash inj ury ' 
can not be regarded as a c lear definit ion , but exc lus ively de­
scribes the causal mechani sms . Thi s , however ,  can not be 
e stabl i shed by the diagnosis of an examined patient . FAY and 
ABOTT ( 1 )  origina l ly u sed th is conception a lmost without exception 
for hyperextens ion injurie s ,  mainly whiplash movements of the 
neck . For juridical use , the meaning of thi s  conception wa s later 
broadened . In the case of any diffuse d iscomfort in the cervical 
spine region , in the absence of a morphological correlation , and 
in connection with an acc ident mechan i sm l ike a rear c o l l i s ion , 
a whiplash inj ury was diagnosed by the doctor . This diagnosis  
was accepted by insurance companies for any c laims result ing 
from an acc ident . Thi s  misunderstanding lead to biased s tatist­
ical statements in regard to cervical spine injurie s , as  they 
often included completely dif ferent inj ury type s . 

It is , therefore , suggested that future pub l ications d iv ide 
cervical spine injuries into two groups : 

1 .  morpho logical ly non-def inable , so-called 
di stortions (AIS 1 ) ; 

2 .  bony or l igamentary in j uries (AIS > 1 )  . 
The term ' whiplash ' should be used exc lus ively to descr ibe the 
causal mechan ism.  Only when comprehens ively appl ied , can the 
acc ident analyses eff ic iently serve as a measure in acc ident 
prophylaxis . 
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k i n d  o f  t r a f f i c  m e m b e r s  �@<a, 1 �"'"'�· 
injured persons 

total [n] 

occupants two-wheel-riders 

of cars 1 of trucks motorized l bicycles 

4085 453 4 2 2  300 

pedes- all 

tri ans persons 

499 5759 
r•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.• •.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.• •.•.·.•.•.•.•.•.•.•.·.·.·.·.·.•.·. ···············•• .•.·.•.•.•.•.•.• 

with cervical 

spine injuries 
1 ,9% 0,2% 3,3% 2,4% 3,4% 2,0 1 %  
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.... „..... • . . . • . . . • . • • . • • . 

• 
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.
... � ... --.:: 

whiplash injuries 

AIS = 1 

bony /ligamentary 

injuries AIS > 1 

1 ,3% 

0,6% 

-,- 0,9% 0,7% 0,2% 

0,2% 2,4% 1 ,7% 3,2% 

TABLE 1 :  FREQUENCY OF INJURI E S  TO THE CERVICAL SPINE 
(AIS = l / AIS > 1 )  ACCORD I NG TO THE TYPE OF 

TRAF F I C  PART I C I PATION 

1 ,04% 

0,97% 

frequencies 

[%] 
total 

persons with 

cervical spine injuries 

2 0  

1 0  

5 

� 

I 
I 

male 

female 
Rersons with 

\ /cervlcal spine injuries 
" \ AIS � 1 

\ 
\ 

\ 
\ r 

/ \ 
\ 
\ 
\ 

n=5237 

68,2% 

3 1 ,8% 

1 1  2 1  3 1  4 1  5 1  6 1  7 1  8 1  
� 1 0  -20 -30 -40 -50 -60 -70 -80 -90 >90 age 

TABLE 2 :  D I STR I BUTION OF AGE AND SEX FOR PERSONS 
WITH CERVICAL SP INE INJURIES ( A I S  � 1 )  
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n= 1 1 6 

56,9% 

43 1 %  



car-occupants without -l'.� . >-<. seat belts �§!O 
with �qi;:.� seating cervical  spine injur ies total  

posit ion A I S  = 1 AIS > 1 n % 

dr iver  . 1 , 6% 0 ,5% 1 3 3 9  5 5 , 5  
co-dr iver 2,  1 %  1 , 3 %  5 2 9  2 1 , 9 
rear 
occupant 1 , 5% 0,4% 5 4 4  2 2 , 6  

== == 

thrown out 
of vehicle 6 , 3 %  5 ,6% 1 2 6 5 , 2  

TABLE 3 a  

car-occupants with seat belts -l'.� . >-<. ��!O seating 
posit ion 

dr iver 

co-driver 
rear 
occ up ant 

thrown out 
of vehicle 

TABLE 3 b  

with cervical  spine injur ies 
A I S  = 1 

1 , 5 %  
3 , 6% 

- -' 

- -' 

AIS > 1 

0 ,4% 
0 ,8% 

- -' 

- -
' 

' 

total  
n 

9 4 2  

3 5 8  

3 4  

8 

TABLE 3 :  INJURY FREQUENCY OF THE CERVI CAL SPINE FOR CAR 
OCCUPANTS ,  ACCORDING TO SEATING POS I T I ON IN THE 
ACC I DENT CAR , WITH AND W I THOUT BELT U SAGE 
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�qi;:.� 

% 

7 0 , 8  

2 6 , 8  

2 , 6  

0 , 6  



-l:"" . >-<.. ��!O distr ibut ion of vehic le  impact regions 
�"lf:>� 

front s i d e  rear rol l  over others 

al l  

car occupants 6 6 , 3 %  2 4 , 7 %  3 , 9 %  3 , 8 %  1 , 3 %  

(n=4085)  

persons with  

cerv ical  spine 4 9 , 4 %  2 2 ,  1 %  8 @ 2 , 5 %  

injuries ( n = 7  7 )  

TABLE 4 a  

port ion of car occupants -l:"" . >-<.. �@!O 
main with cervical  spine injur ies �"lf:>� 

impact speed absorption A v [km/h] 

1 - 1 0  1 1 -3 0  3 1 -5 0  > S O  total  

l§n = 9  2:::::= §n = 6 3 0§E§n - 6 1 3� §n - 208�n - 1 593� 
c front 
0 

·-

C> 
- -

' 1 , 2 %  2 , 4 %  7 , 2 %  2 , 4 %  

Q) �n = 7 2  -n- 3 00§E§n - 2 8 4�n - 9 3�=n - 7 4 93 ... 

Q) s i d e  
-
(,) 

·-

.s:. 
Q) 
> rear  

- -' 

�n 1 5  

6 , 7 %  

1 ,0% 2 , 8 %  6 , 5 %  

n 7 6  n 3 8  n 1 .  

9 , 2 %  1 0, 5 %  1 6, 7 %  

( per sons each speed and impact region � 1 0 0  % )  
TABLE 4 b  

2 , 3 %  

n 1 4 1 � 

9 , 9 %  

TABLE 4 :  INJURY FREQUENCY OF THE CERVICAL SPINE ( AI S � l )  . FOR 
CAR PASSENGERS , DIV IDED BY REGI ONS OF VEHICLE IMPACT 
( TABLE 4 a )  AS WELL AS THE LEVEL OF SPEED ABSORPTION 
DUE TO THE COL L I S ION ( � V ) AND REG I ON OF VEHI CLE IMPACT 
( TABLE 4b ) 
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. TABLE S a  

TABLE Sb 

frequencies of injured bodyregions of car-occupants 

w i t h o u t  s e a t  b e l t s  

1 , 6 %  

2 1 , 3 %  

7 , 3 %  

6 , 9 %  

3 1 , 6 %  

5 0 , 0 %  

1 6 , 7 %  

1 2 , 5 %  

5 4 , 2 %  

6 8 , 7 %  

5 6 , 2 %  

5 0 , 0 %  

8 1  2 %  

-l'Q(. ��!II ��6"' 
n = 2 4  n = 1 6  �-
1 00 % 1 00 % 

persons with persons with bony/ 

all  persons whiplash injuries l igamentary lnjuries 

AIS = 1 A I S  > 1 

frequencies of injured bodyregions of car-occupants 

with seat belts 

2,5% 

20,8% 

6,8% 

6,0% 

1 
1 9,9% 

n= 1 3 39 1 00 % 

all persons 

59,3% 

1 4, 8 %  

40,7% 

n = 2 7  
1 0 0  % 

persons with 

whiplash injuries 

AIS = 1 

% 

7 1 ,4% 

2 8,6% 

4 2 , 9 %  

5 7 , 1 %  

persons with bony I 
ligamentary injuries 

A I S > 1 

TABLE S :  ACCOMPANYING INJURIES ON BODY OF CAR PASSENGERS 
WITH CERVICAL SPINE I NJURIES 
WITH ( TABLE Sb ) AND WI THOUT ( TABLE S a )  SEAT BELTS 
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.. . 
frequen c i e s  of injured bodyregions 

of two-wheel-riders 

2 , 9 %  

3 2 , 3 %  

1 5 , 4 %  

1 5 , 7 %  

8 1  3 %  

-l'Q(. ��IO �-=ii:."' 

4 7 , 6% 

4 2 , 9 %  

2 3 , 8 %  

9 0  5 %  

n = 7 2 2  n = 2 1 1 00 % 1 0 0  % 
persons with bony I 

a l l  persons l i gamentary injuries 

AIS > 1 

TABLE 6 :  ACCOMPANYING I NJURIES ON BODY OF TWO-WHEEL-RIDERS 
WITH CERVICAL SPINE INJURIES ( n= 7 2 2  � 1 0 0  % / n=2 1 � 1 0 0  % ) 

frequencles of injured bodyregions 

of pedestrians 

3 , 4 %  

3 5 , 1 %  

2 3 , 2 %  

2 7 ,  1 %  

8 1  6 %  

n = 4 9 9  
1 00 % 

a l l  persons 

8 8 , 2 %  

6 4 , 7 %  

6 4 , 7 %  

8 8 , 2 %  

n = 1 6  1 0 0  % 
persons wlth bony I 
l igamentary injuries 

AIS > 1 

TABLE 7 :  ACCOMPANYING I NJURIES ON BODY OF PEDESTR IANS 
WITH CERVICAL SPINE INJURIES ( n = 4 9 9  � 1 0 0  % / n=l 7 � 1 0 0  % ) 
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frequencies 

[ % ]  

4 0  

3 0  

2 0  

1 0  

a l l  pedestr ians ( n = 4  7 6) 

/ 
/ 

/ 
/ 

/ 
/ 

pedestr ians with 

, / cerv i c a l  s p i n e  

, i n j u r i e s  (n= 1 6 ) 
' 

AIS > 1 

-l'�<. � UFO !lJ 
�q�� 

1..-.----,.----.----.----.----,---c o l l i  s i on spe e d 
< 2 0  2 1 -40 4 1 -6 0  6 1 -8 0  > 8 0  [km/h] 

TABLE 8 :  ESTABL I SHED KOL L I S I ON SPEEDS FOR PEDESTR IANS WITH 
CERVICAL SPINE INJUR I E S  A I S  > 1 ,  I N  COMPARSION WITH 
COL L I S I ON SPEEDS OF THE TOTAL OF I NJURED PEDESTRIANS 

1wh ip lash1 

TABLE 9 :  KINEMATIC LEAD ING TO H I GH R I S K  FOR 
CERVICAL SPINE INJURIES 

30 



cervtcal spine fractures cervical spine luxation fractures 

two-wheel 
l: U FO 1U 

two-wheel car �"!ff>�· car 

occupants riders pedestrians ' occupants riders pedestrians 

total n l '  total n l '  total n l '  /"\,_ J " � total nl ' total n l '  total n l 1  

n= 1 0  n=4 n=4 n = 1  n=8 n = 1  ./.{/ "· . n = 1 6  n= 1 0  n = 1 3  n=6 n = 1 2  n=i:; 

1 1 C 1� 4 3 2 2 3 2 

4 1 1 1 1 C.2 1 1 2 2 

1 �� � 2 1 1 

"f/1�-:J � 
1 JC4 1 1 1 1 ' 'r� V> -:! � 

1 C S  

)/ 
3 2 1 2 c ' 2 2 

' 
1 1 4 1 C 7  3 2 2 2 

() 
with Th 1 1 1 1 1 1 1 1 
den 

unstabillty without specific locallsation 4 2 7 2 2 2 

3 1 
additional fracture o1 

3 
the base of the skull 

1 3 2 

1 1 7 
additional 

remaining vertebral 
2 2 5 

1 nl = with neurological lesion 

car-occupants n = 2 2  two-wheel-riders n = 1 4  pedestrians 

TABLE 1 0 :  TYPE AND LOCATION OF CERVICAL SPINE INJUR I E S  

n = 1 6  

( AI S  > 1 )  ACCORDING TO TYPE OF TRAF F I C  PART I C I PATION 

ventral/cranial 

head-impact 

s l id ing  of  
the thorso 

lateral/cranial 

TABLE 1 1 : KINEMATI C  LEAD I NG TO HIGH R I S K  FOR 
CERVICAL S P I NE INJUR I E S  
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