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The paper rewi ews 58 s irnulated 9 0  degrees car / c a r  s ide 
irnp a c t s  w i t h  pos t martern human sub j e c t s  ( PMHS ) . The c o l l i s i o n  
vel o c i ty arnounted 4 0 , 4 5 , 5 0 and 6 0  km/h , the s i tu a t i on o f  the 
b e l ted near-s ide pass enger was s irnul a t ed . PMHS in the age 
range o f  19 to 65 years were used . A c c e l e r a t i ons ( 1 -axial and 
3 � a x i a l  a c c ording to the 1 2 - a c c e l erorne t e r  array ) were rneasured 
at the thorax of the PMHS . 

The mean values o f  the a c c e l er a t i on rnaxirna o f  the l o c a t i ons o f  
lower s t ernurn , 8 th r i b  i rnp a c t  s ide , 1 2 th thorac i c  vertebra are 
higher than the corre sponding values o f  the l o c a t i ons of upper 
s ternurn , 4 th rib irnp a c t  s ide and at the l s t  tho r a c i c  vertebra . 

Only in 8 o f  the 5 8  conduc ted t e s t s  no r i b  f r a c tures oc curred . 
In the rernaining 50 t e s t s  1 up to 3 0  r i b  f r a c tures were 
observed . 

The nurnber o f  r i b  f r a c tu r e s  i s  on one hand depending o f  the 
age o f  the PMHS , on the o ther hand o f  the irnp a c t  sever i ty . The 
rib f r a c tures predominant l y  c o n cern the f ront- and rear region 
of the irnp a c ted body p a r t  and rnore r a r e l y  the f ar-side body 
region . Fragment f r a c tures at the irnp a c t ed body region and 
f r a c tures at the far-s ide body region o c curred in older PMHS . 

The mos t predominantly o ccurring f r a ctures were i n c ornp l e t e  and 
wi thout dis l o c ation . F r a ctures w i th transf i x i ng of the p a r i e t a l  
pleura and the lung r a r e l y  happened . 

In c a s e s  w i th nurnerous r i b  f r a c tures m o s t ly the 2nd to 9 t h  r i b  
o f  the imp a c t ed body region w a s  concerned . 

By inc luding 
inves tigated , 
injur i e s  in 

INTRODUCTION 

the f i l m  analys i s , the injury rnechani sm i s  
conne c t i o n s  o f  the load severi ty and tho r ax 

dependenc e t o  the age o f  the PMHS are exarnined . 

In the 9 0  degrees c a r / c a r  l at e r a l  c o l l i s ion i n  the area o f  the 
pas senger compartrnent the thorax of the bel ted near-side 
occupant is d i r e c t l y  c oncerned by the i n t ru s i on o f  the car 
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s ide . Dependent o f  the c o l l i s i on s e v e ri ty , r i b  f r a c tur e s  o c cur 
at the s ide o f  the thorax expos ed t o  the intrus i o n . Because o f  
the loading a symmetry and h i gher age add i t i on a l  r i b  f r a c tures 
o c cur a t  the f ar-s ide of the thorax . 

Thi s  is c o n f i rmed by r e a l  a c cident inv e s t i g a t i ons , a c cident 
reconstru c t i ons and s imul a t i ons ( 9 , 1 0 ) . I n  5 8  conducted 90 
degrees lateral c o l l i s i ons with PMHS the MAI S  was determined by 
the thorax i n j ury s ev e r i ty in 57 % o f  the c a s e s , thereby the 
rib f rac tures were dec i s ive . 

In r e a l  a c c ident analys e s  ( 7 , 1 1 )  as w e l l  a s  in exper iment a l  
s tudies o f  l a t e r a l  c o l l i s ions ( 6 )  u p  t o  now the l o c a t i on o f  r i b  
f r a c tures were no t inv e s ti g a t e d  i n  d e t a i l . 

The aim o f  t h i s  paper i s  t o  analyse r i b  f r a c tures a c c ording to 
the l o c a t i on , the k ind , the numb e r , the age of the PMHS , the 
col l i s ion sever i ty and the l oading . 

TEST SUBJECT S  

58 human m a l e  and f e m a l e  PMHS i n  the age range o f  1 9  up t o  6 5  
years were used as t e s t  sub j e c t s  ( Tab . 1 ) . The t e s t  sub j e c ts 
were l o c a ted in the pos i t i on o f  near- s i ded c ar pass engers and 
restrained w i t h  a 3-point b e l t . 

Tab . 1 :  T e s t  matrix a ccording the i mp a c t  v e l o c i ty and 
age o f  the sub j e c t s . 

IMP . VELOCITY AGE ( years ) 
( km / h )  ( n )  max . m i n . mean 

4 0  9 6 5  2 4  4 1  
4 5  2 0  6 4  2 5  4 2  
50 2 4  6 3  2 1  3 9  
6 0  5 5 0  1 9  3 2  

METHOD 

S tr i king v e h i c l e : 
The s t r ik ing veh i c l e  was a c a r , the f r o n t  o f  which car r i ed a 
spec i a l  d e f o rmat i on e l ement ( 3 ) . The d e f ormat i on behavi our o f  
t h i s  e l ement corresponds t o  the front s tr u c ture o f  a midd l e ­
c l ass Europe an c a r  a t  a frontal impac t  ( 2 ) . E a c h  e l ernent w a s  
only used f o r  one t es t .  The m a s s  o f  t h e  c ar amounted 9 5 0  k g  and 
was a c c e l er a t ed by means of a f a l l ing w e i g h t . The v e l o c i ty o f  
the s t r i k i ng veh i c l e  amounted 4 0 , 4 5 , 50 and 6 0  km/ h .  

S truck vehi c le : 
An Opel Kad e t t  body-in-wh i t e , mounted onto a mov a b l e  p l a t f orm 
( do l ly ) was used as the s truck veh i c l e  ( 3 ) . The m a s s  o f  t h e  
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struck vehi c l e , cons i s t i ng o f  dolly , c a r-body , s e a t , t e s t  
sub j e c t  and supp l emental rn a s s  a l s o  amounted 9 50 kg . The v eh i c l e  
was irnpacted under a n  ang l e  o f  9 0  degr ees and w a s  used f or both 
s ides ; the veloc i ty of the s truck veh i c l e  was 0 km/ h .  

MEDI CAL INVESTIGATION 

The external and i n t e r i o r  i n j u r i e s  of the thorax were docu­
mented by rneans o f  a word protoc o l .  Furthermore , a s k e l e ton 
sketch w i t h  the l o c a t i o n  o f  the r i b  f r a c tures was made . By 
that , on each thorax s ide 1 0  regions were def ined ( Tab . 2 ) . 
Five types of f r a ctures o ccurred ( incomp l e t e , wi thout d i s ­
locat ion , w i th d i s l oc at i on , comminuted , trans f i xing o f  the 
par i e t a l  pl eura or of the lung ) . The i n j ury s everi ty was 
s c a l ed in accordance w i th the AIS 1 9 8 5  ( 1 ) . 

Tab . 2 :  Regions to d e f ine the l o c a ti o n  o f  r i b  f r a c tures . 

Reg . 1 : paravertebral 6 : up to front axi l . l ine 
2 : up to parave r t eb r a l  7 : up t o  medi o c l av . l ine 
3 : up to med . s c apul . l ine 8 : c a r t i l age-bone trans . 
4 : up to rear axil . l ine 9 :  c a r t i l age 
5 :  up to med . ax i l . l ine 1 0 : parasternal 

RESULTS 

Deformat i on at the outs i de of the impacted vehi c l e  

The rema ining deformation o f  the vehi c l e ' s  l a t e r a l  s ide i s  
shown in F i g .  1 f o r  the individual v e l o c i ty group s . The 
de format i on lines o f  the individual v e l o c i ty groups corre spond 
to the med i um d e f o rm a t i on of several individual t e s t s . As 
expec ted , one c an recogn i z e  that the d e f o rm a t i on in the average 
increases w i th the v e l o c i ty in all three measuring point 
leve l s . 
No d i f f  erence o f  the s ide o f  the s truck veh i c l e  was n o t i ced 
be tween the right and l e f t  impa c t s , ther e f o r e  the r e s u l t s  o f  
the l e f t  and righ t - s ide i mp a c t s  are summari z ed . 

Imp a c t  v e l o c i ty o f  the intruding c a r - s i d e  to the thorax 

In the present c o l l e c t iv e  the impact v e l o c i ty o f  the i n t ruding 
lateral car-s ide to the thorax was evaluated by integra t i on o f  
the measured a c c e l er a t i on a t  t h e  middle o f  the door . In the s o  
determined v e l o c i ty-t i m e - h i s tory the v e l o c i ty value w a s  r e a d  in 
the moment o f  the start of the a c c e l e r a t i on s ignal o f  the 4 th 
rib imp a c t  s ide . From t h i s  value the ve l o c i ty o f  the d o l l y  was 
subtracted a t  the time conside r ed . 

The i n c l u s i on o f  further l a t e r a l  c o l l i s i ons ( EURO S ID - t e s t s  
( 4 ) ) ,  whereby the v e l o c i t y  w a s  not only evaluated f rom the 

a c c e l er a t ion but a l s o  d i r e c t l y  measured , l e ads to the con­
c lusion that the c o l l i s ion v e l o c i ty o f  the intruding l a t e r a l  
car-side agains t the thor ax amounts A v = 3 0 - 4 0  km/ h .  
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Fig . 1 :  Permanent deformation of the irnpact zone 
in 3 hori zontal planes ( as i llustr . at top ) 
according the irnpact speed ( 4 0 km/ h :  9 tests , 
4 5  km /h:  1 4  tests , 5 0  km /h: 2 1  te s t s , 
6 0  km /h:  3 te s t s )  . 
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Thorax a c c e l e r a t i ons 

Fig . 2 s hows the mean values and the s tandard dev i a t i o n s  of the 
3 ms a c c e l e r a ti on values for t h e  4 t h  and 8 th rib of t h e  impac­
t ed s ide , l ower and upper s te rnum a s  w e l l  a s  for the r e s u l t a n t  
a c c e l e r a t i o n  o f  t h e  l s t  and 1 2 th t ho r a c i c  v e r t ebra c l as s i f i e d  
a c cording t o  t h e  c o l l i s i o n  v e l oc i ty . T h e  i l l u s t r a t i on s  show 
tha t in a l l  v e lo c i ty groups the 8 th r i b  in the average has 
higher 3 ms values than t h e  4th r i b . S im i l a r  behaviour i s  
obs erved f o r  the measuring l o c a t i on s  a t  the lower s te rnum and 
the upper s ternum as w e l l  as f o r  the r e s u l t a n t  of the 1 2 th 
thorac i c  v e r tebra to the l s t  thor a c i c  v e r t ebra . Fur the rmore , 
the exp e c t ed increase o f  a l l  measuring l o c a t i o n s  a cc ording to 
the v e l o c i t y  was n o t i ced . 

V i scous C r i t e r i on ( VC )  and Tho r a c i c  Trauma Index ( TTI ) 

Fig . 3 s hows the mean values and the s tandard devi a t i o n s  o f  t h e  
V C  ( 5 )  eva l u a t ed f rom the a c c e l e r a t i o n  a t  t h e  8 th r i b , i mp a c t  
s ide and t h e  TTI ( 6 ) . The i l lu s t r a ti o n  indi c a t e s  t h e  exp e c ted 
increase o f  the VC as well a s  of the TTI wi th i n c r e a s ing 
col l i s i on v e l oc i t y .  Thi s  i n c r e a s e  is s teeper i n  the v e l o c i ty 
group f rom 5 0  km/h to 6 0  km/ h .  
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Fig . 3 :  Mean values and s tandard dev i a t i ons o f  VC8 and TTI 
ac cording to the c o l l i s i o n  v e l oc i t y .  
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Thorax i n j u r i e s  

R i b  f r a c t u r e s  w e r e  t h e  m o s t  f r equent i n j u r i e s  obs erved ; 
predominan t l y  o ccurred f r a c tures wi thout d i s l o c a t i on and 
incomp l e t e  f r a c tures . Frac tur e s  wi th t r a n s f ixing of the 
par i e t a l  pleura or the lung r a r e ly o c curred , and in one c a s e  a 
comminuted f r a c ture . 

Only in 8 o f  the 5 8  t e s t s  no r i b  f r a c tures o c curred ( 2  t e s t s  
with 4 0  km/ h , 2 t e s t s  w i t h  4 5  km/ h ,  3 t e s t s  w i t h  5 0  km / h ,  1 
t e s t  w i t h  6 0  k m / h ) . In one t e s t  a lung contus i on o c curred and 
in ano ther a s c apul a - c l av i c u l a - j o in t  bur s ted open . In 3 c a s e s  
the c l av i c u l a  o f  t h e  impac t ed body s ide w a s  f r a c tured . 

Fig . 4 s hows the number o f  r i b  f r a c tu r e s  c l a s s i f ied acc ording 
to the age of the t e s t  sub j e c t s  and the c o l l i s i on v e l oc i t y . For 
all col l i s ion v e l o c i t i e s  the exp e c t e d  i n c r e a s e  of the number of 
rib f r a c t u r e s  can be n o t i c e d  w i th i n c r e a s ing age . The 
corr e l a t i o n  c oe f f i c i en t s  lay b e tween 60 % and 90 % .  On the 
other hand t e s t  sub j e c t s  with t h e  s ame age show s c a tt e r i ngs in 
the number o f  rib f r a c tu r e s  which a l s o  has been obs erv ed in 
frontal col l i s i ons with b e l t ed PMHS ( 8 ) . 

The eva lua t e d  regr e s s i on s t ra i gh t  l in e s  show a n o t i c ea b l e  
s teeper i n c r e a s e  w i t h  increas ing c o l l i s ion v e l o c i ty . 

The injury s ever i ty according to A I S  o f  the thorax was nearly 
almes t d e t e rmined by the numbe r  o f  rib f r a c t ur e s . Tab . 3 shows 
the frequency d i s tribution of the A I S  values c l a s s i f  ied a c cor­
ding to t h e  v e l o c i ty . 

Tab . 3 : Frequency o f  AIS -Thorax a ccording t h e  imp a c t  v e l o c i ty 

IMP . VELOCITY FREQUENCY A I S -THORAX 

( km / h )  0 1 2 3 4 

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

A thorax A I S  4 ( f l a i l  e h e s t )  was suppos ed w i t h  1 5  r i b  
fracture s .  P leura tran s f ixings or lung injuri e s  can lead t o  an 
AIS 4 value of the thorax inj ury s e v e r i ty at a l e s s e r  number o f  
rib f r a c ture s . This o c curred i n  3 c a s e s  w i th r i b  f r a c tures i n  
the inv e s t i ga t ed c o l l e c t i v e . 
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Injury mechani c s  o f  the r i b  f r ac ture s  

Dec i s iv e  for the i n j ury mechan i c s  o f  the impac t - s i d e  r i b  
fractures i s  the f o r c e  i n f luence t o  t h e  thorax c a u s e d  b y  i n ­
trus ion o f  the c a r  s ide . C o n s i d e r a b l e  d e f ormat ions a t  t h e  near­
s ide thorax s ide o c cur , a s  a l s o  s e en i n  f i lm analys e s , c au s i ng 
maximum loading s trains i n  the f r a c ture a r e a  o f  the r i b s . 

For the more rarely r i b  f r a c tures a t  the f a r - s ide o f  the 
thorax , above a l l  the t ransmi s s ion of loading s tr a i ns to the 
f ar-side of the thorax i s  taken i n t o  c on s i d e r a t i on as i n j ury 
mechan i s m ,  e s p e c i a l ly at asymme t r i c a l  thorax l oad ( e . g .  the 
r o t a t i on of the t e s t  sub j e c t  during the c o l l i s i o n  pha s e ) .  

Frequency o f  the f r a c tures a t  the r i b s  1 - 1 2  

I f  one considers the frequency o f  the f r a c ture s  a t  the s in g l e  
r i b s  1 to 1 2  a f t e r  summ ar i z ing t h e  right a n d  l e f t  thorax s ide , 
a d i s t r ibution a s  i l l u s t r a t ed i n  F i g . 5 r e l a t e d  t o  the v e l o c i ty 
range o f  4 0  km/h to 60 km/ h  o c c ur s . 

In more than 5 0  % of the c a s e s  the r i b s  2 to 9 were f r a c tured ; 
mos t  f requently ( about 8 0  % )  f r a c tures o c curred a t  the r i b s  3 
to 6 .  

The lowe s t  f requency o f  f r a c tures i s  r e c ogni z ed for the l l th 
and 1 2 th r i b  wi th 1 5 , 5  % and 5 , 2  % .  A f r a c t u r e  o f  the l l th r i b  
occurred i n  s ingle c a s e s  f o r  a l l  v e l oc i t i e s , the 1 2 th r i b  w a s  
only f r ac tured i n  3 c a s e s  ( two t i m e s  a t  4 5  k m / h  and o n e  t ime a t  
6 0  km/h ) . 

An evaluat ion o f  the l o c a ti o n  o f  the r i b  f r a c tures r e l a t i v e l y  
to t h e  f ro n t  and rear s ide o f  t h e  thorax in t h e  v e l o c i ty range 
4 0  km/h to 60 km/h i s  shown i n  F i g . 6 for the inve s t ig a t ed 
c o l l e c t ive . 

I t  i s  n o t i ce a b l e  that the m o s t  f r eque n t ly f r a ctured r i b s  3 t o  6 
show nearly the s ame f r a c ture f requency i n  the r e a r  and fron t a l  
thor a c i c  r e g i on . Above t h e  J rd and b e l ow t h e  6 t h  r i b , howev e r , 
the f r a c tu r e s  a t  the rear s id e  o f  the thorax are predominan t .  
For anatom i c a l  reasons , a t  the r i b s  1 1  and 1 2 ,  only f r a c t u r e s  
a t  t h e  r e a r - s i d e  o f  t h e  thorax can occur , b e c a u s e  b o t h  r i b s  
don ' t  reach o v e r  t h e  medium axi l l ary l in e  t o  t h e  fron t .  A l s o  
the extension o f  the r i bs 8 t o  1 0  r e a c h e s  l e s s  f ar to the 
front s ide as the ribs lying above . 

Thes e  three r i bs are conn e c t ed by a c a r t i l ag i nous p a r t  w i t h  the 
costal arch and have , i n  oppo s i te to the r i bs 1 to 7 ,  no d i r e c t  
connec t ion w i th the s t ernum . T h i s  leads to t h e  conc lus i on t h a t  
f or t h e  r i b s  7 to 1 0  under l a t er a l  l oad , l e s s er bend i ng 
s trains are to be exp e c ted i n  the front thorax . A s im i l a r  
behaviour exi s ts f o r  f r o n t a l  loads . 
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Frequency of r i b  f r a c tures a c cording t o  the l oc a t i on 

Fig . 7 shows the f r equency a c cording t o  the l o c a t ion o f  the 
f r a c tu r e s  o f  e a c h  rib in various thorax regions in the v e l o c i ty 
range 4 0 - 6 0  km/h . Ten regions in the impac t e d  thor ax- s i de w e r e  
def ined i n  o r d e r  t o  r e c ord the e x a c t  l o c a t i on o f  t h e  r i b  
frac tures . They a r e  exp l ained i n  the i l l u s t r a t i on text . 

Mos t  frequently r i b  f r ac t u r e s  in the r e g i ons up t o  the f r o n t a l  
axi l l ary l ine ( r egion 6 )  and u p  to t h e  par avertebral r e g i on 
( region 2 )  occurred . The r i bs 2 t o  9 a r e  m o s t l y  concerned . 

whereas the 5 t h  r i b  in the region up t o  the f r o n t a l  axi l l ary 
l ine showed the hiqhe s t  f requency ( wa s  f r a c tured in 31 PMH S l . 
S omewh a t  sma l l e r  f r equenc i e s  were o b s e r v e d  i n  the paraver t eb r a l  
region ( region 1 ) , t h e  s l ight e s t  f requen c i e s  in t h e  regi ons 
from the medi o-c l av i c u l ar l ine ( r e g i o n  7 ) up to the c a r t i l age 
( region 9 ) . In no c a s e  a par a s t ernal f r a c t u r e  o c curred ( re g i on 

1 0 )  . 

D I S CU S S ION 

The analys e s  of the a c c e l er a t ion v a l u e s  at the 4th and 8 th r i b  
has s hown t h a t  t h e  values a r e  about 2 8  % h i gher i n  the 8 th 
r i b . Thi s can be explained by the a n a t omy o f  the thorax whi ch 
i s  char a c t e r i z ed by a form g e t t ing broader downwards . 

The 8 th r i b  i s  t h e r e f o r e  c l o s e r  t o  t h e  i n t rudinq c a r - s i de t h a n  
t h e  4 th r i b  and i s  t h e r e f o r e  loaded e a r l i e r  and s trenger . A l s o  
the a c c e l e r a t i ons a t  s p i n a l  c o l umn and s ternum corre s pond 
with the c o n c l u s i o n  that the loading of the bony thorax i s  
l e s s er i n  the uppe r  than i n  the l ower par t .  

Addi t i on a l ly , the intrus i on maximum i s  higher a t  the l e v e l  o f  
the 8 th r i b  than a t  the level o f  the 4 t h  r i b ;  a l s o  a r e a s on t o  
expe c t  a higher load a t  the 8 th r i b . D i f f e r e n c e s  i n  the s e a t i n g  
heiqht and t h e  individual thorax f orma t i on l e a d  t o  a n  
ove r l apping o f  t h e  anatomi c a l ly c a u s e d  p o r t i on o f  the l o a d i ng 
d i f f e r enc e s , f o r  the p a r t  d e ter�ined by the intru s i o n  
geometry . The r e f o r e  and f o r  other r e a s ons o f  the ind i v i d u a l  
anthropome try , s igni f i c a n t  overl appings o f  the l o ading v a l u e s  
at the 4 th a n d  8 th r i b  w e r e  observed . 

In the s e  t e s t s , the imp a c t  v e l o c i t y  o f  t h e  intruding s ide t o  
the thorax amounted 3 0  t o  4 0  k m / h  ( v )  i n  t h e  a r e a  o f  t h e  
middle o f  t h e  door ( intrus i on maximum ) . T h i s  l oading v e l o c i ty 
of the n e a r - s i de p a s s enger was a l s o  e v a l u a t e d  by r e a l  wor ld 
c a r / c a r  l a t e r a l  i mp a c t s  by Thomas e t  a l . ( 1 1 ) . 

In nearly a l l  t e s t s  ( 8 6 % )  r i b  f r a c t u r e s  o c curred . They were 
mainly f ound a t  the near - s i de and , w i t h  excep t i ons a l s o  a t  
the f ar - s ide o f  the thorax . The d e t a i l e d  a n a l y s e s  showed t h a t  
above a l l , the r i b s  2 t o  6 were c o n c e rned ; a s i mi l ar 
d i s tr i bu t i on was d e s c r i bed by Thomas e t  a l . ( 1 1 ) . In the p r e s e n t  
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c o l l ec tive , the 4 th r i b  was m o s t  f reque n t l y  f r a c tured ( 8 3 % )  ; 
in the paper o f  Thomas e t  al . ( 1 1 )  i t  w a s  the 5 th r i b . 

At the 8 th r i b , whe r e  a s  already m e n t i oned , h igher loads o f  
about 2 8  % e x c e s s  were measured , only 7 0  % o f  the c a s e s  showed 
frac tures . Thi s  contradic tory behavior however a l s o  f inds an 
expl anation i n  anatom i c a l  reasons , d e t erminant for the 
biome chan i c a l  r e a c t i on : the 4 th r i b  ( a s w e l l  a s  the r i b s  1 to 
7 )  s t ands , above a more or l e s s  o s s i f i ed c a r t i l ag inous part , in 
direct connec t ion with the s ternum and produ c e s  a deforma t i on 
of the thorax i n  x-d i r e c t i on a t  a l a t e r a l  load . Thereby 
maximum loading s tr a i n s  in the area of the f r o n t a l  and rear 
thorax regions occur . A c c ording t o  tha t , these are the regions 
where rib f r a c tures are to be exp e c t ed and were a c tu a l l y  
observed . The anatom i c a l  s i tu a t i on o f  t h e  8 th r i b  i s  d i f f e r e n t  
compared to t h e  4 t h  rib . The 8 th r i b  gener a l l y  has no d i r e c t  
conne c t i on t o  the s ternum . I t  r e a c h e s  up t o  the c a r t i l aginous 
part o f  the 7 th r i b , and s ometimes to the 6 th r i b , and f orms 
with tho s e  two r i bs the c o s t a l  arch and i s  there f ore f in a l l y  
connec t ed w i th the s ternum . At t h e  8 th r i b  lower bending 
strains exi s t  a s  in the 4th r i b  because o f  the c onn e c t i on o f  a 
longer area w i t h  a b i gger deform a t i on t o l erance . Ther e f o r e , 
despite o f  higher a c c e l er a t i o n  v a l u e s  a smal ler number o f  
fractures o f  the 8 th r i b  w a s  observed . The analys i s  o f  the 
frac ture l o c a ti o n  at the front and rear thorax c on f i rm s  the 
biomechan i c a l  expl ana t i on . 

At the thorax fron t , where a b i gger d e f o rm a t i on t o l er a n c e  c a n  
b e  expec t ed b e c a u s e  o f  the l onger c onne c t i on o f  the 
c a r t i l ag i nous par t , r i b  f r a c tu r e s  o c curred more rarely than a t  
the rear s ide . A t  the rear , the 8 th r i b  i s  c o nn c e c t ed w i th the 
spinal c olumn in the s ame manner as the r i b s  lying above 
( espe c i a l l y  a l s o  the 4 th r i b ) . 

CONCLUS IONS 

1 .  The topograph i c a l  d i s tr i bu t i on and 
fractures i n  the l a t e r a l  c o l l i s ion show 
pattern which i s  d e termined by the ana tomy 
geome try . 

f requency o f  r i b  
a char a c t er i s t i c a l  

and the intrus i on 

2 .  The f r equency o f  r i b  fractures o f  the 4 th and 8 th r i b  i s  n o t  
proportional to t h e  loads measured a t  the s e  r i b s . 

3 .  In the pred i c t ion o f  the thorax i n j ury s e v e r i t y  and the 
us ing of r i b  a c c e l er a tions the s e  c ir c um s t a n c e s  have to be 
cons idered . 

91 



ACKNOWLEDGEMENT 

The support of the " Arbe i tsgem e i n s c h a f t I ndus tr i e l l er 
Forschungsvereinigungen e . V . " i s  g r a t e f u l l y  acknowledged . 

REFERENCES 

1 A I S  8 5  Gene r a l l i  TA e t  a l . ( 1 9 8 5 )  
Abbrevi a ted I n j ury S c al e ,  1 9 8 5  Revi s i on AAAM 

2 Gabb e l s  DR ( 1 9 8 5 )  The CCMC D e f ormable B a r r i e r  f o r  
L a t e r a l  Col l i s ion Te s ting . l O th I nt ern . Techn . 
Conf . on Exper . S a f ety Veh . Oxf o r d / Eng l . 

3 Ka l l i er i s  D ,  Mattern R ,  Härdle W ( 1 9 8 6 )  B e l a s tung sgrenzen 
und Ver l e tzungsmechani k  d e s  angegu r t e ten P kw- I n s a s s e n  
S e i t enaufpra l l . P h a s e  I I :  Ans ä t z e  für Ver l e t zungsprädik­
tionen . FAT- S chri f tenreihe Nr . 60  

4 Kal l i e r i s  D ,  Mat tern R ,  Här d l e  W ( 1 9 8 9 )  Verha l t en 
des EURO S I D  beim 9 0 -Grad- S e i t enauf p r a l l  im Ver­
g l e i ch zu PMTO sowie U S - S I D , HYBR I D  I I  und APROD . 
FAT S ch r i f tenreihe Nr . 7 9  

5 Lau IV , DC Vi ano ( 1 9 8 6 ) The V i s cous C r i t e r i on-B a s e s  and 
Appl i c a t i ons of an I n j ury S everi ty Index for S o f t  
T i s s ue s . Proc . 3 0 th S tapp C ar C r a s h  Conf . 

6 Morgan RM , Marcus JH , Eppinger RH ( 1 9 8 6 )  S ide 
Impac t  - The B io f id e l i ty of NHTS A ' s  Proposed ATD 
and E f f i c i ency of TTI . P r o c . 3 0 th S tapp Car C r a s h  Conf . 

7 Rouhana SW , F o s t e r  ME ( 1 9 8 5 ) L a t e r a l  Impact - An 
Ana lys i s  o f  the S t a t i s t i c s  in the N C S S , 2 9 th S tapp 
Car C r a s h  Conf . ,  Washington DC 

8 S chmidt GG , K a l l i e r i s  D ,  B a r z  J ,  M a t tern R ,  
S c hu l z  F ( 1 9 7 8 ) B e l a s tbar k e i t sgrenze und Ver l e t zungs ­
mechani k  des angegurteten F ahrzeugs ins a s s en . 
FAT- S c hr i f tenreihe Nr . 6 

9 Tarriere C ,  Hue B ,  Fayon A ,  Wa l f i sh G ( 1 9 8 2 )  L a t e r a l  
Accidents J o i n t  B i omechan i c a l  R e s earch Pro j e c t  KOB . 
Unf a l l - und S i cherhe i t s f or s chung , S tr a ß enverkehr : 3 4  

1 0  Tarriere C ( 1 9 8 5 )  Recons t u c t i o n s  o f  f ive Rear- L i f e  
S ide I mp a c t  C o l l i s ion A c c i d e n t s  - Continuation o f  
KOB D a t a  Evaluat i o n . FAT S c hr i f tenreihe Nr . 5 8  

1 1  Thomas C ,  Henry C ,  Har teman F ,  P a t e l  A ,  Got C ( 1 9 8 7 ) 
I n j ury P a ttern and Parameters t o  A s s e s s  Seve r i ty 
for Occupants Involved in C ar - to-Car L a t e r a l  Im­
pac t s . l l th I n t ern . Techn . C on f . on Exper . S a f e t y  
Veh . , A r l ington , Virg i n i a  

92 


