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Wi t h i n the frame of the Joi nt  B i omec h an i c a l  Research Proj ect , f i ve act u a l  
l atera l  c ar t o  c ar c o l l i s i on s  were rec o n s tructed by me ans o f  1 8  durrmy test s  
and 1 4  c ad aver test s . A f i r s t  synt h es i s  o f  the res u l ts obtai ned was pre­
sented i n  the  summer of 1 98 1 . Add i t i o n a l  research efforts  were thought de­
s i r ab l e  ; corres pond i ng  res u l t s , b ased on the avai l ab l e  data materi a l , are 
the s u b j ect of th i s  commun i c ati o n . 

I NTRODUCT I O N  

F i ve act u a l  l ater a l  c ar t o  c a r  co l l i s i on s  were rec o n s tructed seve r a l  t i mes 
wi t h  dummi es  and c ad avers i n  the  f r ame of the " Jo i nt B i omec h an i c a l  Research 
P roject KOB " . These acc i dents  were s e l ected bec a u s e ,  as regards t h e i r v i o­
l ence , they are re pre sent at i ve of those  actu a l  acc i dents  for wh i c h the sa­
fety pro b l ems are  bei ng stud i ed and  i mprovements  are l i ke l y  to be  eff i ­
c i ent . 
Acc e l eromet r i c mea s u rements  were performed on the di fferent body segments  
of dummi es and  c adavers  ; p o s t -martern ex ami n at i on s  were made sy stemat i c a l l y  
for eac h c ad aver , a l l owi n g  compar i son  of i n j u r i es  wi t h  t h o s e  of the actu a l  
v i c t i ms . 
As regards  vehi c l e  deformat i on s ,  a l l the  recon struct i on s  were est i mated s a ­
t i sfactory concern i n g t h e  deformat i on s  o f  the  s i de-wa l l of the s t r u c k  car , 
at the l ev e l  of the occu pant seated on the  si de of i mp act . 
Great di ffe rences were found between the  PART 572  dummy and c ad avers  for 
a l l body segment s , except for the pe l v i s ,  confi rmi n g  t h at t h i s dummy i s  
un s u i tab l e  for u se i n  s i de c o l l i s i on s . 
The  di fferences  observed i n  i n j ury l eve l s  between the di fferent c ad avers 
were acc u r at e l y  ex p l a i ned by d i fferences  i n  the i r bone condi t i on s . T ak i ng 
i t  i nto  account , the l es i o n a l  l eve l s s u s t a i ned by the rea l  v i ct i ms and the  
c ad avers  were very coherent at  t ho r ax and  pe l v i s l eve l s .  
The  an a l y s i s confi rms that def l ec t i on of the thorax , tak i n g i nto  account  
the bone condi t i on of  the s u b j ect s ,  i s  the  par ameter the  more r e l ated to  
the i n j u ry sever i ty l eve l  of  the  thorax . 

* The synt h e s i s of th i s wor k  was performed by the L aboratory of Phys i o l ogy 
and B i omech an i c s .  
The  researc h was su pported i n  part by CCMC , BAST and FAT contract s . 
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As  regards  pel v i s ,  on l y  few l es i o n s  were found and the h i gh va l ues  recorded 
for the p e l v i s  acc e l erat i o n s  wou l d  s eem to i nd i c ate t h at the t o l e r ance of 
l i v i n g per s o n s  i n  si de co l l i s i o n s  mi ght  be h i gher t h an 1 00 g/3 ms . Acc i den ­
to l og i c a l  an a l ys i s  and rec o n s t r u ct i o n s  wi th  c ad avers  po i nt out t h e  neces s i ­
ty of u s i n g  a spec i f i c  abdomi n a l  cri teri on  for protect i n g abdomi n a l  area .  
The compar i son of res u l t s  obt ai ned i n  the  frame of t h i s program wi t h  t h o se 
of FAT/H E I DE LBE RG study for i n st ance , shows g l o b a l l y  a good agreement  ; t h e  
k i nemat i cs a n d  l oad i ng s  o f  dummi es  a n d  c adavers  are di fferent i n  m o s t  o f  
t h e  body regi o n s  i n v e s t i g ated . Th at i s  the  rea s on why s pec i f i c  dumm i e s  h ave 
to be u s ed as t e st devi ces  for s i de i mp act s i mu l at i o n s . 

I .  THE  SELECTED CASES AND THE I R  COMPAR I SON W I TH ACTUAL ACC I DENTS 

1 .  Descr i pt i on of s e l ected c a s e s  

F i v e  act u a l  l at e r a l  c a r  t o  c ar co l l i s i on s  were recon structed i n  the  fo l ­
l owi n g  way : 
- PEUGEOT 304/RENAULT  1 5  

3 wi t h  A PROD dummy and 
- PEUGEOT 504/C I TROEN LN 

3 w i t h  c ad a vers ) ; 
- PEUGEOT 504/PEUGEOT 504 

3 wi t h  c adaver s ) ; 
- L E Y LAND M I N I /FORD CAPR I 

3 wi t h  c ad aver s ) ; 

1 2  reconstruct i on s  ( 6  wi t h  PART 5 7 2  dummy , 
3 wi t h  c ad avers ) ; 

7 recon struct i o� s ( 4  wi t h  PART 572  dumrry and 

8 reconstruct i o n s  ( 5  wi t h  PART 572  dumrry and 

8 rec o n s t ruct i ons  ( 5 wi t h  PART 572  dumrr.y and 

- FO RD TAUNUS/VOLKSWAGE N PASSAT : 7 reconstruc t i o n s  ( 5  w i t h  PART 572 dummy 
and 2 wi t h  cad aver s ) .  

The  mai n ch aracter i st i c s  of these  co l l i s i on s  are summari zed i n  t ab l e  1 .  
These  c a s es be l ong  to a part i c u l ar s u b - s amp l e  of the  c ar occu p a n t s  i n vo l ved 
i n  s i de co l l i s i on s  ; they are a l ways near s i de i mp act occ u p ant s ,  w i t h  i nt r u ­
s i on of the  pas senger compartment concern i ng t h em .  

2 .  Compar i son  wi th  act u a l  acc i de n t s  

The fi gure 1 shows the cumu l at i ve frequenc i es o f  the vari at i on i n  ve l oc i ty 
for the  s truck  car  ( .d V ) for l atera l  c o l l i s i o n s  i nvo l v i ng n e a r s i de occu ­
p a n t s  w i t h  i n trus i on .  For i n s t an c e , wi t h  a fJ.V o f  2 5  km/ h , t he f o l l ow i n g  
popu l at i on wi l l  b e  concerned : 
- 55  % of the  occupants  i n v o l ved , 
- 35  % of the ser i ou s l y  i n j u red , APR data  ( 1 )  
- 1 0  % of the  f at a l l y  i nj u red . 
One may see that the se 1 ected c ases  are not extreme as regards the i  r .6 V ; 
for i n st anc e ,  b.V for 304/ R l 5 c o l l i s i on i s  s uc h  t h at 65  % of !).. V for a l l 
c o l l i s i on s  i n vo l v i n g  nears i de occu pants  are l ower , but 45  % i f  we con s i der 
o n l y  acc i dent s  wi th  ser i ou s l y  i nj ured peo p l e  and 1 5  % for k i l l ed peop l e .  
So , from t h i s APR d i str i but i on  ( F i gure 1 )  and from H annover data ( 2 ) , these  
acc i dents appeared to  be i nterest i n g for recon struct i on s , as they corres ­
pond to a vi o l ence for wh i c h  s afety i mp rovements  are l i k e l y  to be effi ­
c i ent . 
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i ntru s i on vers u s  !:lV o f  i mp acted veh i c l e  

I I .  PARAMETERS MEASU RED AND METHODOLOGY 

In the  act u a l  acc i dents  : 
For most of the cases , the  fol l owi n g  data  were co l l ected i n  actu a l  acc i ­
dents : 
- The  type of ve h i c l es and year of manufac t ur i n g ,  

7 0  

A n  e s t i mat i on of the  co l l i s i on s peed and ang l e  between the d i rect i on s  of 
the  two c ar s , 

- A s k etc h p l an of the acc i dent , 
- The l oc a l i z at i o n s  of contact poi nts  on the c ar s , as we l l  as the extern a l  

and i ntern a l  deformati on s  of t h e  two cars , 
- The  areas  of cont act i n  the  passenger compartment , 
- The numb er of occu p an t s , t h e i r  anth ro pomet r i c a l  c h aracteri s t i cs  and a 

det a i l ed descr i pt i on of the i n j uri es  s u st a i ned by them ,  
- U t i l i z at i on ( or not ) of restrai nt systems . 
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I n  the  recon struct i on s  : 

- For the cars  

Acc e l erometers were fi xed on  the structure s  of  the  cars  at  spec i f i ed l oc a ­
l i z at i o n s  : 
- B - p i l l ar : acce l erometers  on the l eft and ri ght  B - p i l l ar s  for bot h c ar s  

( stri k i ng a n d  struck ) ,  
- A - p i l l ar : one acce l erometer  for the struck  c ar ,  
- Rear-cross  member : a t r i ax i a l  acce l erometer on t h e  f l oor a l ong  the  l on -

gi tudi n a l  ax i s  of the s t r u c k  c ar ,  
- Doors : four u n i axi a l  acc e l erometers on the  door of the  struck  car  

( i mpacted s i de ) . 
- For the occ u p a n t s  

The  par ameters recorded on the  h uman surrogates  were the fo l l owi ng  
- For the dummi es  ( Hybr i d I I  and APROD ) 

- one tri axi a l  acce l erometer at the center of g r a v i ty of the head , 
- one tri axi a l  acc e l erometer i n  the  t horax , 
- one tri axi a l  acc e l erometer i n  the pel v i s ,  
- a force transducer i n  each femur . 

For the  APROD dummy , supp l ement ary mea s u rements  were made : acc e l erat i o n s  
were recorded at t h e  l eve l s  o f  th i rd and s i xth r i b s ,  o n  t h e  i mp acted s i de ,  
and the  def l ect i on of the thorax  was mea s u red by mea n s  of an o ptoe l ectro ­
n i c  sy stem . 
- For the  h uman s ubject s 

The mea s u rement s  are more numerous  ; they are of th ree types : 
- anth ro pometri c a l  mea s u rements  before the  t e s t s  ( 3 ) , 

acc e l erometri c and k i nemat i c s  mea s u rements  duri n g  occ u rence of 
i mp act , by means of : 

for the head : n i ne  l i near acc e l erat i o n s  wi t h  three tri ax i a l 
acce l erometers  s crewed on the s k u l l ,  
for the thorax  : ei ghteen acce l er at i on s  i n  di fferent l oc a l i z a ­
ti ons  : four t r i a x i a l  o n  the  s p i ne ( T l , T4 , T 7  and T 1 2 ) , two 
un i ax i a l on the  ster n u m  ( upper and l ower part s ) and one un i ­
ax i a l on the  externa l  parts  of the r i ght  and l eft 4th and 8t h 
ri bs , mea s u rement s  of def l ec t i on of the thorax , 
for the pe l v i s : one  t r i axi a l  acce l erat i on at the l eve l  of t h e  
s acrum , 

- X -r ays and post -mortem exami n at i on s  after the  test s , i nc l ud i ng  b i o ­
l og i ca l  an a l y s i s wi th  t h e  ai m o f  ch aracteri z i ng  the  bone condi t i on 
of the subjects  ( 4 ) . 

I I I .  MA I N  RESULTS FROM TH I S  PROJECT  

As regards ve h i c l e  deformat i on s ,  a l l the  recon s t r uct i on s  were esti mated s a ­
t i s f actory concern i n g the deformat i ons  o f  the  s i de-wal l o f  t h e  s t r u c k  c ar ,  
at the l ev e l  of the occu pant seated on the s i de of i mp act . 
Th i s  a l l ows a compari son of the  l oads s u pported by the  s u r ro g ates  wi th  
those  of the re a l  v i ct i ms . 
The i n j uri es  suffered by the v i ct i ms i n  re a l  acc i de n t s  and those of the c a ­
d avers are reported i n  tab l e  2 .  
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FOR THE  HEAD 

Ana l ys i s of the k i nemat i c s  of the head/ nec k / t horax  body segment s  reve a l ed 
i n  a l most  a l l c a s es an ab sence of cran i a l  and/or cerebr a l  i nj ury , des p i te 
head i mp act s i n  al l these cases  ; the  s i deways  di s p l acement and bend i n g of 
the h e ad were l i mi ted by th i s  i mp act . 
There was on l y  one c ase of severe brai n stem i n j u ry i n  c adaver tes t s  
( A I S );., 4 ) ,  wi t hout s i gn i f i c ant head i mp act ( H I C  = 1 00 ) ,  but as soc i ated wi t h  
a very part i c u l ar k i nemat i c s  ; i t  c an b e  exp l a i ned by a very exten s i ve  s i de 
bendi n g  of the  head ( he ad/th orax ang l e  greater t h an 7 5 ° ) wh i c h  i s  no  doubt 
res pon s i b l e  for the per i pheri c h aemor r h ag i n g  t h at oecu red , as we l l  as of 
the  i nj u r i es  to the brai n s tem . 
For two ot her c ases  ( Ley l and mi n i /Ford Capri  and T au n u s / P a s s at ) ,  there was  
no c r an i a l  fracture in  any c a s e , e x p l a i n i ng the  h e ad A I S  equ a l  to 0 ,  b ut as  
t here was no  brai n i nj ect i on ,  no eonc l u s i on  cou l d  be drawn as reg ards  
oeeurrence of cerebr a l  i nj u ri e s . 
F i gure 2 i nd i c ates  head A I S  for the c ad aver recon struct i on s  wi t h  eorres pon ­
di ng  e a l eu l ated H I C  v a l ues . I n  fi ve c as e s  A I S  0 or  l were a s s o e i ated wi t h  
H I C v a l ues  n o  h i gher t h an 1 000 . I n  o n e  c as e ,  a H I C  v a l ue  o f  1 980 was  ob­
t a i ned , wi t h o ut any i nj ury ( A I S = 0 ) .  The h e ad i mp act occured agai n st t h e  
B - p i l l ar .  The  ea l e u l ated v a l ue o f  res u l t a n t  acce l er at i on  i s  rather h i gh 
( 20 5  g )  b ut i t  eorresponds  to an i mp aet of s h o rt durat i on .  I f  we take  i nto 
aecount  the bone earaeteri s t i c s  of the s k u l l of t h i s s u bjeet , two remar k s  
c an b e  made : the  th i e k n e s s  o f  h i s  s k u l l  w a s  h i gher t h an the  average t h i ek ­
ness  of ot her e adaver sk u l l s  and i t s  SBCF c l as s i f i ed h i m  among  s u b j ec t s  of 
better t h an average s k u l l res i st ance . I t  was s h own i n  a prev i ous  pub l i c a ­
t i on ( 5 )  t h at i n  i mp acts  o n  pari eto -tempora l  are a ,  wi t h  s u bj ee t s  h a v i n g  the  
s ame SBCF as th i s  c ad aver , a l eve l  of 300  g ' s  for  head acce l erat i on e ou l d  
be s u p ported wi t hout oecu rrenee of fraetu re i n  padded i mpact s . I n  t h i s re­
construet i on ,  the  h e ad i mp act occured ag a i n st the  B - p i l l ar ,  wh i c h res u l ted 
i n  a deformat i on of it ; so , t h i s head i mp act  c an be eompared to t h o s e  re­
ferenced and i t  i s  not surpr i s i n g t h at i t  cou l d  be as soc i ated wi t h  a n  A I S  0 
for the head . 

FOR THE THORAX  

A det a i l ed dese r i pt i on of  the i n j u ri es  observed for  the c adavers  i s  g i ven 
i n  t ab l e  2 .  For the  t h ree f i rst  e a se s , no i nterna l  i nj u ry was found , d e s p i ­
te a f l a i l e hest  i n  one case  ( w i t h  20  r i b frae t u re s ) .  For  one ree o n s t ruc ­
t i on of M i n i  Capri , they were tears i n  the  d i aphr agm , s i mu l t aneo u s l y  wi t h  
ei ght  ri b fracture s  ( A I S = 3 ) . · I n  another  c a s e  o f  Taun u s  Pas s at recon s t rue ­
t i on ,  a c ad aver s u s t a i ned parenc hyma tears , s i mu l t aneo u s l y  wi th  a b i l atera l  
f l a i l ehest  ( A I S = 4 ) . 
So , out of 1 4  reeon struct i on s  wi t h  c adaver s , t here were on l y  two c a s e s  of 
i ntern a l  t h o r ac i c  i n j ur i es s i mu l t aneou s l y  wi t h  ri b fraetu res . 
I n  the aet u a l  ace i dent s , none i ntern a l  l e s i on was observed , though  t here 
were ri b fraetures i n  s everal  c ases , wi th  a f l a i l ehest  i n  one e a s e . 
Tak i n g i nto  aeeount  of these resu l t s ,  i t  c an be st ated t h at the number of 
ri b f r actures proves to be a s u i t ab l e  i nd i c ator of t h o rax i nj ur i e s . 
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F i gure 2 .  H I C  ver s u s  A I S  i n  the  c ad aver 
recon struc t i o n s  

Acce l er at i o n s  o f  the  t h o r a x  were mea s u red acco rd i n g  to the 1 2 25 met hod for 
two of the f i ve recon structed acc i de n t s  ( 504/LN and 504/ 504 ) .  The d i fferent 
v a l ues obtai ned are p l otted ver s u s  the numbers of ri b fractu res  on f i gu res 
3 to 5 and compared to  other a v a i l ab l e  d at a  ( 6 ) . 
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I t  can be seen t h at the KOB d at a  di ffer much from the FAT / H E I DELBERG d at a . 
The  number of ri b f r ac tures and the  acc e l er at i on of the  fourth ri b appear 
not to be correl ated when KOB d at a  are added to the  ot her ( F i gure  3 ) . The 
s ame i s  l e ss  true as regards number of r i b frac t u res vers u s  acce l er at i o n 
of the 8th ri b ( F i gure 4 ) , wh i c h seems l og i c a l , g i ven the l oc a l i z at i on of 
the i mp ac t s  on the thorax . 
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By the way , the  number of ri b fractu res ver s u s  l atera l  acce l er at i on  of the  
f i rst  t h o r ac i c  vertebra y i e l ds a poor  corre l at i on  ( f i g u re 5 ) . 
Pos s i b l e  re l at i o n s h i ps  were a l so  i n v e s t i g ated between number of ri b f r actu ­
res and BLUR  ( 7 ) but  bec a u se of the  restr i cted amount of d at a ,  i t  was d i f ­
fi c u l t  t o  p i n po i nt  any rel ati on . I t  tu rned o u t  t h at i t  w a s  nec e s s a ry to 
take i nto account the s u bj ect ' s  s k e l eton qu a l i ty and to i nv e s t i g ate  p o s s i ­
b l e  re l ati o n s h i p between BLUR  and BCF . F i g u re 6 represents these  two p ar a ­
meter s ,  wi t h  the numbers o f  ri b f r actures  i nd i c ated bes i de e a c h  p o i nt  ; the  
l i ne s  connect  poi nts  corres pond i n g  to  s u b j ec t s  i mp acted under  i dent i c a l 
condi t i on s  ( s ame recon structi on ) .  The B L U R  var i at i on s  are extreme l y  s l i gh t  
wi  t h i  n a test  seri  e s  and BCF provi  des · here a muc h  better exp l anat i on  o f  the  
di fferences i n  i nj u ry l eve l s  t h an does  B L U R . BLUR  emerges  here  on l y  as an 
i nd i c ator  of vi o l ence and i s  by i t s e l f i n s uff i c i ent to account for d i ffe­
rences i n  i nj ury l eve l s  under i dent i c a l  i mp act condi t i o n s . The s ame i s  true 
for average  Power ( 8 ) . 

1 0  

9 

� 8 
:::::> 
_J 
CQ 7 1 .... 6 

s 
-2 

1 
1 

0 
�6 

1• 

- 1 

__@ 1 1 3  
=--r � „ 

1 
1 

0 
BCF 

1 2 

F i gure 6 .  BLUR  ver s u s  BCF for three of the  KOB reconstruc t i o n s  
Po i nts  corres pond i ng to  a s ame recon struct i on  are 
l i n k ed toget h er 

F i g u re 7 s h ows the  numbers of ri b frac t u res  ver s u s  the re l at i ve def l ec t i o n  
of the  wh o l e  tho r ax o f  the s u b j ec t , when a v a i l ab l e .  
W i t h  t h i s reduced numb er of dat a ,  we c an fi nd a fai r l y  good corre l at i o n  
b etween t h e se two par ameters , except for o n e  s u b j ect who s u s t a i ned on l y  
one ri b f r ac ture , assoc i ated wi th  a re l at i ve t h o r ac i c def l ec t i on of 3 1  % ; 
s u c h  a case  c an be exp l a i ned by the fact t h at t h i s subject h ad a very good 
bone condi t i on ( BCF = - 1 . 4 ) . * 

* Suc h a c a s e  i s  not surpr1 s 1 n g  ; i t  h a s  been e s t ab l i s hed t h at ( 1 2 )  i f  the  
number of 4 to 5 f r ac t u res i s  c o n s i dered to be the  reference l i mi t ,  the  
t h or ac i c to l erance of  l i v i n g per sons  ( average BCF  v a l ue = - 1 . 4 )  corre s ­
ponds t o  a max i mum re l at i ve def l ect i on o f  the  h a l f thorax wh i ch i s  38  % .  
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F i gure 8 s h ows t h e  number o f  ri b frac t u res  ver s u s  B C F  of t h e  s ubject s ; t h e  
more the  B C F  i s  negat i ve ( good b o n e  cond i t i on ) ,  the  l es ser i s  the  number of 
ri b frac t u re s  for s u bj ec t s  impacted under i dent i c a l cond i t i o n s . 
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We a l s o  tri ed to i nv e s t i g ate  re l at i o n s h i ps between severi ty of i nj ur i e s  
and TT I ( 9 ) .  W e  reported o n  f i gure  9 the  A I S  v a l ues for h ard t ho r ax ver s u s  
TT I ; KOB d a t a  are i n  t h e  sc atter o f  E p p i n ger d at a  b u t  they emph a s i ze  t h e  
f act t h at for a g i ven T T I  v a l u e ,  s e v e r a l  A I S  v a l ues  may occ u r . 
On  the  b a s i s of these res u l t s , one conc l udes that  def l ec t i on  of the  thorax , 
tak i n g i n to account bone c o n d i t i on of the  s u b j ec t s , i s  the  parameter t h e  
more re l ated t o  the i n j u ry severi ty l ev e l  o f  the  thorax . 
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Fi gure 9 .  Maxi mum h ard thorax A I S  ver s u s  TT I 

FOR  THE  P E L V I S  

I n  t h e  304/R 1 5  recon s truct i o n s , the  3 ms pe l v i s acc e l erat i o n s  mea s u red 
r ange  from 80 to 110 g for the dummy tests  and are a l i tt l e  more sc attered 
for c ad avers  : 80 g/3 ms for two s u bj ec t s  and 1 30 g/3 ms for the t h i rd 
s u b j ect , t h ough  the veh i c l e  d amage and cru sh i ng v e l oc i ty at pe l v i s l ev e l  
were s i mi l ar i n  t h e  t hree t e s t s  ; th i s  di fference for t h e  t h i rd s u b j ect c an 
b e  acc o u nt ed for by h i s l ower wei ght . 
Anyway , these  va l ues are of the  s ame order of mag n i t ude , both for dummi e s  
and c ad avers  and assoc i ated wi t h  a n  absence o f  i nj u ry for t h e  th ree cada­
vers  and the  act u a l  v 1 ct1 ms .  
In 504/LN recon struct1 on s ,  the  pel v i c acce l erat i o n s  were rather l ow both  
for durrmy (between 60 and 75 g )  and for c ad avers  ( average 55 g ) . 
I n  504/ 504 rec o n s truct i on s , the v a l ues  of � 3 ms pe l v i s for the dummy are 
r ather hi g h  : 1 00 and 1 20 g ( on l y  two t e s t s ) .  
For  the  c ad avers , these  v a l ues  are around 1 00 g ( l at e r a l  compon ant of the  
acce l e r at i on ) ,  so compati b l e  wi t h  an  ab sence of i nj u ry and  compat i b l e  wi t h  
t h o s e  o f  the  Hybr i d  I I  dummy test s . 
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For the M I N I /CAPR I reconstruc t i o n s  wi t h  dummy , the  v a l ues  of 'tpe l v i s are 
rather sc attered (107, 121 and 169 g ' s ) .  
For the cad aver test s , two s u bj ects  s u st ai ned a pe l v i s fractu re ,  as s o c i ated 
i n  o ne c a s e ,  w i t h  a 'imax of 1 1 4 g ( no me a s urement  i n  the other case ) ; t h e  
th i rd s ubject di d not s u s t ai n any fract u re , des p i te a comparab l e  l ev e l  of 

� max ( 1 1 9 g )  ; th i s  di fference i n  i nj u ry l ev e l  was exp l ai ned by a d i ffe­
rence of age of the s ubject s ,  corre s pondi n g ,  a pri or i , to a h i gher bone re­
s i s t an ce for the s u bj ect w i t hout fracture . 
I n  the  l as t  reconstruct i on s  seri e s  ( TAUNUS/ PASSAT ) ,  the  v a l ues  o f  � max 
p e  1 v 1  s for the dummy tests are a 1 so sc attered ( 82 , 1 4 1 and 98 g ) . 
There i s  on l y  one pe l v i s acce l er at i on  mea s u rement i n  the  c ad aver tests  
( 't max = 1 35 g )  ; no pe  l v i  s frac t u re was  o b s e rved i n  t h e  two tests  perfor­
med , when the act u a l  v i c t i m s u st a i ned a pe l v i s frac t u re ( A I S = 3 ) . 
As a gener a l  conc l u s i on ,  i n  t h e  experi men t at i o n s  mad e ,  p e l v i c  acce l erat i o n s  
f o r  t h e  dummy are more sc attered than  wi t h  c ad aver s ,  e s pec i a l l y  i n  the  two 
l ast  reconstruct i on s . However , des p i te th i s  sc at t eri n g ,  on an average , t h e  
s ame order o f  mag n i tude w a s  found between dummy a n d  cadaver s , wh i ch wou l d  
s eem to i nd i c ate t h at the  H I I  dummy and the  c ad avers act n e ar l y  s i mi l ar l y  
i n  l atera l  i mpact s ,  as concer n s  the  pe l v i s acce l eromet r i c res pons e . ( Th e  
deformat i o n s  of the  s i de-wa l l at pe l v i s l eve l  are n e ar l y  i dent i c a l  for 
these  two surrogates  i n  the recon struct i on s ) .  
For cadaver s ,  the  acce l erat i on  l ev e l s o b t a i ned for the  p e l v i s corres ponded 
( except i n  one spec i a l  c as e ) to an absence of pe l v i s i n j u ry ; i n  part i c u l ar 
th ree 3 ms acce l er at i on v a l ues  were found , wh i c h were above 1 00 g ( 1 30 ,  1 1 8 
and 1 05 g )  ; far from i nv a l i d at i n g  the prev i o u s l y  proposed to l erance 
thres h o l d ( 3 ms = 1 00 g ) , these v a l ues  wou l d  s eem to i nd i c ate t h at t h e  
t o l erance o f  l i v i ng per s o n s  i n  l ater a l  co l l i s i o n s  may be h i gher . 

� 

I V .  COMPAR I SO N  OF RESULTS FROM THE  KOB PROJECT W I T H  RESULTS OF OTHER 

PROJECTS 

The ma i n di fference found between the KOB pro j ect  and ot her projec t s , for 
i ns t an ce FAT/ H E I DE LB E RG study ( 6 ,  1 0 )  concerns med i c a l  f i nd i n g s  for the  c a ­
davers . 
A s amp l e  of 35  c adaver test s  was an a l yzed by FAT / H E I D E L BE RG c o -o perat i o n  
a n d  i t  c an be compared to the  s amp l e  o f  1 4  c ad aver t e s t s  of the K O B  p r o ­
ject . 
The  test condi t i o n s  were the fo l l owi n g  : 
- stri k i n g veh i c l e  : the  MOB mounted on a s l ed ( tot a l  mass  950 k g ) , at a 

ve l oc i ty ran g i n g  from 40 to  60 km/h . 
- struck  veh i c l e  : an O P E L  KADETT body ( s ame tot a l  ma s s  950 k g ) ,  wh i c h  was 

at res t  and i mp acted under an an g l e  of 90° . 
The ma i n  i nj ur i es found are the fo l l owi ng  : 
- For the  h e ad : three s ku l l fracture s  of A I S  = 3 i n  HE I DELBERG s amp l e  

among 35 c adaver tests  and none i n  KOB s amp l e  where 1 4  c ad aver t e s t s  were 
performed . These two res u l t s are comparab l e .  T h i s k i nd of i n j ury i s  not 
frequent i n  act u a l  l atera l  c ar to c ar c o l l i s i on s . 

- For the  t h orax : the i n j u r i es  obtai ned are mai n l y  ri b fract ures ( between 
6 and 27) , predomi n an t l y  on the  i mpacted s i de .  Th at was a l so observed i n  
the  KOB samp l e .  
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For the  s p i n a l  c o l umn : one of the  mai n di fferences  between the two stu­
dies 1 s  at  the l evel of th i s  body segment . For FAT/ H E I DELBERG s amp l e ,  i n  
two t h i rds  of the c ad aver tests , cerv i c a l  s p i ne  co l umn i nj u ri e s  appea­
red ; t h e se were of mi nor or  moder ate severi ty , except i n  one c as e ,  where 
there was a mos t  seri ou s i n j u ry ( A I S  = 5 ) ,  in  a l eft s i de i mpact at 
6 1  km/ h . 
No suc h l es i on was found i n  the  KOB study . As there was  no s i de wi ndows 
for the c ar i n  Hei del berg study ,  and as there was no  h e ad i mp act  duri n g  
t h e  co l l i s i on ,  one may th i n k t h at there w a s  a l ar ge l atera l  bend i n g o f  
t h e  neck , as i nd i c ated by the  cu rves o f  head bendi n g  ang l es as a funct i on 
of t i me ,  res u l t i n g  i n  cerv i c a l  s p i ne i nj uri es . The  bend i ng  of the  head 
was l i mi ted i n  our tests  bec au se occurrence of i mp act  ( except i n  one 
c ase ) . 

- For the  abdomen : i n  FAT/HE I DE L B E RG study , 1 7  out  of 3 5  c ad avers s u s ­
ta1 ned 1 nternal  abdomi n a l  i nj ur i e s , when  there were on l y  two s u c h  i nj u ­
ri es  i n  t h e  KOB test s .  
T h i s i s  the  mai n di fference  between these  two studi e s , as regards c ad a ­
v e r s  i nj ur i es  a n d  t h e s e  were the  most severe i nj ur i es  o bs er ved on  t h e s e  
s u bj ec t s .  They gener a l l y  con s i sted of l i ver  rupture s , wh i ch predomi n an ­
t l y  occurr.ed duri ng  50 km/h l atera l  c o l l i s i on s ,  wi t h  i mp act  o f  t h e  occu­
pants  on  the ri ght  s i de .  In  the  three test s  wi t h  a co l l i s i on s peed of 
60  km/ h , abdomi n a l  i nj ur i e s  occurred dur i ng  l eft s i de i mp ac t s , con s i st i n g  
o f  i nj uri e s  to the s p l een , t h e  l eft k i dney and the l i ver . 
T h e s e  t e s t s  were neverthe l e s s  performed at a v i o l ence e i ther  comparab l e  
or bel ow t h at of the KOB rec o n s t ructed acc i de n t s  as reg ards  ve l oc i ty of 
the str i k i ng veh i c l e  ; so the d i fference of i nj u ry c an o n l y  be exp l ai ned 
by the di fferences  i n  the test cond i t i on s . 
A l l t h e  FAT/HE I DE L B E RG t e s t s  were performed wi t h  an ang l e  of 90 ° between 
t h e  two veh i c l e s ,  wh i c h corres pond to the most severe condi t i on s  ( th e  
two abdomi n a l  l es i on s  i n  K O B  reconstruct i o n s  were a l so o b s erved i n  90°  
i mpacts ) .  More , i n  the FAT /H E I DE L B E RG test s , the  ax i s  of the  MBD was  j u st  
i n  f ront of the  H poi nt ( SR ) ,  so  just  in  front of the  p e l v i s and abdomen 
of the s u bj ect . 
Th i s  cou l d  be suff i c i ent  to exp l a i n the h i gher frequency of occu rrence of 
abdom i n a l  i nj ur i es i n  these  test s . 
These  res u l t s  of experi ment at i on s  concern i n g  abdomi n a l  i nj uri es  were com­
pared to t h ose of acc i dento l og i c a l  d at a .  A s amp l e  of 1 4  c ases of APR  
acc i dento l o g i c a l  i nvest i gat i on , in  wh i c h severe  abdomi n a l  i nj ur i e s  
( A I S  � 4 )  were present , cou l d  b e  g at hered . 
Ana l ys i s of th i s  samp l e  poi nted out the fact t h at s p l een  and l i ver i nj u ­
ri es  occur even i f  t h e  i mp act  a th orax and/or pe l v i s l ev e l  i s  t o l erab l e  ; 
i n  4 c a s e s  out of 1 4 ,  the  thorac i c A I S  was 0 / 1  and s i mu l t aneou s l y  the  
abdomi n a l  A I S  was 4 .  
I n  the  s ame way , 6 c ases  out of 1 4  corres pond to a thorac i c A I S � 2 ( wi th 
A I S  >,..... 4 for abdomen ) .  These l es i o n s  were o b s erved on occ u p ants  on  the  
i mpacted s i de .  
So acc i dento l o g i c a l  an a l y s i s a l so  poi nts  out the  neces s i ty of u s i n g  a 
s p ec i f i c  abdomi n a l  cr i teri on for protect i ng the  abdomi n a l  area . *  

* The s ame ana l ys i s on a greater s amp l e  of 2 3  c as e s  wi t h  abdomi n a l  1 n J uri es  
( A I S  � 3 ) v a l i d at i ng  th i s  res u l t  i s  pub l i s h ed i n  a new paper ( 1 3 ) . 
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- For the  pe l v i s : the  occ u rrence of i n j u r i e s  at t h i s body segment d i ffers 
few from one s amp l e  to the oth er ; such  l es i o n s  were very rare l y  o b ser­
ved . 
The  mai n conc l us i on s  of the  FAT/H E I O E LB E RG s tudy are g l o b a l l y  i n  good 
agreement wi t h  t h o se of the KOB pro j ect . Both  studi e s  show t h at the k i ne ­
mat i c s  and l oadi n g s  of dummi e s  and c ad avers are di fferent i n  mos t  o f  the 
body reg i o n s  i n vest i gated . 
A l l tes t s  for FAT/H E I OE LBERG study were 90°  s i de i mp act s , centered on  
H -po i nt . I t  correspond s , accordi n g  to HUK stat i s t i c s , NHTSA/MVMA c oordi ­
n ated res e arc h pro j ect  ( 1 1 ) and APR  acc i dento l og i c a l  i nv e st i gat i o n s  ( 1 ) ,  
to the  most s evere l atera l  i mp act condi t i o n s . 

V .  O I SCUSS I O N  ANO CONSEQUE N C E S  

1 .  Sc atter on the  res u l t s  

Pre-tests  were conducted i n  order t o  get the  s ame deformat i on i n  the  t e s t s , 
as i n  the  act u a l  case . Therefore , i n  some c a se s , the  c o l l i s i on s peed , or 
an g l e ,  or i mpact po i nt were mod i f i ed as regard s the est i mat i o n s  of t h e  
actu a l  acc i dent , the  mai n reason be i ng the di fference i n  d amage between the  
actu a l  c ar and  the c ar u s ed i n  the  reconstruc t i on , wh i ch i nd i c ated t h at one 
or sever a l  parameters  used for t s e  recon struct i on s was not s at i s f actory . 
I n s i de a s ame recon s truct i on seri es , i n  some tes t s ,  the  c ad avers u s ed were 
di fferent  from the act u a l  v i c t i m ,  i n  part i cu l ar for hei ght , we i gh t  or age ; 
t h at i s  b ec a u se the ma i n  se l ec t i on cri teri a was b ased on the  " good q u a l i ­
ty" of the  s u bj ect , wi t h  no  preex i st ant l e s i on .  When t here was a pro b l em of 
hei ght of the subjec t , a c u s h i on was used , so as to try to reproduce the 
s ame torso and h ead h e i ghts  as  th ose of the  act u a l  v i c t i ms . 
I n s i de a same recon struct i on seri es , the  scatter i s  l i mi ted and i s ,  i n  mos t  
cases , exp l ai ned .  F o r  i n stanc e ,  as regards t h o rax i nj ur i es  for the  304/R 1 5  
c o l l i s i on ,  1 3  ri b fractures wi t h  a f l a i l  e h e s t  ( A I S = 4 )  were s u st a i ned for 
the act u a l  vi ct i m and : 

- 20  ri b frac t u res  wi t h  f l a i l  ehest  ( A I S = 4 )  for the fi rst  c ad a ver , 
- 1 0  ri b fractures ( A I S  = 3 )  for the second c ad aver , 

5 ri b frac t u res  and a co l l arbone frac t u re ( A I S = 3 )  for the  t h i rd 
c adave r .  

Apart from t h e  pos s i b l e  di fferences i n  t h e  pos i t i on and ant h ro pometry of 
the s u b j ect s ,  th ese i nj ury di fferences were acc u r ate l y  exp l a i ned by t h e  
di fferences i n  bone condi t i o n s  o f  t h e s e  s ubject s . Therefore , the  l es i on a l  
l eve l s  s u st a i ned by t h e  real  v i c t i ms and t h e  c ad avers proved t o  b e  very 
coherent . 

2 .  Consequences of t h i s research 

- As regard s i mp act  tests , i t  wou l d  be i nterest i n g  to compare systemat i c a l ­
l y  the exten ts  and the  sh apes  of the cru s h i n g s  o b t a i ned i n  l at e r a l  MOB/ 
c ar co l l i s i on s , wi t h  those obtai ned i n  l ater a l  c ar to c ar co l l i s i on s , for 
a l l a v a i l ab l e  cases  and try to ran k  them accord i ng to the d i fferent p o s ­
s i b l e  confi gurat i on s .  
The knowl edge of deformat i on s  of the s i de wal l at the l ev e l  of the  mai n 
body segmen ts  ( head ,  t horax , adbomen and pe l v i s ) ,  cou l d  enab l e  to  exp l a i n  
occurrence and severi ty or non -occu rrence of i n j u r i e s  on the corres po n ­
di n g  body segment s ,  accord i n g  to the  k i nd o f  t e s t s  performed . Be s i des  the  
st i ffnesses  of  some parts of MOB cou l d  be adj u s ted for  sake  of real i sm .  
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The  severi ty of actu a l  l at e r a l  co l l i s i on s  for the occ u p ant  nears i de the  
i mp acted w a l l ,  h as to be a s s e s s ed accurate l y ,  part i c u l ar l y  by  mea n s  of a 
comp l ete an a l ys i s of the deformati on s  of the  pas senger compartment .  As  
a matter of f act , a rat i n g of  s everi ty b a s ed on l y  on c ar f::J.V v a l ues  i s  
not adequ ate . I t  i s  h i gh l y  des i r ab l e  t h at correc t i o n s  on the est i mati o n s  
o f  t h e  v i o l ence i n  terms of 4V cou l d  b e  made , t a k i ng  i nto account  t h e  
re l at i ve  pos i t i on s  o f  the vehi c l es a t  i mpact ( i nv o l vement of r i g i d  part s , 
ori e n t at i o n s  of the  c a r s  . . .  ) .  We s aw i n  t h e s e  KOB s e l ected c a s e s , th at 
acc i de n t s  corres pond i n g  to 4V v a l ue  of the s ame order of magn i tude l ed 
to di fferent i nj ury severi ty l ev e l s .  Th i s  po i nt s  out the i mportance of 
the wa l l ve l oc i ty on the sever i ty of i mp acts  ( 1 4 ) . 

- For the  dummi es u s ed i n  the  rec onstruct i on s ,  the  neces s i ty of a s e par ate 
cr i teri on  for the abdomen was once more proved , tak i n g  i nt o  account  mai n ­
l y  the  FAT/H E I DE LBERG resu l t s .  

- As  regards res t r a i nt  systems , A P R  acc i dento l og i c a l i nv e s t i g at i o n  i nd i c a ­
t e s  t h at " be l t  wear i ng reduces  l ateral  acc i dents seri o u s ne s s "  ( l  ) .  
The  wear i n g  of a seat be l t  i n  l ater a l  i mpact res u l ts i n  two mai n con s e ­
quences t h at are the  f o l l ow i n g  : t h at o f  restrai n i ng t h e  occu p ant o n  t h e  
struc k s i de ( so avo i d i n g  pos s i b l e  eject i on and l oweri n g  i t s  trajectory ) , 
and a l so t h at of reduc i n g pos s i b l e  i nteract i on s  wi th  another adj acent  
p a s s e n ger ( who , in  a l most a l l cases  i s  a l so  be l ted ) .  
Wh en t here i s  o n l y  one be l ted occ u p ant , the  percentage of head l es i on s  i s  
reduced ; t h i s c an be attr 1 buted to the di fferent k i nemat i c s  of the be l ­
ted occ u p ant : l es ser l atera l  f l ex i on of the  h e ad/nec k / s h ou l der segment s  
towar d s  the  s i de w i ndow frame , t h i s bei n g  the consequence o f  the  f act 
t h at the s h ou l der and the p e l v i s are restr a i ned .  For i n s t ance , i n  the 
th i rd c ad aver te st  of 504/ LN KOB reconstruct i on ,  the  s ub j ect  was  u n b e l ted 
and we o b served a very spec i a l  k i nemat i c s ,  correspondi ng  i n  f act  to  a 
part i a l  ejec t i on  of the s u bject  ( wi t h very severe head and bra i n stem 
i nj ur i es  A I S � ) . 
Some res tra i nt systems , s pec i f i c  for protec t i on  i n  l at e r a l  co l l i s i on s  
- s uc h  a s  p addi n g s - cou l d  b e  t h ought  u p .  
U p  to now , one of the act i o n s  for en s u ri n g  protec t i on  of occu p ant s i n  l a­
ter al  i mp act con s i sted i n  ri g i di fy i n g  the  struck  doo r ,  wi t h  the  a i m of 
l i mi t i n g the i nt ru s i on . Kee p i n g  the doors  as they are and j u s t  add i n g  a 
padd i n g  i n s i de i s  anot h er way , more r are l y  t r i ed ; i t  cou l d  be  i ntere s ­
ti n g  t o  du p l i c ate  for i n st ance one o f  t h e  KOB reconstruc t i o n s  wi t h  a mo ­
di f i ed c a r , accordi ng to wh at i s  s a i d  above ( j u st  wi t h  a p addi n g  i n s i de )  
and compare wi t h  res u l ts of the prev i ou s recon struct i on s  ; however , the  
prob l em of  the s p ac i n g  between the  s i de wal l and  the body mu st  be con s i ­
dered . 

CONCLUS  I ONS  

- As  a conc l u s i on , damages to the struck  and stri k i n g  veh i c l es were cor­
rec t l y  reproduced wi th  reference to the real  acc i dent s . These KOB rec o n s ­
truct i o n s  were performed w i t h  a good gener a l  acc uracy , wh i ch prov i des  a 
s at i s f act ory researc h  tool  based on act u a l  co l l i s i on s  recon struc t i o n s . 
We got a l w ays sat i s factory an a l ys i s of the di fferences  of l es i o n s  for 
each rec o n s truct i on ser i es when the di fferences of bone condi t i on of the  
subjects  were taken i nto account . 
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- For the  head , none of the c ad avers , exce pt for a very pec u l i ar 504/LN re­
construc t i on , s u s t a i ned cran i a l  or cerebr a l  i nj uri es  ; t h i s absence  of 
i n j ur i e s  corres ponds to H I C  v a l ues  u p  to 1 980 ( the  l i k e l i hood of such a 
va l ue wh i t h o ut i nj u ry was commented u pon ) .  
Th i s  absence of i nj ury i s  i n  good agreement w i t h  wh at was o b served i n  the  
actu a l  acc i dents : as a matter of f act , o n l y  two head i nj u r i es  of an A I S  
l ev e l  2 were observed i n  these  acc i dent s .  

- Tak i ng i nto account the bone condi t i on of the  s u b j ec ts ,  the  l es i o n a l  l e­
ve l s  s u s t a i ned by the rea l  v i ct i ms and the  c ad avers are very coherent at 
thorax l ev e l , when we u se the  t h o r ac i c  def l ec t i on as a s s e s sment of i nj ury 
severi  ty . . 

- As regards pel v i s ,  on l y  few l es i on s  were found and i n  part i cu l ar the  h i gh 
v a l ues rec orded for the pe l v i s acce l erat i o n s  wou l d  seem to i nd i c ate  t h at 
the to l erance of l i v i n g per s o n s  i n  s i de - c o l l i s i on s  mi ght  be h i gher than  
1 00 g / 3  ms . 

- Gre at di fferences  were found between the  PART 572  dummy and c ad avers for 
a l l b ody se gment s ,  except for the p e l v i s ,  confi rmi n g  t h at t h i s  dummy i s  
u n s u i t ab l e  for u se i n  si de - c o l l i s i on s . 
A part i c u l ar i nterest of the KOB program by compari son wi t h  FAT/ 
HE I DE LBERG s tudy for i n st ance , i s  t h at we di s pose  of a rea l i st i c  referen ­
ce : act u a l  acc i dent s , wi t h  a l l the  i nformat i on s  both as reg ards t h e  
i nvo l ved c a r s  and t h e  i n j uri es  s u s t a i ned by t h e  actu a l  v i c t i ms . 
A number of furt her uti l i z at i o n s  of KOB d at a  c an be ant i c i p ated . For 
i n st ance , they c an be used for a s s e s s i ng the b i of i de l i ty of any dummy 
pro posed for test s  i n  l ater a l  i mp ac t s  ; two of them were a l ready used for 
tes t i n g  EURO S I D  dummy . 
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