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Lutl' ra l  i mp ; 1 < ' l ; 1 c c i d l' n t s  con s t i tutc 20 % o f  t ra f f i c  acc i dent s .  

They have a s pe c i f i c  i n j ury t y p o l o gy : 1 5  % of p e op l e  involved in these 
t r a f f i c  a c c i d e nt s  s u s t a i n  a p c l v i c  fracture whe reas only 4 , 5  % of occupants 
invo l ve d  in a l l  t r a f f i c  a c c i <lcnts s u f f e r  t h i s  l e s i on .  

Moreove r ,  lower l imb s inj u r i e s  o f  nears i de o c cupan t s  are frequent , 
e s p e c i a l l y  t h e  upp e r  part o f  fcmur . 

Tlic human t o l l· ran ct' o f  p c l v i. s  an<l fcmur i s  insu f f i c ient l y  kno'vn 
and t he a i m  o f  t h e s t u<ly i s  t o  givc i <l c a s  o f  fracture mechanisms o f  p e l v i s  
and p e lv i s-femur cump l l' x .  T h i s  s t udy w i l l  a l s o  he l p  u s  t o  dete rmine the 
force levc l s  c rc:·1 L i n g  l hC' s c  i nj u r i c s . 

,\ b i b L i  og rap l i i c <l L s u rvey con r i. rms the frequency o f  s i de imp a c t s  
b e tween 2 0  I:'. a 11 d 3 0  'l. u f  L r:i U i c  acc i den t s . S i <lc imp a c t  a c c i dents are more 
seve re t lian o l lic rs a n d  t l i L' i r  mo r t a l i t y i s  7 , 4 5 % which i s  h i gher t han fron t a l  
imp a c t  mo rta l i t y  ( 4 , 4 % ) . 

1 .  ANATOMI C RECJ\LLS J\N D Pl·:T.VIC IN J URIES 

Human p e l v i s is madc w i t h  two h i p  bon e s  j o ining i n  front end w i t h  
the symp l i s i s  p ub i s  a n d  i n  rc a r e nd on t h c  s ncrum. 
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STJ\TES ( 1 )  cu11 s i. dl '  rs t h : i t  acclabulum fracturc s ,  p e l  vic  rami 
fract ure s an<l d i s j un c t i. o n  o[ t h c  sacro-i.liac j oi n t  a re t yp i c a l  les ions in 
lateral  i mpac t . LI STER an<l NEILSON (2)  in<li ca te  a h i gh frequency ( 1 2  %) o f  
p e l v i c  inj u r i c s i n  l a t e r a l  i.mpa ct s .  HJ\RTEMANN ( 3) says that 9 % of inj ured 
occup an t s in late r < i l  acc i d e n t  s u f (e r0<l pc l vi c g i  rd l e le s i on s ,  particularly 
t he occ upan t s st• a t c d  a l  thC' i mp :1 c t  s i. de , s o ,  i.n cont act wi t h  the intru sion 
of thc l at e r a l  s t ruc t ures . 

l 'c l v i c  l e s ions s e e m  to be  a mcchanism o ccuring b y  direct  impact  
on  the  i l i ac c re s t  o r  o n  t l tc.· h 0 a d  o f  fcmu r .  These forces ,  working t ransver sal
ly  on t he pc l vi s  l a t e ral  parl , b r i ng closer  the 2 pa r t s o f  the  pelvi c gi rdle  
t here i s  thcn e i ther a pub i s  symphi s is <li s j unct ion, o r  a s acro- i l i ac or a 
p o s t e r i o r  f 1·ac· L ure o f  t he i l i ac-wing.  But t he c omp re s s i on works on the fora
men ob t u 1«1 t um s id e s  and t i ll'n t l te rc a rc t he c la s s i c a l  fractures of the i l io 
and i sc hio-pubic rami . I f  thc t ransversal  force works at  the  level of t ro
c hanter maj o r ,  we obse rvc an acc t abu 1 um frac ture some t i me s  associated to 
a rann. f racture p ar t i c u b r l y r ra c t u r e  o (  the i s c h i o-pub i c  ramus . 

In  a rL'ccnL L hc s i s  ( llEJ EJ\MMl·:S ,  4) de a l in g with  1 4  pelvic  lesions 
in l a t e r a l  i rnpa c t , WL' n o t  i c C' 
- 1 casc o [  ramus f rac t u rc 
- 5 cases o r  2 1·;11ni [ ra c t ure ( o n  t l1c samc s i  de) 
- 2 cases o[ 3 rami f ra c t u rc 
- 2 C <l S C S  o f  /1 r;11n i r r<IC: l u rL' 
- 1 case o f  4 rami frac t ure assoc i. a t e<l t o  Iracturc o f  i l i ac crest  
- 1 case o f  3 rami frac t u re a s s o c i a t e d  to acet abulum fracture 
- 1 case of 3 rami frac t u n• <l s s o c i  a tc d to f racture of i l i ac crest  
- 1 case o f  s ac ro-i li ac f racturl' associated to a pub i c  symph i s i s  d i sj unct i on 

We w i l l  t ry t o  d c t e rmine to whi ch impac t e d  a re a  corresponds 
whi c h  type of fracture . \v(' w i l l. sec i f  t he l e s ion e x t ension i s  bound on ly 
to t he incre a s ing of fo rc c s or i r L h0 re i s  an occuring chrono logy according 
to t he lofld l.evc l s .  

2 .  AIM OF TllE STUDY 

ThL' p ro L L'C L i un u r  c;1 r • > < · cupanl  sca tcd near t he impacted s ide 
in late ra l  i mra c t  ; 1 c c i dt' n l  is ; 1  d i U i c u l t  p rob lem to so lve . In a p revious 
s t udy ( 5 )  �.,;e c s t a b .l  i s i l e d  t ha t  s i ele impact  protect ion needs to work at  least  
in two  d i rccL i ons : C i r s l , i t  i s  nc c cs s a ry to minimizc s i el e  intrus i on by  
s t i f f e n i n g  s ide s t ructures of  c ;1 rs , and making front end less  agressive ; 
s e c ond even i f  t ltcrc i s  1 1 0  i n t rus i on t he occupant wi l l  h i t  the inside o f  
t he door pane l and tu absorb t h i s  impact a padding material  h a s  to  be  
p laced i n s i d L• the cm· compa rtme n t , on t he door pane l s .  

l f  n o  b i.omc c l t:rnical clata  i s  necessary t o  minimize intrusion,  
t hc d c> L c rm i n a t i. o n  or  t h e  ll ll' C i i ill1 L C < l l. p ror c r t ie s o f  pad<ling needs the knowledg(• 
of p e l v i. s  f 1·a c t u l'l' human t i > l c r;rnn· . l.n<lce<l, i f  the p add i n g i s  too s t i f f ,  
i t  w i l l  d u r i 1 1 g L h l' i mp a c l  p roclucl' a c rus h ing force highe r than t he p e l v i s  
fract urc fo rCL� , an<l thcn i. t w i. l  l not p l ay a s  a p ro tec t i ve devi c e .  I f  the 
p ud<l i ng i s  l o o s o f t ,  i t  w i. J I  not  d i s s i p at c enough energy befo re b e in g  
comp h' tc J y  c rushe<l ; t lw n ,  t lw 1w l vi s w i ll sustain  a ve ry low impact  force 
duri.ng L hc c· rush and a h i gh impa c l f o r c c  a t  the end o f the padding c ru s h . 



So i t  i s  obv ious t l1at it i s  necessa ry t o  know the p e l v i s  t o l e rance in terms 
o f  fract ure forc e ,  to de t c rminc t he force / d e f l e c t ion chara c t e r i s t i cs of the 
padding . The main a im of t h i s  s tudy is to  dctermine the value of the force 
app l i e d  t ransve r s a l l y on t hc pelvi s which i s  nece s s a ry to f racture i t .  From 
t h i s  value , wc w i l l  J c t c rmine the force induccd by a padding sys tem which 
has not to b e  ove rpas s e d .  

3 .  IMPACTOR C l l A RJ\CTE IH ST l .CS 

' l\1 n· p n 1 d 1 1 n ·  1w L v i s f rac t u rl's on c adave r s ,  1vc dcci ded to use 
a n  impac t ing sys t l'm wh i c:h \vl' c a l l c d " impac t o r " .  Thc fi r s t  pro b l em was to  
de t e rmine t hL� ma s s ,  t hc sp c•e d o [  t h c  moving part  and t he shape of the 
impac t ing arca . 
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To d e t e  rmi n e  t hL' ma ss and the specd of the impac tor,  we mode
l ized t he system composed by t l i L' s t r i. k i.ng c a r ,  the s t ruck car,  and the occu
pant s e a t ed in thc s t ruck c ;1 r  nl'ar t he i mpac tc d s i d e .  By analogy with  fron t al 
impact ( 6 )  and i f  we c a l l  ,\ t l H· s t r i k i n g  c a r ,  B the s t ruck onc ,  MA and MR 
t he i r  mas ses , anJ i f Vi\ i s  t hL· i mp il c L  sp c.• c d and the s t ruck car is  s t a t i onna
ry ( V B = O) WL' c ; 1 n  u l' l l · rm i 1w l he Vt' l l ) \ ' i t y c: ha nge ( VB) o f  the s t ruck car : 

Mi\ 
V ll  = "i-"iA+t�ffi° V J\ 

Almost  du r i n g t lll' i n t ru s i on ,  the occupant does not sust ain 
this  value o f ve l o c i ty c l w nge 11 f t hc door.  Analysis  of c ar to car t e s t s  
reported i n  a p revi ous s tu dy ( 5 )  s lww t h a t  we can con s i cl e r  t hc mass o f  
t he fron t <loor as  t hl' i mpn c t i n g m<1 s s  on t h e  occupant seatecl  near this  door . 
That means that  the impact i ng mil s s  should  be close  t o  20 kg . 

Ana l ys i s  u [  rl'il l acc i <lcnts shows that  p e lvi s fracture seems 
appe a r  in c a r  to car col. L i sions occuring be tween 40 and 50 km/h impact 
speed (ort hogon al c o l  l. i s i on s ,  s t ruck c a r  s tat ionnary and t he two cars 
having t li e  S illUl' mas s ) , J\n:i l y s i �; o r  t llc i mp::ict be twecn tlH' door and t l i e  

p c lvi. s  s how t hil l t l H· pC' L v i s  i mp n c: L s p e1.; d i s  in thc samc orde r of  magni tude 
as t he car impact sp c cJ . Th i. s  menns tha t the impac t o r  has to  reach an 
.i. mp ac t s p t� c d  L'q u� il ;it. l t• ; 1 s t  L o  'iO k m/ l t . 

����-���2�-�i-���-l�����i�ß-���� 

Tl te  i mp a C' t D r l t a s  Lo L" ep ruduce t he con t a c t  be tween tlie pel vi s 
and t he doo r in t he a c t u a l a c c i de n t .  In a car t o  car s i d e  impact c o l l i s ion 
the s t riking ca r make s an i n t rus iun morc important in t he middle  of the door 
t hat  ncar t l il· c d gc.· s . rn t lw s aml' way , thC' dc forma t i ons a n• gcnc ral ly l c s s  
import ant n C' a r  t hc 1 owL· r hcam u r  nl' .'. H  t hc c a r  b e l t  leve l t han i n  thc middle 
which i s  c losc to thc H point  p roj cc t i on of the fron t occupan t s .  Such car 
dc forma t i ons c ; m  bc a p1Hox i ma t c l y  bc dcsc ribed as a l arge radius sphe ric  
fo rm ( p h o t o  1 ) .  

On t l t L• 1w l v i s  o f  t l l l '  sc· a t c cl occupant s  two points  can be impac
tcd  i n s i d1.; i 111p t 1 c t  : l' i t lH• r L l t l· i 1 1  i u.111 o r  t he t rochantcr  maj o r .  l t  i s  a l so 
p o s s i b l e  t o  i mp a c t b o t h  a t  t li e  same t ime . For t he s e  reasons , we decided to 
des ign thc impac t i ng arca o[ thc  i mpact o r  as a 20 cm diame ter  d i s c  wi t h  a 
large rad ius sphc r i c  f r on t .  
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Photo 1 

4 .  TEST METHODOLOGY 

The aim of  thi s s tudy i s  to  de termine the force which i s  neces
s ary to p roduce a pelvis  f racture in a lateral impact . When this force 
value w i l l  be  known it w i l l  be necess ary to rep roduce on a dummy an impact 
with the s ame impactor ,  at the s ame s p ee d . To determine this force value , 
we are p e r f o rming t e s t s  on cadavers . On thc same cadave r ,  we wi l l  make seve
ral  tes t s  a t  increas ing impact Speed unt i l  we get p e l v i s  fractu re . The 
evidence o f  f ract ure i s  done by a X ray p i c ture made b e tween each t es t ,  and 
during each t e s t  we measure the impact speed , the impact force and the im
pact  acce l e rat ion . Be fore e ach t e s t  we measure the s t a t i c  force p u l l ing on 
t he rubbe r extens ib le springs , which move the impa c t o r .  Th i s  force value e s  
necess ary t o  p redet e rmine the impact speed value . 

There i s  p robab ly a l arge variat ion of  p e l v i s  force fracture 
i n  the popu l a t i o n ,  and to minimize t h i s  var.i.a t i on \ve wi l l  t ry to scale the 
res u l t s  w i t h  age , s e x ,  pelvis  geome t ry ,  and b one charac teri s t i c s ,  which are 
t he main parame t e rs to  be cons idere d .  

5 .  F I RST TEST RESULTS 

The t e s t s  are performed with  frc s h  cadaver s  at inc reasing 
spee ds : 2 0  then 30 km/h, thcn f rom 5 to 5 km/h t i l l  we ge t t he osseous 
fract ure . 

The s ubj ect  i s  maintained scated and the impactor i s  adj u s t e d  
on t he r i ght p e lvis  : X ray p i c t ures  are madc after  e ach tcst  to  con f i rm 
the c l i n i c a l  exami na t ion . 

246 



Test  1 a fresh  fema l e ,  1 .  6 7  m, 58  kg i s  s e a t e d .  Her ri ght s i de in f ront of  
the impactor  

The  first  test  at 20 km/h does  not  move the  body very much 
(photo 2) . At 30 km/h ,  the body i s  e j e c t e d  out of t he seat and f a l l s  on a 
padding s ur face . At 35  km/h , clini cal and radiological e xaminat i on show that 
t lie p e lv i s  is undamaged . The 4 5  km/h test produces many fracture s : right i l i o  
<.rnd i s chio pub i c  rami frac tures , sacro- i l i ac j oint  d i sj un c t i on ,  beginning 
fracture a long foramina sacriala dorsala (photos 3 - 4) . The acceleration 
va lue noted on t he impactor i s  at t h i s  t ime 4 5  g and the load is 8000 N .  

Photo 2 

Photo 3 
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Phot o  4 

Test  2 : a fresh female,  1 .  54 m, 70 kg,  2 0  km/h = no fract ure 
At 30 km/h, X ray p i c t ure shows a wrenching of the tubercule 

of  antero-supe rior i liac crest with  many spl inters . 30 g is  then the a cce
l erat ion on the s led and 5000 N i s  the e f fort on the impactor.  As t he les ions 
are not severe, a t e s t  is performed at 3 5  km/h ( curve 1 ) .  There is then a 
fracture o f  i s chio-pub i c  ramus . The curve shows that the s led needs 45 ms 
to reach i t s  nominal spee d .  Then i t  becomes s teady to the impact moment .  The 
impac t durat ion is about 72 ms , with a 7 000 N load and a 30 g accelera
t ion on t he impactor .  
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CONCLUS ION 

T h i s  s t udy, t h a t  i s  j u s t  beginning, wi l l  go on to determine a 
range o f  pe l v i c  t o l e rance val ue s .  

We wil l de t e rmine the law load -deforma t i on o f  paddings to 
p lace be twecn the l a l l' 1·a l s u r facc•s anti t he p a s s e nger pe lvi s to avo i d  the 
t y p i c a l  l e s i on s  oi s i. tk i mpact . 

I t  i s  ob vious t: l iat  t he same approach can b e  used for the 
t ho rax whi c h  t o l e rance to impact is not we l l  known as we l l  as the p revent ion 
means o f  l e s ions on t hi s  part of the body . 
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