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Many s t ud iL' S  us L n g  c adavc r s a s  res t rained occupan t s  in frun t a l  
impacts  h a vc b c L' l l  rt'IHi r t e d  p rev L ou s l y ( 1 , 2 , 3 , 4 , 5 , 6) . Some o f  the se pape rs 
t r i e d  t o  compare L he r c s u l t s  u f  c adavc r t e s t s  w i t h  the rc sults  of dummy t e s t s ,  
but none can ; issoc i n t c  the r c s u l t s  o f  cad aver and dummy te s t s  under the 
same c: ra s l i  c o n d i l j on s .  To make t l d s compa r i son , we p c r formed 1 2  s l e d  using 
a t  the same t i me one human c ad Live r and 2 d i fferent types o f  dummi e s ,  whose 
re s u l t s  are de scribed in t h i s  s t udy . 

1 .  TESTS CONDITIONS 

Tluce mud c l s o [  human l i v j ng \vl� l�e s i m u l t an e o u s ly us ed 
- 1 Aldc rson V I I' 50 dummy 

- 1 Hyb r i d  11 d ummy ( P a r t  5 7'.!. )  
- 1 f r e s h  human cadavcr 
p laced at  t hc samc t Lmc nn a s t ruc t u rc that offers three driver seats and a 
mudc l o f  ,1 V\.J 1 > a s s ; 1 L  p ; 1 s sl' l lgl ' r l 'ump a r tnw n t  w l i o l e  p lacl'd on a dynamic t e s t  s l ed 
t u rn e d  to t hc l c f t  of a 1 5 "  ang l e . Each human mode l  i s  rc s t raine d  by a thre e  
p o i n t s aut oma t i c  b c J t . 

The t c s t s  a r e  c onduc t c d  a t  four d i f feren t specds 
and three impacts  a r c  p e r fo rmcd for e a c h  spee d .  

2 4 ,  34 and 48km/h 

Dunmü c s  arc f i t t c d  w i. t h t r i - a x i a l  ac cc l c romc t c rs sc.rewed in the head 
and t hc t ho rax . On t lil' c a d a vt' r ,  i l  s t' t t i ng en;1b l <> s  to place t h ree t ri -axi al  
acce l cromc t e r s  w hi c ll a n' nvc<• s s ; 1 r y  ll l  c a l c u l a t c  the rc s u l t an t  a ccele rat ion at 
the t h e o re t i c a l  head gra v i ty ccntc r .  

l t  s t ip p o rl s ,  ;1 t L l il· fl >u r L l1 b a c k  ve r t eb ra , a t r i axial  acce l e rome ter 
t h a t  g i v e s  L lw t ho r a c: i c  a c cl' l e r;1 L i on . 

At t h e  s a fc t y  b L• l l  l c vc l ,  thrct� force-transducers are p laced near 
t he ancho ragc p o i n t s an c..I e nab lv t o  know t he e fforts on e ach s t rap . 

On t hc s l cc..I , two accc lc rome ters j oi n t e d  to  the towe r s tate  the s led 
ac celerat ion ; onc is  o r ic n tatcd in  t hc movcment axi s ,  t h e  othe r turned of 1 5 ° .  
The c .i.ncmat ographi c  c ovc r ( 5  h i gh sp ec c..I c ame ras)  enab les to  s t udy the kinema t i c  
o f  t h e  e nt i rc t y and o f  c a c h mude l . 

Cac..lnvcrs u s i ng f .i.  r s L  rL' CJ U i  rl! a c ho i ce ( agc , height ,  we i gh t , nature 
of dcath) . Thc use<l c adave rs a rl' [ re s h .  \"hen the d i ffe re n t  accele rometers  
have been p l acec.I , a c n t llL' t L• r  i s  p u s h e d  t h ruugh sub c l avian ar t e ry to fi l l  in 
t he �stcmic v i. r c u l a t  i.on s y s t e1�1 . i\ n  i n t ra - t r a c he a l  tuhc cnah l e s to 111aintain a 
p u lmona ry p rl' s s u re c: l o sL' L1 >  ;1 1w rn1a l b reat h i u g .  

Afte r t h e  tc s t ,  X n1y p i ct u re s o f  c adaver s are t aken and a comp le t e  
a u t op sy i s  drnH• . 
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2 .  CADAVERS l NJ UIHES 
We not ice an o n l y  thoraco-abclominal local i z a t ion of t he le s i on s  on 

the c ad ave rs usecl in t hc 1 :2  s l e J  t e s t s .  

��!�_!b�E����-i�i�Ei�� 

At t he t l10 racic lcve l ,  l e s ions are ve ry divers i fi e d  from a simple 
l e s i on f r om s l rap rasp i ng on ; 1  l a rgL� b i l a te ra l f l a i l c hc s t  wi t h , in t h a t  case , 
a b reaking o [  t h e  uort i c  i s t hmus a s s o c i a t e d  wi t h  a great bony decay . 

One c a s e  o f  sp i t t i ng o f  t he r i gh t  auri c l e  by the on ly second frac
t ur e d  r i b appears t o  hc mo 1·L' a s  an u n f avou rab lc haza rcl t han a typ ical l e s i o n .  

A s  ror l u n g  p a re n c hyma 1 eve l ,  w c  n o t i c e  l iq u i d ext ravasat ions which 
t r auma t i c  o r i g i n i s  Ji f f i c u l t L o  p rc c i sc .  Wc can on l y  asccrtain that thcy a re 
a lways assoc iated w i t h  imp o r t an t b uny l e s ions . 

In two c a s c s , wc n n t L' a c ro s s  ( ract ure i n  mi d d l c  o f  the s t e rnum, 
near ly at t hc samc L eve l ,  s i t ua t c d  unde r thc t horacic s t rap pas sage . 

In one cas e ,  wc no t i cc a l c ( t  c l a vi c l e  fracture , i n  the middle part 
of i t ,  and t hc re aga i n , under t ltc s t rap pass age . 

T lw i.11j u r i c s  :·n : s L a i ned b y  cadave r s  during the s l c d t c s t s  s c e: m  e:x
t e ns i ve . How0vt• r ,  i. C  1ve c u mp a re t he numb e r s  of ehe s t  fractures obse rved i n  
the t e s t s  w i t l i  t h c  n111nbL• r o f  S < l lltl' inj u r i e s  p rc <l i c t e d  b y  a s t a t i s t i c a l  re l a t i on 
c s tab l i s l w J  b y  l·: p p i n gv r  ( ) ,  i L  i s  no t i ce a b l c  that mos t  cadavcrs sus taine d  
l e s s  i nj u r i e s  L l tan p rc J i c t c J ,  as i n<licat ccl i n  f i g .  1 
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Mos t  of the les ions we observed concern the sp leen and the l ive r .  
N o  hepat i c  l e s ion was important . I n  two case s , hepato-spleenic l e s i ons are 
associated w i t h  mi<ldle-thoracic fracture s an<l correspond in a l l  p robab i l i ty 
to l e s ions b y  s houlder s t rap passage . 

In two casc s , we noticc• a rup t ure of  me sentere with on case as socia
ted with a sp l ccn rup t: u rc and lcft  low rib  fracture s .  Le s i ons seem to be as
sociated w i t h  sub-mar ining an<l by the way , t o  a rais ing under i l i a c  cre s t s  
o f  the abdominal s t rap , wors0nc<l b y  the t runk ben<ling,  that make t h e  low rili 
leaning on thc abdominal con t e n t .  

3 .  ANALYSIS O F  INJURY CRITERICA'l VALUES 

In the analys is  of resul t s  are cons i de re d  the HIC val ue s  of the 
three mode l s  i n  the 1 2  tes t s ,  and for the ehe s t ,  the maximal accelerat ion 
and the shoulder b e lt force in the s ame test s .  

��l�-����-±�i�EY-�EiE�E��� 

In thc same way, t he HIC i n c re ases rap i dly w i t h  the t e s t  speed .  
We can expl a i n  thi s vari a t i on b y  t hc fact t:hat part o f  the accelerat i on 
graph we cons i<ll' r i s  raisc<l to t lll' 2 . 5  powe r an<l that a l l  t e s t  occuring 
w i thout p rime impact , the shape s of graphs are s imi l a r .  

llc twcc n  4 2  an<l 48 km/ h ,  we no t ice t hat ave ragc HIC values doub led 
for each mode l .  

Drawn i n  regard t o  t e s t  speed , HIC graph inc reas e s  wi t h  an exponen
t ial manner .  The graphs that correspond to cadavers and Hyb r i d  I I  dummies are 
very c lose to each other whi le t hose of the Alderson VIP 50 are always s i tuated 
uppe r  ( f i g . 2) ____ _ 
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The average value of HIC calculated for the cadaver i s  higher than 
that of the Hyb rid II for both lowest test  speeds ( 2 4  km/h and 34 km/h) while 
they are lower in the 2 other confi gurations (fig . 3) . 
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At 48 km/h ,  a l l  the HIC values for the 3 models  are higher than 
1 000 (average value of 1 000, considered as acceptab le l imit must be near a 
46 km/h speed o f  t e s t ) . 

Head acce leration of dummy head was recorded a t  the center of gravi
t y .  On cadavers we used t be data of one external accelerome t e r .  However this 
acce le romc t e r  was locat c <l near t he c a r ,  at the center o f  gravity leve l in 
vertical and antero-posterior components . 

In such a frontal  s le<l t c s t  and with an approximately syßlTle tri cal head 
mot ion, the data recorded on the external accelerome ter wou l d  be in the same 
order o f  magn i t ude as the center of gravity head accel e rat ion .  

����-!��!����-��i�!l-�!���!� 
Triaxial  acce lcration i s  measured at the center of gravi ty of dum

mie s  by a t ransducer j o inted to the back o f  the thorax. On the cadaver, the 
t riaxial acce lerometer i s  cxternal and bound at the 4th thoracic vertebrae 
leve l .  From t he acc e lerome te r s ,  we calculated the resul tant accelerati on .  At 
the s ame t ime, we measured forces exerted on the belt near the 3 anchorage 
point s .  
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3 . 2 . 1 .  Chest  accele rat ion 

The resul tant acceleration of the thorax increases wich a nearly 
linear manner with regards to average acceleration we noticed on the sled 
(fig .  4) 
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For each te s t  range , we notice that the resultant acce lerat i on 
increases from Hyb rid I I  to Alderson and from Alderson to cadave r ,  i . e .  the 
resul tan t accc J.erat ion i s  always highe r on t he cadaver than on dununies 
( fi g .  5) 

For the <lununi e s ,  .i.t is never ovcr 60 g,  even for 48 km/h tes t s .  
Howeve r, a t  such a speed, t he Hyb rid I I  always gives very low value s ,  bet
ween 34 and 36 g .  

For the cadave r ,  i n  t he same range o f  speed, we not ice that� in 
two case s ,  t he value exceeds 60 g (value normaly given as tolerance l imit) . 

These high acce l erat .i.on values however correspond to extensive 
l e s ions of bony t horax (AIS = 5) .'.l ssoc.i.ated w i t h  abdominal les ions due to 
thorac ic dcformation ( l i vc r i nj ury and/or sp leen) . Those 3 model s  did not 
s ustain s ubmarining <luring thc t e s t .  
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3 . 2 . 2 .  Be lt force values 
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The forces are measured at 3 points ,  near the 3 anchorage points . 
The values we not iced increase for e ach point w i th the average speed o f  the 
s led , At the shoulde r anchorage, ( C .  anchorage) the force exerted by the 
cadaver is higher than the one exerted by both diffe rent dununies (except 
in 2 cases of s ubmarining) in spite of their weight pract ically always 
higher t han the corp s e s  we used ( f i g .  6) .  
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On t lle con t rary, e f i o r t  valucs wc pointed out on the abdominal 
s t rap ( anchorage B) are a lways lowc r on the cadaver even when t h e re is sub-
marining. 

I n  o t hc r  worJ s ,  \vC can see that the dummy behaves diffe rent ly from 
the cadaver .  Since i t  has a particular speed due to a mode l isat ion o f  the 
spine not exac tly rca l i s t i c ,  the dummy moves in one p iece and so f i r s t  lean s  
on t he abdominal  s t rnp b c fu rc the thoracic  s t rap . 

4 .  KINEMAT ICS 

Oi f [c rcnt c. i u cmal o g rap h i c  vi ews cnab l c  the s t udy of  each pas senge r  
of  t h e  s t ructurc,  i . c .  

- 1 Alderson VIP 50  dummy 
- 1 Hyb r i d H dummy 
- 1 (resh cadavc r  

Speed rangc s an' c l w s c n  ( 2 4 ,  34 , 4 2  and 48 km/h) in order to re
p re sen t a log i c a l i ncrcas ing u r  L e s t  specds corre sponding to are as of mo tion 
with va ri ed amp l i t udc . 

I ndL•c d ,  at 2 4  km/ h ,  L l l e  L1vo dur.un i e s  have a perfe c t l y  s imi l a r  beha
v i o u r : fo rwa rd mot ion rn p i d l y  rc l t· ased af te r  impac t ,  "salute" ve ry rigid  of  
the t runk, rapid comc b a t:k \vi t h  hcad r c b ound . 

T h l'  c a davl' r s l a r t s  i t s  movcmc• n L  L1 t e r ,  .::ind i t  las t s  l onger : 
mot ions arc smoot lw r ,  s l opc o f  t b e  t runk i. s l i m i t c d b u t  rigid,  w i t h  a de ta
chment and a s l ight t urning f o rward,  on the right o f  left  shou l d e r .  The 
coming back i s  s lowc r  and , a fte r t l1c rebound,  the  head shows an incline with 
turning to le ft . 

At 34 km/h,  the behaviour o f  dummi e s  i s  no more perfe c t l y  s imilar 
t he Alde r s on c omes back fa s t e r  than the Hyb r i d ,  with a very rigi d t runk mo
t ion . 

Thc cadavcr 
For t he St l l  t e s t ,  t l l c 
not i ce tha t ,  for t h i s  

has ;1 s l i g ht tu rni ng mo t i on round 
c o r p s e  ( o f  sma l l  l1L• i gl l L )  notably 
c a s c ,  t lt c  s houl<le r s t r.:Jp i s fi xccl 

the shou lder s t rap . 
sank b ack . We can 
much to  h i gh .  

i\t 4 2  km/ h ,  t hc Al Jc nwn dummy s t a r t s  a submarining motion (which 
wi l l  inc rc11 s c  a t  h i ghc r speed)  a n d ,  i n  s p i te of i t ,  come s  back to f i r s t  p o
s i t i on s oonC' r  t h:m Hyb r i d r r ,  mon• C lc x i b le ,  whi c h  i s  ncarer t o  human cadave r .  
The l a t e r increases t l!c movemc n t amp l i t uck· at 3 2  km/h but does not submarine 
at a l l .  

Thc mo t ion i s  s h ;1 rpc r ,  sud<lenly b raked by the c rossing s t rap and 
t he rebound (specially  for t hc head) i s  cleaner . 

At 4 8  km/ h ,  t he Alde rson severely submarines after impact , we 
find i t  t he back on the h o r i zon t a l  pos i t ion o f  t he seat . The Hyb r i d  keeps 
a s im i l a r  way t o  t h i s  o f  last test but at t he rcbound moment, the head 
knocks the model o f  mid<l lc  l e g .  Al l t he cadave r s  submarine spe c i a l l y  the 
I O th which cxt rcme l y  subma r ines w i t h a high abdominal raising of  the s t rap 
and a s ink i n g o [  t l w  Low pa rt u r  L hc body Oll s eat founJation .  

Tlll' l mv WL' i g h l  .:JtH1 sma l1 lwight o f  t he mode l are probab ly the 
cause of t h i s 111nvL'llll ' l 1l: , 

Thl' c.adavc rs n° 1 0  nnd 1 2  whi c h h e i gh t  and wei ght are much more 
" s t andard" begin a subma rining but t he s t rap s t op s  when it i s  above the i l iac 
cres t s .  The l c s i ons can come in part from t h i s  mot ion but also from important 
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t urning round t he s t rap . That movement break s  t he low r i b s  on upper abdominal 
content . 

5 .  BEHAVIOUR OF RESTRAINT SYSTEMS 

The used be l t s  are s imi l ar for a l l  t h e  t e s t s  : mas s p roduc tion 
3 p o in t s  automat i c  b e l t s  ( REPA) which s t rap i s  50 mm large . 

Af t e r  e a c h  t e s t ,  b e l t s  are removed and re p l aced by new b e lt s ,  be
cause t he impact can mo<l i fy t h l' mechan i c a l  characte r i s t i c s  of the s t rap , 
w i t h  an i rreve rs ib l e  mann c r .  

We not ice n o  f a i l ing o f  res t raint sys tem a t  any l e ve l .  For each 
t e s t ,  we de t c rm i nc<l , f r om h i gh speed f i lms , the unro l l i ng of the s t rap a t  
t h e  run out o f  t he drum o (  t he be l t  warn b y  t h e  cadaver and t h e  Hyb rid I I  
s upp o r t . 

The dete rmined values are not very imp o r t an t .  They increase wi th 
the impact speed and vary bc twecn 2 . 5  and 6 . 8  cm. 

Thi s i n c re ase i s  a lways l e s s  imp o r t an t  on the b e l t  worn by t h e  
c adave r be cause i t s  t ho rn x  bc g i n s t o  movc l a t c r  o n .  The s e  i n creases are 
cons i s t e n t  w i t h  a c nr re c t r c s t  rn i n t ,  evcn .'.lt the h i gh e s t  s p ee d .  

6 .  CONCLUSION 

The aLm o f  t hi s  s t udy was to compare s y s t ema t i c a l ly t he responses 
of human cadaver and of two d i f fe re n t  types of dummie s ,  subj e c t e d  to a 
s ame impac t . In t h i s  purp o s e ,  1 2  t e s t s  were per formed at 4 d i f fe rent speeds . 

These t e s t s  s hown that an impact d i d  not cause any i nj ury on 
cadavers during t e s t  made at 24 km/ h ,  meanwhi le fas t e s t  t e s t  ( 48 km/h) 
always induces mo r t a l  or very severe l e s i ons . 

W i t h  regards to o t he r  t e s t  spee d s ,  5 from 6 cadavers suppo r t e d  
t y p i c a l  inj u r i e s ,  b ut t h e i r  s e v c r i t y  enab l e; a p resump t i on o f  surviva l .  The 
6 t h  model i s  i ndemn . 

Th o s e  inj u r i es .'.lre , lh'C r a ll ,  r i b  fracture s ,  s imp le o r  f l ai l  
e he s t  sornetimes a s s o c i a l e <l w i t h  a cro s s ing f racture o f  the s t e rnum. In 
case of more v i o l e n t  impact s ,  wc not ice s i mu l t aneous l y  hemothorax ( s ome
t imes two s idcd) an<l c a rd i a c  l L· s i on s  ( o r  l arge b lood ve s s e l s ) . 

Ab dominal l e s ions are much l e s s  frequent t han thoracic l e s i ons . 
There are mos t l y  f i s s ures o r  rupturc o f  sp leen o r  l i ve r ,  subj e c t e d  e i th e r  
t o  s ubmar ining o r  d e f l cct ion of l o w  r i b s  w i t h  o r  wi t hout fracture . W e  a l s o  
n o t i ce d  a rup t ure o f  t he mc sentery , caused b y  an imp o r t an t  submarining . 

We d i d  not find again l e s i ons on others b o d i l y  s e gments speci a l l y  
no b ony l e s ions o f  t he s p i n e . These t c s t s  seem t o  show t ha t  w e  ob se rve le
s i ons due t o  s a f e t y  b e l t s  on the cadavers even a t  s l ow speed, b u t  it is 
caused f i r s t  to t hc o l d n c s s  of u s c <l cadave r ,  se cond ly to t he s led de ce l e
rat i on rulc' that mak 0 s t hL· i mp:.i c t  mu re severe . 
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A b e t t e r  se l e c t i on o f  used cadave r s ,  spec i a l l y  according to 
� chanic al prope r t i e s  of their bon e s ,  should reduce the d i sp e r s ion of 
re s u l t s  c oncc rn i ng t h c  observed l e s i ons . 

In regar<l w i t h  kinema t i c s ,  t h e  d i ffe rence b e tween the three 
mod e l s  increas e s w i t h  t he speed . At low speed, t he mot ions of both types 
o f  dummies a rc " i n  range 1 1  meanwhi le the cadaver has a larger and langer 
movement . At h i ghe r speccl , the Alderson VIP 50 dummy ms a movement 
fas ter t h an L lie Hyb r i d  I I  meanwhi le t h e  one o f  the cadaver i s  late . 

Cunt rary to  b o t h  ot he r mo<le l s ,  from 42 km/h t he Alder son VIP 5 0  
dummy submar i. n c s  cluring tlie impact .  

Tlw cadavc r  a h.wys submarine s  during the t e s t  at 48 km/h mean
wh i le t he Hyb r i d  1 1  <lummy neve r doe s .  

From t he who le t e s t s ,  i t  appears that the cadaver seems to 
have a rca l i s t i c kinema t i �  in s p i t e  of he ight and we ight d i f ferences 
be twecn the 1 2  s ubj e c t s  we use d .  

T!lC' kin<l o f  safc t y  bc l t s  we used p e r f c c t l y  worked during 
a l l  the t es t s . 
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